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Abstract—In this paper, a nonlinear robust adaptive controller 
design for unmanned autonomous vehicles (UAVs) for 
controlling the hovering flight is proposed. The proposed 
controller is designed recursively based on the control Lyapunov 
theory where the mass of the UAV within the model is assumed 
as an unknown parameter. To show the robustness property of 
the proposed controller, the effects of external disturbances are 
also considered within the UAV system model during the design 
of the controller. The unknown parameter (mass) is estimated 
using the adaptation law and incorporated in the final control 
law and then the overall stability of the whole system is 
confirmed through the negative semi-definiteness of control 
Lyapunov functions (CLFs). Note that the proposed controller is 
designed in such a way that it is adaptive to the unknown 
parameter of the UAV and robust to external disturbances. 
Finally, the performance of the designed controller is tested 
using a MATLAB simulation model under hovering flight 
condition and the performance is also compared with an existing 
nonlinear robust adaptive backstepping controller. Simulation 
results illustrate the robustness of the designed controller over 
the existing controller in terms of rejecting external wind gusts. 
 
 

Keywords—Control Lyapunov function; external uncertainty; 
unmanned autonomous vehicle; parametric uncertainty; robust 
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I. INTRODUCTION 
During the last two decades, UAVs especially unmanned 

autonomous helicopters (UAHs) have been attracted a great 
deal of interest over the fixed-wing aircraft due to their several 
advantages such as compact size, ability to vertical take-
off/landing, hovering for a long period of time etc. Among 
these abilities, hovering and vertically take-off/landing 
property of an UAH is very essential. Though an UAH has 
several merits over the fixed-wing aircraft, the control of an 
UAH is more challenging as compared to its full-scale 
counterpart to achieve full flight wrapping due to its inherent 
nonlinear unstable characteristic. In addition, another main 
difficulty of an UAH is the strong nonlinearities which mainly 
arise from the cross-couplings among the tail rotor, main rotor, 

and aerodynamic uncertainties [1]. Furthermore, as it is an 
under-actuated mechanical system with six degrees of 
freedom (6-DOF), the control in the presence of any kind 
disturbances such as external or internal is extremely difficult 
task. Under this situation, to provide a better performance of 
an UAH a nonlinear robust adaptive controller design is very 
essential. 

     Traditionally, owing to the effortlessness and ease 
execution, linear controllers are widely used to control of a 
small-scale helicopter which are mainly designed based on the 
linear approximation model around a fixed operating point [2], 
[3].  However, these linear controllers are not able to track the 
desired flight trajectory when the desired flight path is far 
away from the original point for which the controller is 
initially designed, i.e., under a wide variation of operating 
points these linear controllers are not suitable. To overcome 
these limitations of linear controllers, recently, the design of 
several advance nonlinear control schemes have been gained 
popularity to control the UAH under different flight operating 
mode in the presence of large disturbances [4]-[7]. 

A most commonly used nonlinear control technique is the 
feedback linearization (FBL) controller which has been widely 
used to obtain the control input for different nonlinear systems 
by transforming the nonlinear system to linear system [8], [9]. 
Based on the FBL control scheme, a nonlinear robust 
controller was proposed in [10] for rejecting the external wind 
gust effect, in which the external wind gust, is considered to 
be the sum of a preset number of sinusoids with unidentified 
amplitudes, frequencies, and phases. But, the main drawback 
of this control approach is that to meet the desired control 
objective, the system parameters and model should be known 
accurately and unerringly. However, in practice, it is quite 
difficult to know the exact values of the UAH system 
parameters. Therefore, to overcome this limitation of FBL 
controller, a nonlinear controller should be designed in such a 
way that which is insensitive to the parameters variations and 
external disturbances.  

    The aforementioned problems of FBLC can be resolved 
using another nonlinear sliding mode controller (SMC) which 
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is less sensitive to parameters variations and external 
disturbances. To control the nonlinear flight of an UAH, a 
nonlinear SMC based on the time-varying sliding surface is 
proposed in [11], [12]. Although SMC is less sensitive to 
parameter variations and external disturbances and can be 
operated under a wide range of operating point, the selection 
of the time-varying sliding surface is extremely a difficult task 
and makes its complicated. Under this situation, to overcome 
the parameter sensitivity problem of FBL controllers and 
selection of time-varying sliding surface of SMCs the 
nonlinear adaptive backstepping controller is an alternative 
control schemes as discussed in [13]-[16], [25]-[29] for 
different applications. In this method, stabilizing controls 
Lyapunov function is constructed in every step during the 
design of the controller and it can dynamically also estimate 
the unknown parametric or external uncertainties by using the 
online parameter adaptation laws. The authors of this paper 
would like to mentioned here that in [13]-[16], the controller is 
designed to control the horizontal position of an UAH under 
consideration of both parametric uncertainties and external 
disturbances. In order to achieve better control performance, a 
nonlinear robust backstepping controller is proposed in [4], 
[17] to control the longitudinal and lateral dynamics of an 
UAH in the presence of external disturbances. Another robust 
H∞ controller to control the longitudinal and lateral dynamics 
of a BELL 205 helicopter is proposed in [18] where the model 
uncertainty is considered as an unknown parameter. A similar 
approach is also proposed in [19] to control the horizontal 
position of an UAV in the presence of horizontal wind gusts. 
Though the horizontal position of an UAH is successfully 
controlled in the aforementioned literature, the control of 
vertical dynamics is not clear in these papers. To address this 
limitation of these papers, an H∞ control approach is proposed 
in [20] to control the altitude along with attitude of an UAV 
for a hovering flight in the presence of vertical wind gusts. To 
control the vertical motion of an UAH during the landing 
condition a nonlinear controller is proposed in [21]. However, 
in this paper, the main prominence was on the parametric 
uncertainties rather than exterior disturbances. Moreover, how 
to control the longitudinal and lateral position of an UAH is 
not also clear in this paper. To overcome this limitation, a 
robust backstepping controller is proposed [22] to control the 
horizontal position along with the vertical height of an UAH 
in the presence of external wind gusts. However, the controller 
is designed based on the linearized model of the UAH which 
is only applicable for the hovering flight condition. 
Meanwhile, the hovering flight control of an UAH especially 
in a gusty environment is always a tough task to the control 
engineer due to the intrinsic nonlinearity, dynamical 
unsteadiness and trembling operating conditions of an UAH. 
To control the hovering flight of an UAH under 
aforementioned conditions, a neural network based adaptive 
control scheme is proposed in [23]. However, the main 
drawback of this control scheme is that the controller is 
designed based the one-DOF flight condition of an UAH 
which is really tough to operate in a real system.  

It is well known that the gross weight of an UAH could be 
changed during the operation of flight for several reasons such 
as, fuel consumption, external airdrop etc. which have 
significant effect on the stability of an UAH system. Since the 

main rotor thrust of an UAH is used to overcome the UAH’s 
gravity, so the mass variation during the flight operation 
condition is an important perturbation for the force equations. 
To grip this situation, a nonlinear adaptive backstepping 
controller is designed in [24]. However, external wind gust 
effect is taken into account during the design of the controller 
In addition; no one has yet designed a robust adaptive 
backstepping controller by considering the effect of mass 
variation during the operation of flight along with the external 
wind gusts.  

The aim of this paper is to design a robust adaptive 
bacstepping controller to control the outer loop of an UAH 
under the consideration of parametric uncertainties along with 
external disturbances. Note that backstepping is a recursive 
nonlinear control design method, which provides an 
alternative to the FBL control scheme. The benefit of this 
control scheme is that it can gain from the nonlinear 
stabilizing terms rather than completely eliminate them as like 
the FBL controller.  To prove the stability of the whole system 
of an UAH, CLFs are formulated at different stages during the 
design process of the controller. Finally, a MATLAB/ 
SIMULINK software based simulation model is used to 
evaluate the effectiveness of the designed controller for 
hovering flight mode. To show the superiority of the proposed 
controller the performance is also compared with an existing 
controller as proposed in [22]. 

The rest of the paper is organized in the following 
approach. The mathematical model of an UAH and control 
problem of this paper is discussed in Section (II). The Section 
(III) presents the design procedure of the proposed controller 
based on the mathematical as discussed in Section (II). The 
gust model that used in the simulation is briefly discussed in 
Section (IV). Section (V) discusses the simulation results.  
Finally, the conclusion of the work is presented in Section 
(VI). 

 

 

II. DYNAMICAL MODELING AND PROBLEM FORMULATION 

     This section is intended to describe the dynamical model 
of an UAH with the single main rotor and tail rotor. The 
nonlinear rigid body dynamics differential equations of an 
UAH in terms of its translational and rotational dynamics can 
be expressed as follows: ߫ሶ = ܸ                                                                        (1) ݉ ሶܸ = ܴ ݂ + ሶߟ ଷ                                                  (2)ߝ݃݉ = ܫ (3)                                                                     ߱ߨ ሶ߱ = ߱ × ߱ܫ  (4)                                                   ܯ+
where m is the total mass of an UAH, I is the inertia matrix, ߫ = ,ݔ] ,ݕ ܸ ,is the position vector ்[ݖ = ,௫ݒ] ,௬ݒ  ௭]் is theݒ
linear velocity vector, and	߱ = ,]  represents the்[ݎ	ݍ
angular velocity rate vector. The gravitational force (݉݃ߝଷ) is 
unambiguously included in where ߝଷ is a unit vector with one 
in the third place. In this paper, the Euler angle vector	ߟ =[߶, ,ߠ ߰]்is defined in the roll, pitch and yaw sequence. 
Based on the Euler angle vector definition, the rotation matrix 
R from the body frame to inertia frame of an UAH in terms of 
the Euler angles can be represented as follows: 
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where the compressed notation c denotes for cos (.) and s for 
sin(.).  A conventional single main rotor helicopter has four 
independent control inputs which can be defined as follows: 

T
tmc baTTu ],,,[ 11=  

there the components Tm and Tt represent the magnitude of the 
main rotor and tail rotor thrusts on an UAH, respectively. It is 
well known that the leading force of an UAH is produced due 
to the main and tail rotor thrusts. However, for the 
simplification, most of the researchers design the controllers 
by considering only the main and tail rotor dynamics while 
ignoring the horizontal stabilizer, vertical stabilizer, and 
fuselage stabilizer dynamics. Based this statement, the force 
generated by the main rotor ( fb ) in the (xb, yb, zb) direction in 
the body frame of an UAH can be written as follows: ݂ = [ܺ, ܻ, ܼ]்                                                     (6) 
However, in order to include the effects of the rotor flapping 
on the fuselage rigid body dynamics of an UAH, the forces 
and moments need to be expressed in terms of rotor flapping. 
Thus, the force components generated by the main rotor 
thrust can be written as follows: ܺ = − ܶ݊݅ݏ(ܽଵ)                                                    (7) ܻ = ܶ݊݅ݏ(ܾଵ)                                                        (8) ܼ = − ܶ                                                                 (9) 
By the way, the tail rotor generates force only in the yb 
direction. Therefore, the force generated by the tail rotor can 
be represented by the following equation: [ܺ௧, ௧ܻ, ܼ௧]் = [0, − ௧ܶ, 0]்                                       (10) 
Now, after including the UAH’s weight, the complete force 
vector equation can be written as follows: 
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Similarly, the net moments which acting on an UAH can be 
written as follows: 
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where Lb and Ma are the effective flap-stiffness constants, Mx 

and Mz are the main rotor lengths, Tx and Tz are the tail rotor 
lengths with respect to the centre of the body’s mass of an  
UAH. There exist a simple relationship between the drag 
vector (MQ) and main rotor thrust (Tm ) which can be written 
as follows: 

mmmQ DTCM += 5.1 																																							(13)																								 
whereܥ = ଵஐඥଶఘ is the coefficient expressing the 

relationship between the main rotor thrust and drag; Dm is the  

initial drag of the main rotor when the blade pitch is zero. The 
aerodynamic forces and moments owing to the empennage 
and fuselage are negligible during the hovering and low-
velocity flight so these forces are not taken into account 
during the design of the controller. One of the important 
factor of mass changes which mainly occurs owing to the 
airdrop or fuel consume during the operation of flight which 
has a significant impact on the main rotor thrust [23] to 
maintain the dynamical stability of an UAH. Moreover, the 
stability of the UAH system will be disturbed due to the 
external wind gusts. Therefore, a controller should be 
designed in such way that which can handle these problems 
and stabilize the system. Based on the above assumptions, the 
dynamical model of the outer loop of an UAH can be written 
as follows: ߫ሶ = ܸ + ଵ                                                                 (14) ሶܸߝ = ܴ ݂ߠ + ଷߪ݃ +  ଶ                                               (15)ߝ

where ߠ = ଵ is the parametric uncertainty, ߝଵ, and ߝଵ are the 

bounded external disturbances within the outer loop model of 
an UAH. When the UAH system is subjected to the variations 
in parameters and external disturbances; the proposed 
controller should have the capability to maintain the UAH 
system stability. The design of a robust nonlinear adaptive 
outer loop controller based on (14) and (15) is shown in the 
following section in order to accomplish the desired control 
objectives. 
 

III. ROBUST ADPATIVE CONTROLLER DESIGN 

    The aim of this section is to design an outer loop 
controller, using a robust adaptive backstepping control 
approach to control the numerous corporeal quantities (e.g. 
position, linear velocity) during hovering flight mode 
condition of an UAH. Thus, the proposed controller should be 
designed in such a way that all tracking errors can converge 
to zero for any initial condition of an UAH. The controller 
design procedure is separated into two distinct steps which 
are ornately discussed as follows. 
 

   Design step 1: According to the design purpose, the 
position tracking error variable can be defined as follows: ݁ଵ = ߫ − ߫ௗ                                                          (16) 
where ߫ௗis the desired position of an UAH which is constant. 
Using (14), the derivative of ݁ଵ can be written as: ሶ݁ଵ = ܸ +  ଵ                                                        (17)ߝ
Here, ܸ is a virtual control variable and its desired value ௗܸ is 
a stabilizing function for (17), for that another error variable 
need to be defined which can be represented as follows: ݁ଶ = ܸ − ௗܸ                                                          (18) 
By substituting (18) into (17), yields ሶ݁ଵ = ௗܸ + ݁ଶ +  ଵ                                                  (19)ߝ
In order to stabilize the position error dynamics of an UAH as 
represented by (19), the CLF can be written as: ଵܹ = ଵଶ ݁ଵ் ݁ଵ                                                            (20) 

whose time derivative is ሶܹ ଵ = ݁ଵ் ሶ݁ଵ                                                               (21) 
By substituting the value of ሶ݁ଵ, (21) can be written as: 
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ሶܹ ଵ = ݁ଵ் ( ௗܸ + ݁ଶ +  ଵ)                                            (22)ߝ
Now, the objective of this step is to design the stabilizing 
function ௗܸ in such a way that which makes ሶܹ ଵ ≤ 0. 
Therefore, the stabilizing function ௗܸ is chosen as: ௗܸ =  ଵ                                                                (23)݁ߙ−
where ߙ is a positive constant which can be used to tune the 
output response. Then, (22) can be written as: ሶܹ ଵ = ଵ|ଶ݁|ߙ− + ݁ଵ் (݁ଶ +  ଵ)                                  (24)ߝ
where |. | denotes the Euclidean norm throughout this paper. 
It can be seen that (24) will be negative semi-definite if ݁ଵ =0 and this will happen if ݁ଶ = 0. Hence, the next control 
objective is to drive ݁ଶ to zero which is discussed in the 
following step. 
    Design step 2: The time derivative of ௗܸ as represented by 
(23) can be written as follows: ሶܸௗ = ܸ)ߙ− +  ଵ)                                                   (25)ߝ
As ሶ݁ଵ = ܸ +  ଵ. The velocity error dynamics along with (15)ߝ
and (25) can be written as: ሶ݁ଶ = ܴ ݂ߠ + ଷߪ݃ + ଶߝ + ܸ)ߙ +  ଵ)                      (26)ߝ
Since ߠ is an unknown parameter; it is possible to rewrite 
(26) as follows by assuming ߠ is an estimated value of the 
unknown parameter. ሶ݁ଶ = ܴ ݂(ߠ෨ + (ߠ + ଷߪ݃ + ଶߝ + ܸ)ߙ +  ଵ)            (27)ߝ
where ߠ෨ = ߠ −   is the estimation error of the unknownߠ
parameter ߠ. In order to handle the unknown parameter, the 
final CLF can be written as: ଶܹ = ଵܹ + ଵଶ ݁ଶ் ݁ଶ + ଵଶఊ  ෨                                  (28)ߠ෨்ߠ

where ߛ is the adaptation gain which is selected in such a way 
that the estimation error converges to zero. Now the time 
derivative of Lyapunov function ଶܹ is ሶܹ ଶ = ሶܹ ଵ + ݁ଶ் ሶ݁ଶ − ଵఊ ሶߠ෨்ߠ                                     (29) 

By inserting (24) and (27) into (29), it can be written as: ሶܹ ଶ = ଵ்݁ߙ− ݁ଵ + ݁ଵ் ݁ଶ + ݁ଶ் ൫ܴ ݂ߠ + ଷߪ݃ + ଶߝ + ൯ܸߙ −ଵఊ ෨்ߠ ቀߠሶ − ଶ்݁ߛ ܴ ݂ቁ + ݁ଵ் ∆ଵ                            (30) 

where ∆ଵ= ଵ(݁ଵ்ߝ + ܴ Now .(ߙ ݂ = − ଵఏ ൫݁ଵ + ଷߪ݃ + ܸߙ + ଶ݁ߚ + ൯(ଶ݁)݊݃ݏଶܨ −݁ଵ்  (31)                                                 (ଵ݁)݊݃ݏଵܨ
where sgn is a signum function which can be written as 
follows: ݊݃ݏ(݁) = ቐ+1 ݂݅ ݁ > 00 ݂݅ ݁ = 0−1 ݂݅ ݁ < 0                     (32) 

The external disturbances Δଵ and ߝଶ are assumed to be 
bounded by known constants ܨଵ and ܨଶ that is |Δଵ| ≤ |ଵ and  |εଶܨ ≤ ଶ. In such cases, (30) can be rewritten as follows: ሶܹܨ ଶ = ଵ்݁ߙ− ݁ଵ − ଶ்݁ߚ ݁ଶ − ଵఊ ෨்ߠ ቀߠሶ − ଶ்݁ߛ ܴ ݂ቁ +݁ଶ் ൫ߝଶ − ൯(ଶ݁)݊݃ݏଶܨ + ݁ଵ் ൫Δଵ −  ൯ (33)(ଵ݁)݊݃ݏଵܨ
Since ߠ෨் is not available, the best way to cancel this term 
from ሶܹ ଶ by selecting the following adaptation law ߠሶ = ଶ்݁ߛ ܴ ݂                                                   (34) 
Finally, the resulting derivative of ଶܹ can be written as 
follows: 

ሶܹ ଶ = ଵ்݁ߙ− ݁ଵ − ଶ்݁ߚ ݁ଶ + ݁ଶ் ൫ߝଶ − ൯(ଶ݁)݊݃ݏଶܨ +݁ଵ் ൫Δଵ −  ൯                                     (35)(ଵ݁)݊݃ݏଵܨ
Now using the Schwartz inequality, we have ሶܹ ଶ ≤ ଵ|ଶ݁|ߙ− − ଶ|ଶ݁|ߚ + |݁ଶ|(|ߝଶ|−ܨଶ|݁ଶ|) + |݁ଵ|(|Δଵ|  ଵ|݁ଵ|)                                                           (36)ܨ−
which assures that the time derivative of Lyapunov function is 
negative definite. Thus, from (36), it is obvious that the error 
dynamics of the system is asymptotically stable. Therefore, 
the derived robust adaptive backstepping control law stabilizes 
the whole system. The gust model which is used for the 
simulation to test the robustness property of the designed 
controller is discussed in the following section. 
 

IV. GUSTS MODEL 

    To analysis the robustness of the designed controller in a 
gusty environment, wind gusts can be treated as spectral 
turbulence or discrete. For spectral turbulence gusts, the Von 
Karman and Dryden turbulence models are normally used as 
the external disturbances. However, the Von Karman model 
has been widely used between these two models. Anyway, 
due to the computational complexity of the Von Karman 
model, we will not use this model in this paper. There are 
several sources for wind gust models based upon the 
empirical data which consists of band limited white noise 
which is passing through appropriate forming filters. On the 
other hand, the Dryden turbulence model is scaled with 
respect to altitude, velocity and wing span of an UAH. 
Therefore, the filters that are used to generate the Dryden 
wind gust model for atmospheric disturbance can be written 
as follows: ܪ௨(ݏ) = ௨ටଶೠగߪ ଵଵାಽೠೆ௦                                            (37) 

(ݏ)௩ܪ = ௩ටଶೡగߪ ଵା√యಽೡೆ ௦(ଵାಽೡೆ௦)మ                                        (38) 

(ݏ)௪ܪ = ௪ටଶೢగߪ ଵା√యಽೢೆ ௦(ଵାಽೢೆ௦)మ                                      (39) 

where the symbols have their usual meaning which can be 
found in [20]. Simulation studies are conducted in the 
following section to show the effectiveness of the designed 
controller. 
 

V. CONTROLLER PERFORMANCE EVALUATION 

 In this section, the performance of the designed robust 
adaptive controller is evaluated on a VARIO XLC helicopter 
platform using the MATLAB/SIMULINK software simulation 
model by considering the parameters those are engaged in real 
applications for an UAH. The simulation is completed for the 
hovering flight stabilization of a VARIO XLC helicopter 
under the consideration of external wind gusts effect on the 
system. The initial and desired positions of a VARIO XLC 
helicopter are set to x=0 m, y=0 m and z=-2 m, respectively. 
Furthermore, in order to verify the robustness of the designed 
controller, the bound on the external uncertainties are selected 
as: ܨଵ= 0.2 m/s and ܨଶ= 0.4 m/s2, respectively based on the 
variation of linear velocity and acceleration due to the external 
wind gusts. Since the performance of the designed controller 
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is affected by the choice of control parameters, so the tuning 
parameters for the controller are considered as: ݇ଵ =2 and ݇ଶ=5, and the adaptation gain parameter is chosen as: ߛଵ =10. 
Atmospheric external wind gust is also included with the 
simulation model to show the real-world environment effect 
on the designed controller. In order to show the superiority of 
the designed controller, the performance of the designed 
controller is also compared with an existing controller as 
proposed in [22].  

  The position responses of the VARIO XLC helicopter are 
shown in Fig. 1, from where it can be seen that the position 
responses are settled down to their desired equilibrium 
position in a much faster way with designed controller (solid 
blue line) as compared to the existing controller (solid red 
line).  

(a) Longitudinal position 

(b) Lateral position 

 
(c) Vertical height 

Fig. 1. Position responses of a VARIO XLC helicopter 

  From Fig. 1, it is also obvious that the designed controller 
can damp out the frequency of oscillation and also can 
eliminate the steady-state error in a better way as compared to 
the existing controller. 

In order to ensure the stable hovering flight operation of a 
VARIO XLC helicopter, the linear velocity should be zero. 
However, the linear velocity will be disturbed when the 
external disturbances will be added to the system. Under this 
situation, the linear velocity responses of a VARIO XLC 
helicopter with both controllers are shown in Fig. 2. From Fig. 
2, it can be seen that speed of convergence to the desired point 
of the designed controller (solid blue line) is much faster than 
of the existing controller (red solid line). The corresponding 
external wind gusts response is shown in Fig. 3, which is used 
in simulation to test the controller performance.      

 
(a) Longitudinal velocity 

 
(b) Lateral velocity 

 
(c)Vertical velocity 

Fig. 2. Linear velocity responses of a VARIO XLC helicopter 
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Fig. 3.  Test wind gusts response 

     
       From simulation results, it is obvious that the designed 
controller is more effective and able to provide better system 
performances than the existing controller in terms of settling 
the responses to their desired steady-state operating points. 
 
 

VI. CONCLUSION 

    In this paper, a recursive method is proposed to design a 
nonlinear robust adaptive backstepping controller for an UAH 
in order to improve the hovering flight performance in the 
presence of both parametric uncertainties and external 
disturbances. Based on this approach, a robust adaptive 
control law for uncertain parameters is designed in this paper 
and the external disturbances are also bounded to avoid the 
deterioration of the designed controller performance. From 
the simulation results, it is evident that the designed 
controller is able to maintain desired steady-state hovering 
flight condition in a better way as compared to the existing 
robust backstepping controller. Future work will deal with the 
justification of the designed control scheme in a real system 
e.g., flight test under the consideration of both parametric and 
external uncertainties to prove the practicability of the 
designed controller in the true life. 
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 Abstract - MySQL is an open-source very popular RDBMS 
to store and manage data. But it faces difficulties of prolonged 
response time to handle big data. On the other hand, cloud is a 
perfect solution for managing and querying big data but it is not 
suitable to process small data due to delayed response time.  In 
this paper, we propose a cloud-based solution that will improve 
response time and performance of the system to handle big as 
well small data. We combine MySQL and cloud to store and 
manage all the data. We also focus on migration of data between 
MySQL and cloud. It is found that the proposed solution 
performs better than the only MySQL solution.    
 

 Index Terms – MySQL; Big data; Hive; Migration; Response 
time   
 

I. INTRODUCTION 

Performance is always an important issue for any kind of 
system. To function, a database server needs four fundamental 
resources: CPU, memory, disk, and network. If any one of 
these resources is weak or overloaded, then the database 
server is very likely to perform poorly [1]. The effective 
maximum table size for MySQL databases is usually 
determined by operating system constraint on file sizes, not by 
MySQL internal limits [2]. On Windows 32-bit platforms, it is 
not possible by default to use more than 2GB of RAM within 
a single process, including MySQL. This is because the 
physical address limit on Windows 32-bit is 4GB and the 
default setting within Windows is to split the virtual address 
space between kernel (2GB) and user/applications (2GB). 
Windows systems have about 4,000 ports available for client 
connections, and after a connection on a port closes, it takes 
two to four minutes before the port can be reused. In 
situations where clients connect and disconnect to and from 
the server at a high rate, it is possible for all available ports to 
be used up before closed ports become available again. If this 
happens, the MySQL server appears to be unresponsive even 
though it is running. Ports may be used by other applications 
running on the machine as well, in such case the number of 
ports available to MySQL is lower [3]. On the other hand, the 
amount of data produced by the users in the last few years is 
enormous. The systems that are running on MySQL are not 
really suitable for handling big data. Usually, the response 
time increases radially [4], [5].  

It is important to find a better solution for these types of 
systems to improve response time. Cloud computing can be a 
very good solution for handling huge amount of data. It brings 

remarkable changes in the IT industry. Cloud based system 
provides lot of advantages like fast automated recovery from 
failures, better performance, scalability, elasticity, etc. [6],[7]. 

Previously, Bezavada and Cheppalli [8] in their paper 
drew an analogy for data management between the traditional 
relational database systems and the big data techniques. They 
tried to find the business insights of current user records. Ionuţ 
[9] presented a set of best practices for moving PHP web 
applications from a traditional hosting to a cloud based one. 
Ruchi Nanda [10] focused on the study of different existing 
DBMS in the cloud computing domain. Rakesh et al. [11] 
showed the comparison between SQL and HiveQL. HiveQL is 
the query language for Hive. Dhurba [12] showed how hive 
plays an important role to manage petabyte level data in 
Facebook. Pushpalatha and sudhee [13] showed how Hive 
interface can help to process huge data easily. 

In this paper, we tried to improve the response time of the 
system by combining MySQL and cloud. Necessary 
conditions for combining MySQL and cloud are also 
discussed.  

The rest of this paper is organized as follows. Section II 
provides the methodology of the proposed system. Section III 
provides the experimentation, and finally, the conclusions are 
drawn in Section IV. 

II.   METHOD 

A. Data migration reasoning 
 Migration from MySQL to cloud requires huge 
reengineering. If we migrate the database from MYSQL to 
cloud there will be a development cost. The development cost 
may increase depending on the system complexity. More 
importantly not every system is suitable for migration. The 
systems that only use big data should use cloud only. 
Combination will not be beneficial if the systems do not use 
big data and metadata at the same time. Here the term “meta 
data” means the information we get by analysing big data. The 
necessary conditions for combination will discuss later. We 
can reduce reengineering cost by combining MySQL and 
cloud. The system will perform all the regular functionalities 
to collect data from clients and store them in MySQL. Data 
validation, concurrency control, constraints definition, 
security management issues will not be changed. The only 
thing needs to be noted that the transfer of data from MySQL 
to cloud after a specific time period. This period will be 
defined by the system admin. Admin will determine what type 

2016 International Workshop on Computational Intelligence (IWCI)
12-13 December 2016, Dhaka, Bangladesh

7 

mk64
Typewriter
978-1-5090-5769-6/16/$31.00 ©2016 IEEE



of data will be transferred to cloud. As the data is transferred 
to cloud, query related to those data will be submitted to 
cloud.    
 

B. Necessary conditions  
As we said earlier, not every system is suitable for this 

solution. The systems that use metadata and huge client data 
are suitable for combining MySQL and cloud. Client data are 
the big data here. So these will be transferred to cloud. As 
cloud performs better on big data, metadata should remain in 
MySQL. Some systems use client’s data for further analysis 
and produce business reports or statistical outputs. These 
types of data also should remain in MySQL. 
 

C. Technology selection 
There are few cloud technologies that we can use to store 

migrated data. They are Hive, Pig Latin, and HBase. The 
selection should be done considering the kind of system we 
are using.  

Hive provides us data warehousing facilities on top of an 
existing Hadoop cluster. It supports parallel processing. Query 
Language popularly known as HiveQL which is similar to 
SQL. Schema definition is a must. User can create tables and 
store data in Hive just like MySQL. It provides us with 
various tools for easy extraction, transformation and loading 
of data. Hive is good for analysis. So systems that require 
analyzing data and generating reports, can use Hive [11], [12], 
[13].  

Pig Latin is a dataflow language. Programmers write 
scripts to process data. Data is processed using parallel 
processing technique. The schema definition is optional. Data 
is loaded to cloud before it is processed using pig. It is 
suitable for those who would like to use cloud as per demand. 
Data will be loaded to cloud using pig scripts [14], [15], [16], 
[17], [18].  

Hbase is a database that is used to store and retrieve data. 
HBase enables fast read and write functions with scalability. 
So HBase should be used when system needs random, real 
time read/write access to big data. It can be used for online 
processing system [19], [20]. For our example system, we use 
MySQL and Hive to prove the theory.  
 

D. Migration Proposition 
The data migration must be done carefully and efficiently, 

as it is the most important step. Errors must be checked. The 
migration flow chart is given in Fig. 1. In the flow chart, we 
used a term “upload_time” which is determined by system 
admin. Upload time is the time when MySQL table data will 
be migrated to hive.  

During the configuration time, system admin must set the 
value of upload_time. This will also determine the frequency 
of data migration from MySQL to cloud. When the system 
starts, it will check the upload_time and if the current_time 
matches the upload_time then data will be migrated. We used 
CSV files to hold data temporarily during migration. Hive can  

easily read data from CSV files. After the successful 
migration  

 
 

               Fig 1: Data handling flow chart of the proposed migration model 

data will be deleted from MySQL and CSV files. 

III.   EXPERIMENTATION 

To test the theory, we used a demo project “Patient health 
history management” that stores and manages patient health 
records and simple metadata related to patients [total number 
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of cancer affected patients in the previous year]. We did 
experimentation ranging data records from 1200 to 309600 
using the following three different types of query. The 
database is designed and developed by us and is available 
upon request.  

Database schema: Table name (fields) (approximate size of 
one record) 

user (id, firstname, lastname, address, nid, father_nid, 
mother_nid, DOB, blood_grp, active, telephone, gender) 
(One record requires around 154B) 
doctor (id, user_id, educational qualification, hospital, 
experience) (One record requires around 3.52KB) 
health_history (id, user_id, doctor_id, date, type_of_disease, 
description) (One record requires around 1.15MB) 
medical_reports (id, health_history_id, report, summary)  
(One record requires around 8.025MByte) 
user_summary (id, type_of_user, no_of_active_user)   
(One record requires around 5.33KB) 
health_record_summary (id, type_of_disease, year, 
no_of_patient) (One record requires around 5.33KB) 
 
Machine configuration: 
For MySQL: Application server (Apache Tomcat 7), 
Processor 2.20GHz, Memory 4GB 
For Hive: 2 Laptops (2.20GHz, 8GB RAM) 
 

Fig. 2 shows the result of the first query. First query is a 
complex query which requires three join operations. It 
enquires for the patient detail health history and all the 
medical reports related to patient. Surely this type of query 
will have to handle the big data situation at some point of 
time. We tested the query response time for both MySQL and 
Hive. MySQL performs better for smaller table size. But when 
the size grows with time, Hive starts to perform better. When 
the data size is greater than 208800 records, Hive response 
time is better than MySQL.  

 

 
Fig. 2: Big data query for a single patient detail with health history and 
medical reports. 

Fig. 3 shows the result of the second query. Second query 
used two join operations. This will list the patients treated by a 
specific doctor. It is much simpler query comparing to the first 

one. But it will also face the big data situation. When the data 
size is nearly 259200, Hive performs better than MySQL. The 
greater the data size, the better the Hive’s performance. 

 

 
 Fig. 3: Big data query for a single doctor with list of patients treated.  
 

Fig. 4 shows the result of the third query. Third query is 
on metadata and the record size is 309600. We analysed 
patient data and stored these in another table. This is a very 
small table. From these analysed data we get the statistical 
information. The query is the simplest one - not a big data 
related query. It will get the number of cancer affected 
patients. The query will not require any join operation. As the 
table size is not big, MySQL needs only fraction of a second 
but Hive needs more than 5 seconds. So, MySQL 
outperformed Hive on metadata queries. 
 

 
 Fig 04: Meta data query for total number of cancer affected patients.  

 

A methodology may revive. 

 

IV.   CONCLUSION 

In this paper, we combined MySQL and cloud to handle 
the systems that use big data and metadata at the same time.  
Results showed that the response time gets better when we 
combine MySQL and cloud. From the above, we can see that 
response time gets better for Hive with the increased data size 
and complex queries. MySQL performs better for small data 
and simpler queries. Systems those require complex query 
processing and huge data management process may use this 
solution with an ease. We have not tested our solution under 
various conditions (for example, big data sample, big cluster 
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size, powerful MySQL server) yet. In the future, we will test it 
for different situations and much bigger data sample.    
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Abstract — In continuously upgrading world, women belief in 
their self-worth. They have the same participation like men in 
almost every sector of life. But lives of women have become so 
vulnerable these days. Security of their lives is one of the burning 
questions. Everywhere they have to face unwanted incidents. 
Considering all the incidents towards female, this idea of 
Bluetooth security device aligned with an android mobile 
application came in consideration. During crisis, women just to 
press button from that security device and an automatic message 
of the victim’s location information will be sent to selected 
numbers through the application. An automated message will 
also be sent to the nearest police station. Moreover a voice call 
will be sent to the first number of contact list. 

Keywords—Security; Bluetooth; location; button; application  

I. INTRODUCTION 

In modern era believes in women empowerment. Women 
are contributing in every sector of the country. But today 
female’s security at night and even at day time is big concern. 
Most of the time, they are in the victims and the criminal stays 
free. Rape, acid violence, dowry related violence, sexual 
harassment, mug etc. are very common indecent in our 
country, which is a very shameful fact. Every day these 
situations are found in the daily newspaper whose are full of 
violence against women.  

The result of VAW Survey 2011 identified that as many as 
87% of currently married women have ever experienced any 
type of violence by current husband and 77% reported any 
type of violence faced during the past 12 months from the 
survey time. The higher percentage of any type of violence is 
predominantly contributed by psychological violence. Almost 
90% of those who have ever violated by current husband have 
the past 12 month’s experience of violence which implies the 
persistence nature of violence by the spouse.  

Besides, a survey is conducted to measure the Gender-
based violence in [1].  According to this survey, it is seen that 
in Bangladesh 66% of married women are experienced 
violence by current as well as previous husbands, while 98% 
have ever been violated by either current or previous 
husbands. So, overall survey depicts that the women security 
has become very essential.  

In this section provides a descriptive summary of some 
technique that have been implemented and tested for women 
security. The Dhrubajyoti Gogoi et al. [2] proposes an 
Android Based Emergency Alert Button system which 
describes about an SOS application developed in android 

platform. The uniqueness of this application apart from other 
SOS application available is that the user need not spent time 
navigating inside the phone menu; unlock the screen, to 
trigger the service.  

Jorge Zaldivar et al. [3] propose a method providing 
Accident Detection in Vehicular Networks through OBD-II 
Devices and Android-based Smartphone. Alexandre Bartel et 
al. [4] introduced automatically securing permission based 
software by reducing the attack surface: an application to 
android was proposed.  

Sharma et al. [5] describes an android application which 
interprets the message a mobile device receives on possible 
intrusion and subsequently a reply (Short Message Service) 
SMS which triggers an alarm/buzzer in the remote house 
making others aware of the possible intrusion. 

After analyzing all the ideas, an idea is emerged which is 
very helpful for women for helping themselves. This work 
consists of an android mobile application and a Bluetooth 
security device. The individuality of this application apart 
from other application available is that the user does not need 
to spent time to unlock the screen, open the application to 
search inside the contact list to make voice call and write 
message. At the emergency situations, user can directly press 
the button of the ring and thereby, a signal from the device 
will be received by the android mobile. After receiving signal 
an automatic message of their location information will be 
sent to selected numbers through the application and also a 
voice call will be sent to one of the predefined numbers. Many 
applications and device available which sends a custom 
message to the predefined number but not the location of the 
user .This feature of the application not only helps to find the 
exact location of the person in problem but also will help the 
nearest police to trace the location of incident immediately. 

The paper is organized as follows. In Section II proposed 
work is described. In the next section performance result is 
explained. The paper is concluded in Section IV. 

II. SYSTEM IMPLEMENTATION 

In this section, described the system work flow in details. 
The flow diagram shows the main target of this work. The 
working flow is divided into five major parts that are: 

1) connecting the security device with the mobile  android 
application, 2) security device signal process by the mobile 
application, 3) retrieve the GPS location, 4) retrieve  the 
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emergency contacts, and 5) finally, message and voice call  is 
sent to the selected contact numbers with the victim’s present 
location.6) also, sending message to the nearest police station. 
The workflow of the proposed work is shown in Fig. 1.    
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Fig 1. Workflow of the proposed system. 

A. Connecting  security device with the mobile application 

In the initial stage, the security device has to be turned on. 
Then android mobile need to be discovered the device. And 
complete the pair to the android cell phone. It requires security 
code to be paired to make the connection secured. Fig. 2 
shows the Bluetooth device which sends the signal. The 
Bluetooth device is in the finger ring. It will be activated when 
the finger ring is pressed.   

B. Security device signal process by the mobile application 

This section describes the procedure of the mobile 
application that process the signals come from the security 
device.  The security device has a button for sending signals to 
the mobile application. At the emergency situation, the user 
will press the security button and it will send a signal to the 
mobile application. The mobile will receive the signal. After 

that, the mobile application performs the operation to send the 
user information to the predefined contact lists. For that, the 
mobile application has to be retrieved the GPS location of the 
user android smart phone.  

C. Retrieve the GPS location 

 In this section describs the process of retrieving the GPS 
lication from the user’s current locaiton through the android 
mobiel applcation. For this step, user needs to keep smart 
phone’s GPS on. As soon as, the application will get the signal 
from the security device which is in the user’s finger ring, it 
will start its main work on it. The application will retrieve the 
GPS location of the user’s present location. Fig. 3 shows  
result of  retriving  user’s GPS location.  

 
 

Fig 2.  Retrieve the GPS location of the user’s current location. 

D. Retrieve the emergency contacts 

This section described the process of retrieving the specific 
number of emergency contacts from pre define contact list. 
After getting the GPS of user’s current location, the mobile 
application will retrieve previously defined emergency contact 
numbers. User can add as much number as the user want and 
modify it later on. Fig. 3 shows the customized contact list. 
When user press the security device, the current location of the 
user will be send to those contacts that are in the top of the 
contact list. The number of the contact to which the message 
will be send is defined by the user. However, voice call will 
only send to the top of the contact number. That means, voice 
call is passed only one contact number and message will be 
send a list of the contact number that is defined by the user.  

 
Fig 3. The customized contact list. 
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E. Passing message  and voice call to the pre-difine contacts  

This section defines the procedure of sending the message 
to the pre selected contact list. For that, current location of the 
GPS is retrieved and the contacts are selected in the previous 
section. Now, mobile application appends the retrieval user 
current location GPS link to the predefined alert message. 
Then the message will be sent to the emergency contacts that 
are selected previously. User can modify the message also as 
per user’s personal situations.  

To access the message with user GPS location, the receiver 
also needs to keep his mobiles GPS on to get the location and 
direction towards it. Fig. 4 shows the message received by the 
receiver of specific contact list. After receiving the user 
message, the receiver just accesses the link to see the user’s 
current location through the GPS system. From this GPS 
system the receiver can take necessary action to save the 
victim.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig  4. Sending message to the pre define contact numbers. 

Fig. 5 shows the direction towards the victim’s current 
location. According to the figure, the receiver retrieves the 
current location of the victim after opening the getting 
message which shows direction of victims via Google map. 

 
Fig 5. Direction towards victims’ location. 

After sending the message to the pre-defined contact list, 
the application sends a voice call to the top contact number 
shown in Fig. 6. It is an automatic process of this application. 
When application completes the message sending task, it is 
automatically forward a voice call to the specific number. 
From this voice call the receiver can understand the current 
situation of the victim. The receiver also gets the message with 
user’s GPS location, so the receiver can take action to help the 
user according to the situations.   

 
 

Fig 6. Sending voice call to the top contact number. 

F.  Sending message to the nearest police station 

After sending the voice call the location of the nearest 
police station is traced. The direction of the police station is 
shown in Fig. 7 and the customize message is shown in Fig. 8. 
A customized message is also sent to the nearest police 
station. 

 
 

Fig 7. Location of the nearest police station 
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Fig 8. Sending customized message to the nearest police station. 

III. PERFORMACE ANALYSIS 

This section explains the performance analysis of the 
proposed system. The criterion that is considered in this 
section is the distance between the security device and android 
phone. This criterion is selected because of during the 
accidental situation the phone in which the application is 
running would be thrown away from the security device.    

In the experiment it is tested whether it’s getting the signal 
from different distances and sending the message and voice 
call to the correct contact numbers. The experimental result is 
shown in Table I.  

TABLE I.  PERFORMANCE ANALYSIS  CONSIDERING DISTANCE 

Distance
(m) 

Different Parameters 

Signal Location Message 

2 Yes Found Sent 

5 Yes Found Sent 

8 Yes Found Sent 

10 Yes Found Sent 

12 No Not found Not sent 

14 No Not found Not sent 

From the experimental result it is seen that the mobile 
android application recognized the security device signal 
efficiently with in the distance of 10 m. After that it is not 
recognized the signal from the security device. So, it is ensure 
that the system working perfectly within 10 m.  

IV. CONCLUSION 

 In this paper a very generic approach is presented to 
reduce the attack on women and ensure the maximum security 
if this security device is used in extensively, it can be possible 
to reduce the violence towards the women and provide them a 
safe and secured life. For this system, user’s need a security 

device made of Bluetooth device and an android mobile 
application. The proposed system works properly with the 
distance between the security device and the mobile phone is 
10 m.  

Yet, the system has some limitations. Both sender and 
receiver need to keep the GPS on. The system not working 
properly with the distance between the security device and the 
mobile phone is more than 10 m.  
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Analyzing MRI Segmentation Based on Wavelet and 
BEMD using Fuzzy C-Means Clustering 

 

 

Abstract - Segmentation of images means a great matter for 
the medical field treatment purpose. For the extraction of brain 
polyps, magnetic resonance image (MRI) processing contributes 
in a wide range. Usually it works in two ways: white matter and 
gray matter. The extraction of any type of issues helps in 
submissions of image segmentation like in medical report 
analysis, in preparation of radiotherapy, in formation of medical 
treatment etc. The main purpose of this paper is the Fuzzy C-
Means (FCM) clustering exploitation by the help of Wavelet and 
Bi-dimensional Empirical Mode Decomposition (BEMD), as for 
the aim of improving the eminence of MR noisy images. To gain 
the best image segmentation method, in this paper the signal to 
noise ratio (SNR) rates were calculated by the data set of FCM 
clustering. As in the medical term of MRI segmentation, the 
experiment has done with synthetic WEB Images of brain that 
has verified the robustness and proved with efficiency with the 
applicable approach. 

Keywords - Image segmentation; Magnetic Resonance Imaging 
(MRI); Fuzzy C-means; SNR; Wavelet; BEMD 

I. INTRODUCTION 

In the area of image processing, joint space-spatial 
frequency illustrations have gained spatial consideration and it 
also happens in vision and pattern recognition sector. For 
medical image analysis purpose, Magnetic Resonance Imaging 
(MRI) segmentation is a very stimulating and substantial 
phase. This step helps in various medical treatment purposes. 
MRI is a nonintrusive process as it is functioned for 
identifying internal muscles and organs.MR images have very 
different nature and it doesn’t have any linear features. Partial 
volume effect (PVE) is an issue which defines that a pixel can 
contain more than one tissue. MR images performance can be 
affected by PVE and this can occur as of blurred frontier 
between relic passions of the similar tissue as over the spatial 
domain it is not constant of image as well as geometric 
distortion [5]. 

With the aim of developing the requirements for the MRI 
segmentation, researchers and scientist have been developed 
many segmentation methods over past few years. 
Identification of tissues and organs from the MR images is the 
main problem in segmentation. To solve those problems some 
spontaneous works have been done and those are described in 
the literature review segment. The main objective of MR 
image segmentation is to define the measurements of lesions, 
tissues, as well as organs existent in an image obtained from 
the patient. The segmentation measurements and the changing 
of those results with respect to time may help in the phase of 

patient treatment. It also helps to analysis and diagnosis 
forecasting of patients over exploration. 

In a precise image segmentation process also helps to 
identify region of concern. The foremost approach of 
segmentation is to make image supplementary simple and 
expressive. 

There remain many classification techniques in medical 
image segmentation but there is not any standard classification 
technique. On the basis of commonly used technique, the 
classification is done into various attitudes like as region based 
segmentation techniques which are sight for region 
recognition from the particular properties [6], another basis of 
physical evidence for irregular as well as regular tissues [2]. 
The Edge base segmentation techniques that are identified the 
edges among the sections of the image with the various 
features [7]. The knowledge based methods i.e., artificial 
neural networks. Other methods are based on data fusion 
method [1][9], based on Hybrid Method [4] and Random 
Markov method [10]. 

In some times the FCM is being used for the image 
segmentation. This is a multi-resolution process employed by 
the discrete wavelet transform (DWT). It is one of the good 
methods used for image segmentation in real time. By this 
process firstly the features are extracted from image, and then 
perform the selection, and finally segmentation is performed 
using the K-means clustering algorithm.   

Fuzzy C-Means (FCM) based on image segmentation 
method had been applied in [11]. There proposed an algorithm 
which defined the size of window dynamically as for mining 
apposite inclusive spatial data from images. Moreover, 
without adding any penalty term there used the standard 
objective function of FCM. For describing one of each pixel 
clearly there used an n-dimensional feature. That method 
showed satisfactory results on real images but it failed in 
classification of five classes (i.e. background, cortical bone, 
malleable jawbone, adipose flesh and muscle) in the MRI of 
thigh. 

Empirical Mode Decomposition (EMD) image function is 
operated in [12]. Bi-dimensional Empirical Mode 
Decomposition (BEMD) usually used in image segmentation 
of MRI and CT scans. By using the simple fusion rules, the 
fusion of the generated Bi-dimensional Intrinsic Mode 
Functions (BIMFs) are done. They had done comparison of 
the BEMD based fusion results by two efficient synthesis 
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techniques: wavelet fusion and curve let fusion. BEMD 
performance had been calculated by using three well known 
synthesis image quality matrices; i.e., Peak Signal-to-Noise 
Ratio (PSNR), Mutual Information Parameter (MIP) and 
Structure Similarity Index Metric (SSIM).  

In [13], worked on the image processing technique that is 
Wavelet for MR and CT scan image decomposition. That 
method involved de-noising of the images. For that, there used 
wiener filter that removed salt and pepper noise. Their main 
aim of image de-noising was noise reduction and feature 
preservation. In there, wavelet transformation was done by 
wavelet filters. They used different wavelet transformations 
i.e. Daubechies, Symlets, and Coiflets for gaining optimal 
results from the input images. But for noisy MR images this 
method didn’t worked so well as like for CT scan images. 

Work on brain tumor segmentation by using improved 
FCM has been done in [14]. In the paper, for decreasing noise 
ratio and to increase the contrast level there had preprocessed 
the test input images. Then the work was done on the 
segmentation of brain images by improved Fuzzy C-Means 
(FCM) algorithm to display the abnormal activity like growth 
of tumor. After that, texture features (GLCM) had removed 
from the images. In that extraction phase, for various distances 
and directions the calculation of statistical measurements had 
been done by gray level co-occurrence matrix. But there main 
disadvantage occurred in the edge detection of tumor as they 
can’t sharpen every single pixel at a high contrast.  

In [15], proposed a method for MR image segmentation by 
using the Wavelets and FCMs. The work is based on the 
image segmentation obtained by MRI is a challenging task as 
for the inherent signal noises and in homogeneity. Discrete 
Wavelet Transform has been applied to MRI image to excerpt 
great details and after some dispensation on high pass image. 
Their proposed method includes the FCM dissection algorithm 
functional to the Kirch’s edge detection mask wavelet 
transformed image that used to increase the edge feature in the 
image. In the paper, authors are worked with hybrid method 
with help of wavelets and Fuzzy C-means. They extracted the 
high filtered image with the help of wavelets and Kirch’s edge 
detection mask that had been applied to intensify extra brink 
specifics that afford satisfactory edge facts. Usually MR 
images are dispersed; incorrect brink collection can cause 
absconding polyp portion or tab a lot in decent physical forms 
as polyps. These types of methods are not that much 
dependable. For human body, it provides improved imagining 
of soft muscles. But only along the Discrete Wavelet 
transformation (DWT) is not much effective because the 
discrete value can miss some important value which may be 
useful for the survey. 

For the segmentation of MRI, clustering is the most 
functioning or exploitable technique. Clustering used to 
classify pixels into curriculums and it does not have any idea 
of previous evidence or exercise. It categorizes pixels 
interested in the same class with maximum possibility. It may 
discover unsystematic pixels which do not have any class 
probability. The working out of clustering techniques has done 
by means of pixel structures with possessions of every session 
[16]. 

In this paper proposed a method to determine the best 
technique from the two decomposition techniques i.e., 
Wavelet and BEMD. These techniques are used before 
applying the image clustering technique i.e. FCM on MR 
images. For that, firstly apply the decomposition technique on 
the input MRI image. After that, FCM clustering technique is 
used on the outcomes of the decomposition techniques. 
Finally, calculate value of SNR to select the best segmentation 
technique from the segmentation approaches.   

The paper is arranged as follows. The proposed framework 
is explained step by step in Section II. In Section III, the 
experimental results are described. Finally, the conclusion is 
given in Section IV. 

II. PROPOSED METHOD 

In this section describes the proposed method which is 
about the segmentation of MRI brain images with signal noise 
ratio. In the proposed methodology two important phases have 
involved i.e., extraction of features and clustering techniques. 
Extraction of feature process has done by Wavelet 
decomposition (2D) and BEMD. The working criterion of 
wavelet decomposition has divided into two segments i.e. 
outputs in low pass and outputs in high pass. The low pass 
values are the estimated elements and the high pass values are 
the exhaustive elements. In images Dubechies-1 (DAUB1) 
Wavelet is employed to acquire the wavelet features. The 
extraction of the feature has done in both Wavelet as well as 
BEMD decomposition. The results from the decomposition 
techniques are given into FCM which is functioned as a vector 
of the feature. That result was gained from the previous 
clustering step. The outputs of the MR images are divided into 
white and gray matter segments. After that, the value of the 
SNR is calculated for segmented output. Finally, determines 
the best segmentation technique based on the SNR value of 
the MR image.  Fig. 1 shows the proposed method.  

 
Fig. 1. The proposed method. 

A. Wavelet Decomposition 

The wavelet transform which is based on the Fourier 
transform is used in the image processing. This technique is 
becomes even more easy to transfer and analyze and also 
easier to compress the MR images. Wavelet Transformation 
(WT) characteristics share properties which is the basic 
functions of the family, mostly limited provision for the 

2016 International Workshop on Computational Intelligence (IWCI)
12-13 December 2016, Dhaka, Bangladesh

16 



frequency domains and unique domains as well as scalability. 
In this family, there provides Haar, Coiflets, Biorthogonal, 
Daubechies, Reverse Biorthogonal, and Symlets. In this 
research paper, the family of Daubechies is used functionally. 
In the signal and image processing applications like 
segmentation, classification, de-noising and compression, 
Daubechies family is widely used. 

The input MR image, wavelet decomposition of input 
image, and wavelet reconstruction to input image from 
decomposition image are shown in Fig. 2(a), 2(b), and 2(c) 
respectively. 

 																												(a)																																											(b)																																										(c)	
Fig. 2. Processing experiment of wavelet decomposition and construction: a) 
Input MR image, b) Wavelet decomposition of MR image, and c) wavelet 
reconstruction of MR image. 

B. Bi-dimensional Empirical Mode Decomposition(BEMD) 

The EMD method has been established in [17], it is an 
algorithm of signal processing which has been recognized to 
be capable of perfectly exploring adaptive, non-stationary, and 
non-linear data by gaining regional structures as well as time-
frequency distribution (TFD). For that, firstly decomposition 
of data/signal has done perfectly into its intrinsic mode 
function (IMF), in the next step finds the TFD of the 
signal/data from each intrinsic mode function with the help of 
utilization of the instantaneous frequency and Hilbert 
transform. The Hilbert-Huang transform (HHT) [17] is known 
by that process of above. The Bi-dimensional EMD (BEMD) 
technique is the process of two-dimensional (2D) data/images 
in a decomposition method. 

The BEMD method is used in this paper based on IMFs to 
de-noise and decompose the MRI with the weighted threshold 
value of IMFs. After applying this method in the MR image 
the image noises are distributed in the different frequencies 
mainly high as well as intermediate frequency.  The shifting 
procedure is used to attain the frequency elements in the 
image. 

A sampled signal decomposes the selecting method by the 
EMD. This process is created by two obligations. The IMF has 
equal quantity of zero crossings as well as extrema in first 
process. In second process, respect to the local mean, IMF is 
symmetric. Also, it accepts those have two extrema at least. In 
the final stage, de-noising is achieved by reconstruct the 
source image. It is also mentioned that the segmentation 
quality is influenced by smoothness of the image data. Fig. 3 
shows the experimental example of BEMD on MR images. 
Here, 48 iterations are performed for IMF to achieve the 
required response. 

C. Fuzzy-C Means (FCM) 

In image segmentation, FCM procedure is an 
unsubstantiated technique of clustering. FCM idea depends on 

two or more clustering data classes only by recognized amount 
of courses. 

 
Fig. 3.  Processing experiment of FCM: a) Input MR image, b) IMF 
(1,...,6,…,12,…,20,…,48),…,  residue image, and c) reconstructed MR Image. 

 

FCM algorithm is based on the minimization objective 
function shown in bellow. ܬ(ܷ, ܿଵ, ܿଶ, … , ܿ) = ∑ ܬ =ୀଵ ∑ ∑ ୀଵୀଵݑ ݀ଶ               (1) 

here, the value of u is within 0 and 1. The value of the 
cancroids cluster I is define as   Ci , the distance of the 
Euclidean between  ith and jth cancroids data point is dij. The 
weighting function is m[1,∞].   The identified data sample of 
Fuzzy portioning is approved by optimization objection 
function which is the iterative process shown in bellow. ݑ = ଵ∑ ቆೕೖೕቇమ (షభ)⁄ೖసభ                                                        (2) 

ܿ = ∑ ௨ೕ௫ೕೕసభ∑ ௨ೕೕసభ                                                                   (3) 

The stopping moment of this iteration is ݉ܽݔቄ|ݑ(ାଵ) − ()|ቅݑ <∈                                             (4) 

where, the value of the termination criterion within 0 and 
1, the iteration step is k. The local minimum is Jm. 

 																				(a)																																												(b)																																											(c) 
Fig. 4. Processing experiment of segmentation: a) Input MR image, b) 
segmented MR image using Wavelet & FCM, and c) segmented MR image 
using BEMD & FCM. 

III. EXPERIMENTAL RESULTS 

The experimental results of some stair images are 
explained in this section. The experiments were instigated on 
MRI web images in MATLAB environment. The MRI 
generated by various percent of noise that are 0%, 2%, 4%, 
6%, 8%, 10% and with different parity of INU that are 0%, 
30% and 50%. All the experimental MR images are taken 
from the Brain Web Database. 

The Database is at the McConnell Brain Imaging Centre of 
the Montreal Neurological Institute, McGill University. Fig. 
5(a), Fig. 5(b), and Fig. 5(c) are shown the example the brain 
MR images.  
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        			(a)																																								(b)																																									(c)	

Fig. 5. T1 simulated brain web images: (a) MR sample 1 image, (b) MR 
sample 2 image and (c) MR sample 3 image. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The processing experimental example of smooth MRI 
sample image 1, sample image 2 and sample image 3 are 
shown in Fig. 6, Fig. 7, and Fig. 8 respectively. Another 
processing experimental example of Gaussian noisy MRI 
sample image 1, sample image 2, and sample image 3 are 
shown in Fig. 9, Fig. 10, and Fig. 11 respectively. In the all 
processing experiments apply the wavelet and BEMD with the 
FCM clustering.      
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The processing experimental example of 10% Salt & 
Pepper noisy MRI sample image 1, sample image 2, and 
sample image 3 are shown in the Fig. 11, Fig. 12, and Fig. 13 
respectively. In these experiments apply the wavelet and 
BEMD with FCM clustering.  

The segmentation presentation of evaluation in this paper 
is dignified with the Eq. (5). ܴܵܰ = ∑ ∑ (௫,௬)మಿసభಾೣసభ∑ ∑ ௌ(௫,௬)మಿసభಾೣసభ                                                      (5) 

Where, the input image is defined as ݂	(ݔ,  and the (ݕ
segmentation image is defined as	ݔ)ݏ,  .(ݕ

In this paper the best segmentation method is computed 
through the value of the SNR which is calculated by the Eq. 
(5). The value is calculated both for the wavelet and FCM as 
well as BEMD and FMC. The SNR value is calculated for the 
MRI smooth image as well as for the MRI image by adding 
10% salt & Pepper noise and Gaussian noise. The value of the 
SNR for the sample MR image 1, sample MR image 2, and 
sample MR image 3 is shown in Table I.    

TABLE I: SNR OF THE INPUT IMAGES 

Sample    
MRI 

image 

Input MRI with 
Smooth, Adding 
Gaussian and 10% 
Salt & Pepper noise 

SNR 

Wavelet & 
FCM 

BEMD 
& FCM 

1 

Smooth 1.0175 1.0977 

mean= 0 and 
variance =0.025 0.7749 0.7789 

10% Salt & 
Pepper noise 0.8692 0.8731 

2 

Smooth 0.4249 0.4259 

mean=0 and 
variance =0.025 0.6588 0.6654 

10% Salt & 
Pepper noise 0.5042 0.5241 

3 

Smooth 0.3992 0.3997 

mean= 0 and 
variance =0.025 0.6452 0.6472 

10% Salt & 
Pepper noise 0.4955 1.0011 

Fig. 15 shows the value of SNR for smooth MRI sample 
image 1, MRI sample image 2, and MRI sample image 3. Fig. 
16 and Fig. 17 shows the SNR value for these MRI images 
which are added by the noise of Gaussian and 10% Salt & 
Pepper respectively.     
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From the Fig. 15, Fig. 16, and Fig. 17 it has been seen that 

the SNR value for the BEMD and FCM i.e. BSNR shows the 
superior value for smooth and noisy i.e., Gaussian, 10% Salt 
& Pepper noise MRI image. According to this SNR value it 
can be mentioned that BEMD decomposition method is better 
with respect to wavelet method.     

IV. CONCLUSIONS 

The paper represents an efficient approach and strong 
evidences for MR image segmentation. For that, firstly 
decomposition method i.e. BEMD as well as wavelet are 
employed on the MR images for extracting the MR image 
features. After that, decomposition image is clustered by using 
the FCM algorithm. By this process the MR image is 
converted to segment image. Then, the SNR value is 
calculated from the segmented image both for BEMD and 
FCM as well as wavelet and FCM. By this SNR value better 
approach is detected. The best method has founded robust 
beside the various MR images. The processing examples with 
unreal Brain Web image which validated effectiveness as well 
as forcefulness of the superior methodology for the noisy and 
smooth MR images. In future, the research work will be 
extended through enhancing the segmentation performance by 
different version of segmentation technique for various types 
of noisy (white noise) MR images.      
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ABSTRACT - People nowadays cannot think of even a 
single moment without the internet. Doubtlessly, web 
applications are currently the key to all change in the world. 
The features and facilities of web applications make our lives 
easier and also demonstrate different channels of 
communication and exchange of data. The number of internet 
user is increasing day by day in Bangladesh. Web applications 
are not only encouraging internet users to easily receive 
diversified services, but also creating new opportunities in 
every business sector. With the help of web applications, 
businesses can easily enhance the quality of their services to 
consumers with minimal effort. However, at the same time, 
many threats have arisen as a result of the misuse of this 
technology. Cyber attacks could emerge as a major threat to 
the digital transformation of Bangladesh, given the 
vulnerability in web applications caused by careless coding 
during the development of such applications. During our 
review, we observed that the existence of Local File Inclusion 
(LFI) vulnerability in the web applications of Bangladesh was 
very critical. This paper explores in detail the harmful web 
application vulnerability attack, Local File Inclusion (LFI) 
based on Remote File Inclusion (RFI) as well as Structured 
Query Language Injection (SQLi), and their impact on the 
applications of Bangladesh.  

Keywords- Web Application Vulnerability; RFI and SQLi 
based Local File Inclusion (LFI); Remote File Inclusion (RFI) 

I. INTRODUCTION 

In the past four years, web applications have changed 
communications and information sharing systems of Bangladesh 
in unimaginable ways. Now approximately all sectors are trying to 
provide their services through web applications apart from their 
traditional channels in order to meet the demands of their 
consumers. More than 63 million people are using the internet in 
their daily lives for personal or organizational purposes. [14]  

Nowadays, the people of Bangladesh have gradually come to 
depend on the web for all kinds of online services. They are using 
web applications in various sectors for different purposes, such as 
online monetary transactions, payments of gas bills and electric 
bills, file sharing, online learning, online shopping, etc. Since web 
applications have become a mandatory daily need of users, there 
is a high risk that cyber criminals can exploit the weaknesses of 
such web applications. It has been observed in this study that most 
of the web applications have been developed in PHP language 
because of its prevalent and easy-to-develop characteristics. 

The web applications of Bangladesh are found to be insecure 
because of the careless use of functions, especially in the PHP 
language. Problems in coding result in different types of 

vulnerability inside the web applications. It has become a huge 
challenge to ensure the security of millions of existing vulnerable 
web applications. Proper security skills, however, would help the 
developer design a secure web application with minimal errors.  

Some common types of vulnerability occur in web applications 
like SQLi, LFI, RFI, XSS and so on. In this paper, we will focus 
on LFI exploitation based on RFI and SQLi. If a web application 
has some codes that will dynamically refer to an external script, it 
represents the existence of RFI vulnerability in the web 
application. In this case, the main target of the attacker is to 
exploit the referencing function so that they can upload malware 
(e.g. backdoor shells). This exploitation can occur from a remote 
domain. On the other hand, SQL Injection is the process that 
allows a user to insert data into the input field without proper 
filtering. In this case, intentional SQL commands are inserted into 
the server, and the output of the SQL command can be shown. 
Again, LFI is the exploitation of a web application by injecting a 
file that already exists in the web application. In this paper, we 
will discuss the above vulnerabilities and the techniques of its 
exploitation. 

This paper is organized into five sections: Literature Review is 
in Section II while LFI and its exploitation types, along with its 
working process, are respectively explained in Section III and IV. 
After performing data analysis, results and statistics are presented 
in Section V. The Conclusion is provided in Section VI. 

 

II. LITERATURE REVIEW 
A number of researches has been conducted on different web 

vulnerabilities, such as SQL Injection, XSS, CSRF, buffer 
overflow, broken authentication, local file inclusion (LFI), etc. 
[1], [2], [7], [8]. We have found some review on Cross-site 
scripting, State Integrity, Insecure Direct Object References, 
Failure to Restrict URL Access, Invalidated Redirects and 
Forwards, Insufficient Transport Layer Protection, Security Mis-
configuration and Insecure Cryptographic Storage vulnerabilities 
[11] [12]. Moreover, some analyses or surveys on the percentage 
of random vulnerable web applications were found [13]. A few 
studies on SQL Injection, XSS and CSRF have been conducted in 
the Bangladesh region [3], [4], [5], [6], [7], [9]. Although we did 
find some studies about LFI with a certain degree of perspective, 
we did not get a complete study about LFI vulnerability in 
Bangladesh. Our paper we will discuss the impact of LFI, based 
on SQLi and RFI vulnerability, on web applications in 
Bangladesh.  
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III. LFI, RFI AND SQLI VULNERABILITY 

A. Local File Inclusion (LFI):  

Local File Inclusion (LFI) is a web application’s vulnerability 
wherein it allows a user to include different files located in the 
web application on the server machine. This vulnerability can be 
oppressed through the exploitation of ‘dynamic file inclusion’ 
mechanisms implemented in the targeted web application. The 
vulnerability occurs due to improper use of programming built-in 
functions/methods and also because the user’s selected parameter 
is not validated and sanitized.  

Line 01: <html> 
Line 02: <body> 
Line 03: <?php 
Line 04: “include/”.include($_GET['filename'].“.php”);   // use of 
include() function  
Line 05: ?> 
Line 06: </body> 
Line 07: </html> 
 

Code 01: Example of LFI vulnerable code in PHP language 
 

Code 01 is an example of an LFI vulnerable code, which is 
implemented in PHP language. In Line 04, the statement allows 
the user to include any type of ‘.php’ file located in the web server 
machine. Using this, the user of that application can access several 
sensitive files that are supposed to be restricted for the general 
user.  

B. Remote File Inclusion (RFI): 

Remote File Inclusion (RFI) is one of the weaknesses in a web 
application by which it remotely accepts any type of user input 
e.g. code, command, etc. RFI vulnerability is almost the same as 
LFI except that RFI can only be directory writeable. This 
vulnerability occurs when a webpage of the application receives a 
path of a certain file to be included as input without ensuing 
proper validation and sanitized process during development. In 
our study, it was observed that this type of vulnerability usually 
exists in PHP/JSP and ASP scripts.  

 

C. Structured Query Language Injection (SQLi): 

SQLi is a code injection technique used to attack data-driven 
applications, in which tricky SQL syntax is inserted into a user 
field for execution. When a user’s input is incorrectly filtered for 
string, literal escape characters embedded in SQL statements get 
unexpectedly executed on the system. So, SQL injection allows an 
attacker to spoof identity, tamper with existing data, and/or 
modify or destroy the whole database system. 

Line01: UserName = getRequestString("UserName"); 
Line02: UserPass = getRequestString("UserPass"); 
Line03: SQL = 'SELECT * FROM USERS WHERE Name ="' + 
UserName + '" AND Pass ="' + UserPass + '"' 
Line04: database.execute(SQL) 
 

Code 02: Example of SQLi vulnerable code 
 

     Lines 01 and 02 are predefined variables for storing username 
and password of a user in Code 02. In Line 03 of the above code 
is the SQL statement for authenticating the user. Line 04 of the 
code is used to execute the inserted query or statement. If a user 
inserts ‘ ‘pass’ or ‘1’=’1--+- ’ in the password field, the code will 
execute in the program, as below: 

SELECT id FROM USERS WHERE Name= ‘username’ AND 
Pass =‘password’ or 1=1’ 

Since 1=1 is always truth, the server will execute the above 
inserted query against the database and SQL injection will occur. 
 

IV. TYPES OF LFI EXPLOITATION 

There are mainly two types of LFI exploitation techniques used 
in practice. However, LFI exploitation can be conducted in other 
two bases i.e. RFI and SQLi bases. In this paper, we will not only 
discuss the types of general LFI exploiting technique but also the 
types of RFI- and SQLi-based exploitation techniques. The details 
are explained as follows: 

A. General LFI Exploitation: 

 When attackers find the existence of the LFI vulnerability, they 
will figure out the list of the sensitive files e.g. /etc/passwd, 
/etc/user, /etc/shadow etc. with the intention to misuse. The LFI 
exploitation technique is categorized into the following two types: 

i) $GET Method Exploitations: 

For $GET exploitations, the infected URL may look like this: 
http://www.website.com/downloads.php? file=contact.php. To 
identify the LFI vulnerability of the above URL, the attacker will 
modify the parameter/ value of file as /etc/passwd like e.g. 
http://www.website.com/downloads.php? file=/etc/passwd. If the 
execution of the given modification replies the following code, it 
indicates that the site is LFI vulnerable.  

root:x:0:0:root:/root:/bin/bash  
bin:x:1:1:bin:/bin:/sbin/nologin 
daemon:x:2:2:daemon:/sbin:/sbin/nologin 
adm:x:3:4:adm:/var/adm:/sbin/nologin 
lp:x:4:7:lp:/var/spool/lpd:/sbin/nologin 
sync:x:5:0:sync:/sbin:/bin/sync 
shutdown:x:6:0:shutdown:/sbin:/sbin/shutdown 
User:/var/ftp:/sbin/nologin 
nobody:x:99:99:Nobody:/:/sbin/nologin  
dbus:x:81:81:System message bus:/:/sbin/nologin 
rpc:x:32:32:Rpcbind Daemon:/var/cache/rpcbind:/sbin/nologin 
usbmuxd:x:113:113:usbmuxd user:/:/sbin/nologin 
vcsa:x:69:69:virtual console memory owner:/dev:/sbin/nologin 
rtkit:x:499:497:RealtimeKit:/proc:/sbin/nologin avahi-
autoipd:x:170:170:Avahi  
SSH:/var/empty/sshd:/sbin/nologin 
tcpdump:x:72:72::/:/sbin/nologin oprofile:x:16:16:Special user 
account to be used by OProfile:/home/oprofile:/sbin/nologin 
sebl:x:500:500:sebl:/home/sebl:/bin/bash mysql:x:27:27:MySQL 

 
Figure 01: Example output of /etc/passwd file for LFI vulnerable site in 

case of parameter modification  
 

Figure 01 shows the example of the output of /etc/passwd file 
for LFI vulnerable site in case of parameter modification. In the 
reply, system discloses sensitive information like root user, 
password, SSH login credentials, etc. 

ii) $POST Method Exploitations: 

Developers usually design the data processing techniques 
through the HTTP POST methods to impose security features. 
Therefore, the user will not be able to easily view the 
transformation data. However, the intruder can view the data from 
session cookies and can perform LFI exploitation even in the 
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$POST method protection. The exploitation can be performed 
because of the improper use of different functions/ methods. In the 
cookies, this hidden filename information exists with other data in 
the format ‘ ?file=/etc/passwd’.  

Developers also store different types of files in different 
directories to ensure security. As a result, the attacker may not 
find the file that they are looking for. To bypass this type of 
security, the attacker will perform directory transversal query 
execution for getting the file they seek. The following simple 
command (../) is used to change the recent directory. 

? file=../../../../../.././../etc/passwd.namefile=nt 

 

B. RFI-based LFI Exploitation: 

RFI and LFI vulnerability are nearly similar except that RFI can 
access “/proc/self/environment” directory. Therefore, RFI 
exploitation will result in more harm for the web applications as 
compared to general LFI vulnerability. If the directory is writeable 
in the web applications URL, the attacker can modify the 
parameter as below. 

http://www.website.com/downloads.php?  
file=/proc/self/environment 

 

The site replies with the following code after entering the given 
modification in the URL of the web application. 

C. SQLi-based LFI Exploitation: 

Structure query language injection is a process to retrieve data 
from a database directly by inserting SQL queries from injectable 
perimeters and the data displayed on the web browser. For SQLi-
based LFI, exploitations are divided in two categories, as 
discussed below: 

i) Union Base Exploitation: 

The malicious syntax for exploiting LFI vulnerability is 
replaced by the vulnerable columns number that is shown in the 
browser during injection. 

http://www.website.com/downloads.php? id=10’ and false union 
select 1, load_file (‘/etc/passwd’), 3,4--+- 

After executing the above manual modification, the output will 
be in the web browser in a format like Figure 01, where the 
system discloses sensitive information like root user, password, 
SSH login credentials, etc. 
 

ii) Error Base Exploitation: 

Error base injections take advantages of poor error handling in 
the web application.[] For error base exploitation, it is not 
necessary to count all columns of the database of the web 
application. Some built-in functions like floor(), rand() forces the 
database to retrieve data from database with some limitations. The 
following is the example of error base SQL injection.  

http://www.website.com/downloads.php? id=10’ and OR 1 
GROUP BY CONCAT_WS(0x3a, 
’/etc/passwd’,FLOOR(RAND(0)*2)) HAVING MIN(0) OR 1--+- 

Here, concat_ws() function is use to concatenate multiple 
functions, floor() that returns a random floating point where 0x3a 
is the hex value of ‘ : ’. 

These query returns all the root passwords, the same as Figure 
01. The attacker will find the username and password from the 
database for SSH login. The password that the intruder receives 
from the output of query is usually encrypted in MD5 format. If 
the intruder can access ‘/proc/self/environment’, it will enable 
them to update/modify or insert malicious codes directly to the 
specific web server instead of the root user credentials. 
 

V. RESULTS AND STATISTICS 

In this study, we have formulated the sample size mechanism 
using a universal calculator, provided by G*Power 3.1.9.2. In this 
research, we examined 153 LFI vulnerable websites of 
Bangladesh. We found three types of LFI vulnerability in 153 
websites in the sample. We had chosen manual black box testing 
approach to collect data for this study. We analysed this dataset, 
based on LFI exploitation type, level of access in host system, and 
level of risk created by LFI vulnerability. The analysis is 
discussed below: 
 

A. Analysis of LFI exploitation type: 

Graph 01 shows that among 153 LFI-vulnerable web-
site/applications, 85 sites can be exploited by using the general 
type of LFI exploitation. RFI-based LFI and SQLi-based types of 
LFI exploitation were found in 17 and 51 websites respectively. 

 

Graph 01: LFI Exploitation Types 
 

We also found 78 websites could be exploited by $GET method 
whereas 7 sites can be exploited by $POST method in general LFI 
exploitations. 

 
 

Graph 02: General LFI Exploitation Type 
 

After analysing the above statistics, it was observed that a good 
number of Bangladeshi websites has been built without adequate 
protection against LFI exploitation during the development of the 
application. 
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B. Analysis based on level of access in host system: 

In this review, we have segregated the level of access into four 
categories that an intruder can achieve after exploiting the LFI 
vulnerability. The statistics are presented in Graph 03. Among 153 
LFI vulnerable websites, 77 websites can compromise their full 
access on the host system after the exploitation. Limited 
administrative access with modification privilege can be achieved 
in 24 websites. Access on /etc/passwd file could be gained in 33 
sites. Only 19 websites faced error messages. 

 

 

Graph 03: Level of Access in Host System 
 

c. Analysis based on the level of risk in creating LFI 
vulnerability:  

The risk level is identified by the impact of compromises in 
critical information that could be retrieved from the websites 
through LFI exploitation. We have categorized the level of risk in 
four different criteria i.e. Critical, High, Medium, and Low. The 
statistics of the given risk level are shown in Graph 04. In this 
dataset, 45% risk is considered Critical, since the intruder can 
obtain full access and control over the host server and in the web 
application’s admin panel. Here, 25% of websites are marked as 
High-risk, which can be exploited easily by the outsider ad will 
cause serious harm to the host server. In this review, 16% and 
14% sites are considered Medium and Low respectively in terms 
of risk involved after the LFI vulnerability is exploited. 
 

 

Graph 04: Level of Risk Caused by LFI Vulnerability 
 

VI. CONCLUSION 

In this paper, we evaluated 153 LFI vulnerable websites of 
Bangladesh. We explored RFI and SQLi-based LFI vulnerability 
and techniques for its exploitation in this study. We also figured 
out the impact in the case of exploitation of this vulnerability in 

the web applications of Bangladesh. This type of vulnerability is 
one of the most common weaknesses in the web applications, in 
which the attacker can easily misuse it by altering system 
resources/by running a shell script to obtain access to any 
confidential information. Our research in this area is a continuous 
process. We will conduct our investigation on different sectors of 
Bangladesh and we will also work on different solutions of this 
problem. Our observations about the existence of this 
vulnerability in web applications indicate the developer’s 
carelessness e.g. reducing parameter population, secure use of php 
functions like require(), include(), etc. The effects of the 
exploitation of this vulnerability can be alarming in Bangladesh if 
proper measures are not taken on time. Careful coding practices 
and regular monitoring during development of the web 
applications would minimize the risk of those silly mistakes that 
can create serious vulnerability in the applications.   
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Abstract-A flexible planar textile antenna suitable for wearable 
applications has been designed at 2.4GHz. The effects of the 
dielectric substrates of the micro strip antenna has been 
investigated. Such materials are: fleece, denim and Velcro. Both 
edge mounted and vertical mounted excitation configurations are 
considered. It is observed that for edge mount, micro strip line 
feeding, antenna with fleece provides highest gain (7.59dBi). 
However the impedance bandwidth with the same feeding is 
higher for the antennas with denim substrate (25%). Moreover the 
impedance bandwidth can be enhanced (36%) by using vertical 
feed. The numerical study has been performed using CST 
microwave studio. 

Keywords-Textile antenna, wearable electronics, radiation pattern.s 

I. INTRODUCTION 

 
In recent years, the area of wireless communications has 

exhibited a significant progress. Body centric wireless 
communications (BCWC) is one of the key contributors 
towards such expansion. Both the academic and industrial 
community have shown tremendous interest in this field. From 
health care to sports applications and even in the defence 
sectors BCWC flaunts its suitability. A scalable and robust 
body area network requires smaller and flexible antennas that 
can be placed near human body. Textile antennas provide 
logical solutions to such problems. These antennas are mainly 
composed of a conductive patch as radiating element attached 
to textile materials as dielectric substrates. This structure can be 
easily integrated into the clothing [1]. Such combination of 
microstrip with high impedance fabric surface minimizes the 
back radiation and make it more appropriate for on-body 
communications. Moreover they offer several advantages 
including low budget, short profile, and minimal weight.  
Over last few years different research works have been 
accomplished on textile antennas [2]-[8]. In [2] Massey has 
investigated a quarter wavelength patch antenna using copper 
plated rip-stop nylon as the radiating structure and foam as the 
substrate. In [3] and [4], fabric antennas are fabricated from 
knitted copper and from woven conductive fabrics respectively. 
In [5], [6] aracon and flectron are considered as textile 
substrates. However such antennas due to their knitted structure 
and expensive textile substrates do not provide much flexibility 
and high gain. 

 Therefore, the aim of this paper is to design and investigate a 
simple textile antenna with easily available and cheap fabric 
materials incorporated with a copper tape. To perform such 
operation, three fabrics are considered: fleece, denim and 
velcro. E-shaped copper tape can be integrated on to the 
substrate. Both the probe feeding and microstrip line feeding 
are incorporated in the study. 

II. SIMULATION SETUP 

The numerical study has been performed using CST 
microwave studio .Three sets of simulations are performed 
using three different textile materials as dielectric substrates: 
fleece, denim and velcro [9]. .A copper (annealed) conductor is 
used as the E-shaped patch. The graphical representation of the 
antenna with two feeding techniques are given in Figure 1 and 
Figure 2. 

 

 
Figure 1. E-shaped textile antenna fed by microstrip line 

 

Figure 2. E-shaped textile antenna feed by coaxial probe 
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The dimension of the substrate and patch are obtained from 
the equations (1-5) found from literature [10], [11]. 

                     

 
 

Here, fs is the Resonance Frequency; Wt is the Width of the 

Patch;	∈r is the relative Permittivity of the dielectric substrate; 
h is the thickness of the substrate; c is the Speed of light;	ߝeff is 
the effective relative Permittivity of the dielectric substrate; 
Leff is the effective Length; ΔL is the extension of the length 
and Lt is the length of the patch. 

 
Based on these formulae, the optimized values of the antenna 
dimensions are given in Table 1. Since decreasing the dielectric 
constant values of the substrate may enhance the resonant 
frequency [9] therefore the antenna dimensions for different 
substrates are kept different.  
 

Parameter Fleece Denim Velcro 
Wt 

( mm) 
121.9 109.6 115.5 

Lt 
( mm) 

109.1 93.9 10  

Gpf 1 3 1 
Fi 

( mm) 
16 16 16 

Wf 
( mm) 

4.065 4.065 4.065 

Table 1.Dimensions of the proposed textile antenna 

The dielectric constant and loss tangent of the substrates (given 
in Table 2) range from 1-1.6. 
 

Textile materials Fleece Velcro Denim 
Dielectric constant 1 1.34 1.6 
Loss tangent 0 0.006 0.07 

Table 2. Dielectric properties of the textile materials 

To consider the effect of the feeding technique two different 
types of feeds are used: edge mounted feeding and vertical 
probe feeding. The dimensions (width×length) of microstrip 
line and of the coaxial probe (RG174) are provided in Table 3. 

 
 
 
 
 

Feeding technique 
Microstrip line          Coaxial Probe(RG174) 

Dimension Width 
(mm) 

Length 
(mm) 

Parame
ter 

Inner 
conductor 

radius 
(mm) 

outer 
conductor 

radius 
(mm) 

value 4.065 45.5 value 0.24 0.99 

Table 3: Dimension of the microstrip line and Coaxial probe  

In edge mounted excitation a microstrip line is added to the 
E-shaped patch where the coaxial transmission is assumed to be 
attached at the edge of the substrate.  

In vertical probe feed, inner conductor of the coaxial line is 
considered to be passed through the textile material intersecting 
the microstrip patch. A RG174 SMA coaxial line is considered 
to be connected in this case. 
The location of the probe feed is selected at a point where the 
impedance matches. 

 

III. SIMULATION RESULTS 
 
Different parameters of the antenna are investigated in the 

concerned study. 
 

(A)S-parameter: The s11 values of the textile antenna are 
provided in Figure 3. Three different curves are obtained for 
three different dielectric substrates. It can be seen that the 
bandwidth are different for three different materials. The 
numerical values of the bandwidth and minimum values of 
return loss are presented in table 4. It is evident from the Table 
4 that denim causes the highest bandwidth. However the 
reflection coefficient is lowest for Fleece (-22.64 dB).Such 
difference occur due to the variation of dielectric properties of 
the textile substrates. Fleece having the lowest dielectric 
constant and zero value of loss tangent represent itself as the 
best candidate for textile antenna. 
 

 

Figure 3. Return loss of the three textile materials 

 
Textile materials 
Used in antenna 

Bandwidth 
(MHz) 

Return loss 
(dB) 

Fleece 45.6 -22.64 
Denim 58.6 -11 

Velcro 52.1 -17.75 

Table 4: Bandwidth and return loss values of the antennas with different 
textile materials 
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(B)VSWR: VSWR being a function of return loss indicates 
the effect of antenna mismatch .It is observed from the Figure 
4 that for all the textile substrates VSWR≤2 at 2.4 GHz. This 
indicates that only 10% of power is reflected back.  

 

 

Figure 4. VSWR of the of the antennas with different textile materials 

The VSWR of the antennas are given in the following table 5 

 
Textile materials VSWR 
Fleece 1.16763 
Denim 1.78345 
Velcro 1.31168 

Table 3. Minimum VSWR at 2.4 GHz 

Moreover, it is observed from Table 5 that minimum value of 
VSWR is achieved for Fleece and it goes maximum when a 
denim substrate is used. 
 
  (C)Radiation Pattern: The radiation pattern of the antenna is 
plotted in Figure (5), (6) and (7).  

 

 

Figure 5. Polar radiation pattern due to the fleece fabrics 

 

Figure 6. Polar radiation pattern due to denim fabrics 

 

Figure 7. Polar radiation pattern due to velcro fabrics 

It is observed that the beamwidth is highest for denim. But the 
gain values are greater for velcro and fleece. 
The directivity, radiation efficiency, gain values and impedance 
bandwidths are provided in Table 6. 

Table 6: Comparison of Antenna parameters 

Here textile antenna with fleece (fed at the edge) provides the 
highest gain of 8.59 dBi. The gain value is lowest for denim. 
However denim shows a high impedance bandwidth of 25%. 
The effects of feeding techniques are provided in Figure (8) and 
(9). A clear difference is visible for Microstrip line and coaxial 
feed. For microstrip line, due to fleece, the gain and impedance 
bandwidth are.7.59dB and 19% whereas for probe feed 9dB 
gain and 36% impedance bandwidth is achieved. 

Textile 
materials 

Band
width 
(MHz) 

Directi
vity 

(dBi) 

Radiation 
efficiency 

(dB) 

Gain 
(dBi) 

Impedence 
bandwidth 

(%) 
Fleece 45.6 8.4 -0.811 7.59 19 
Denim 58.6 7.44 -5.74 1.66 25 
Velcro 52.1 7.95 -1.39 6.56 22 
Fleece 

(Coaxial 
probe 
feed) 

84.64 9.12 -0.1375 8.98 36 
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Figure 8. 3-D radiation pattern for coaxial probe feed 

 

 

Figure 9.  3-D radiation pattern for microstrip line feed 

 

IV. CONCLUSIONS 

 
In this paper a flexible textile antenna has been proposed 
working at 2.4 GHz. Three different textile materials are 
considered as dielectric substrates. The maximum dimensions 
of the antenna with fleece as a dielectric constant is 
12.19X10.91cm2.Such antenna provides the highest gain of 
7.59dBi for microstrip line feed with an impedance bandwidth 
of 19%. On the other hand the impedance bandwidth of the 
antenna with denim has higher value with a very low gain of 
1.66dB.Among three cases, the antenna with velcro has an 
optimum performance with considerably good gain (6.56dB) 
and impedance bandwidth of 22%.The consequences of two 
feeding techniques are also taken into account. It is observed 
that vertical probe feed can enhance the gain to almost 9dB and 
impedance bandwidth can be doubled to 36%. Such flexible 
antennas would be easy and cheap to fabricate which makes 
them highly suitable for wearable applications. 
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Abstract— Lip features and contour detection is an important 
aspect of computer vision, having many application domains.  
This research conveys various aspects of the related topics and 
presents an elliptical mathematical approach followed by image 
processing methods such as morphological operation to extract 
lip contour. Lip contour detection starts from mouth area which 
is segmented from face image area and then it fits an elliptical 
contour on lip area by evaluating image features such as edges 
and corner points thus identify lips and its properties. Later 
morphological approach is introduced to eliminate and 
compensate contour points. This application is suitable to run on 
embedded electronic devices specially considered Advanced 
RISC Machine, well known as ARM. Face detection itself a 
complicated task thus core application perform several image 
processing steps to define face area properly. In the domain of 
Human Computer Interface System human skin color is 
determined by using color map. This is also a necessary 
component for face area detection. This research conveys 
necessary information regarding this issue such as color space 
and classification which have pivotal role to define Lip Contour 
from a detected face area.    

Keywords— lip contour; ARM processor;  elliptical model; skin 
color map; morphological processing; computer vision; human 
computer interfaces 

I.  INTRODUCTION  

Many computer vision applications require Lip Contour 
detection mechanism or Lip Features extraction capability to 
serve their purposes. Human expression recognition, intelligent 
video conference system etc. can be considered potential 
sectors where lip contour detection and changes of the contour 
properties therefore lips movement play a significant role to 
formulate a solution. In these mentioned Human Computer 
Interface Systems, human presence in a video frame or in an 
image plays a pivotal role. If a system becomes incapable to 
detect faces, it will fail to perform other steps as well. Skin 
color map, a color map to distinguish skin, has a significant 
importance here and it is a complex domain itself due to skin 
color varies from man to man. There are significant research 
has been taken in this area to identify and unify skin color 
model globally [8][9]. Moreover, embedded electronic system 
and devices have achieved an enormous development. 
Currently multi core embedded devices are available at 
reasonable price. The reference model considered Reduced 
Instruction Set Computing (RISC) architecture based processor 
which is well known as an Advanced RISC Machine (ARM). 

This paper proposed an elliptical mathematical approach to 
identify lip contour and run over ARM embedded processor. 
To obtain image at run time, system utilize video frame. 

System captures video frame through the attached Universal 
Serial BUS (USB) camera and recognize human face in the 
image, a run time captured video frame. To justify face area 
and before proceeding other steps, detected face area is 
evaluated with skin color model as well. After successful face 
detection, for each face, mouth region is cropped. Edge 
detection mechanism then takes place and later edges are 
evaluated to find corners point, a point where neighbor pixels 
have different rotational angle. Using these corner points, 
mathematical approach has been obtain which also validate 
each edge features corresponds to lip feature. Finally   
morphological operation takes place to eliminate and 
compensate contour points.  Model system has been tested with 
embedded ARM Linux Board which is equipped with a USB 
camera. 

This paper is organized as section II. illustrates literature 
overview of related technologies and theories, section III. 
illustrates Working methodology, system implementation and 
achievements, Section IV. Results and Discussions and finally 
section V. contains conclusion which describes possible uses 
and achievements summary.  

II. LITERATURE 

A. Embedded System Board 

An embedded system board basically consists of 
computational unit known as central processing unit, 
peripherals and internal component such as register and 
memory. Modern embedded system board support various size 
of memory from some Mega Bytes to Giga Bytes. Every 
processor’s architecture follows a defined set of Instructions, 
known as Instruction Set Architecture (ISA).  

ARM processor supports Reduced Instruction Set 
Computing (RISC) architecture [1]. This research tested on 
ARM 32-bit RISC processor. Apart from the processor 
architecture, embedded system board usually consist Operating 
System also known as kernel. Presently, there are many Linux 
based Operating System exists, more common are Debian 
based operating system, OpenSUSE, ARCH Linux. Operating 
System provides a way to use embedded board and processor 
as a whole. The research concern about the peripheral and 
networking stack of Operating System due to image capturing 
devices can be accessible through Networking Protocol e.g. 
Hyper Text Transfer Protocol (HTTP) or direct access via 
device peripherals such as Universal Serial Bus (USB). 

B. Color Domain  

Color Space contains color values by defining different 
color components. Usually a color is often referred to RGB 
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color space, where R is referred to Red color component, G 
stands for Green color and finally B components represents 
Blue color components [8]. Apart from this color space several 
color space such as HSV(Hue, Saturation, and Value), HSI 
(Hue, Saturation, and Intensity) or YCbCr color space are 
considered and have a pivotal role in image processing scope. 

Opting a color space is an important step for skin color 
discrimination. Research shows YCbCr have better effect to 
detect skin pixel or nonskin pixel [2][8] where Y stands for 
Luminance, Cb stands to Chromatic blue and Cr corresponds to 
Chromatic red [8]. It is possible to convert RGB color space 
image to YCbCr color space image. Considering Open 
Computer Vision Library (OpenCV), it has a built in function 
to convert captured image to YCbCr image. 

III. WORKING METHODOLOGY 

In Human Computer Interaction System lip contour takes a 
pivotal role. To solve this problem some researcher proposed 
template based methodology [4]. This research work presents 
elliptical model by estimating ellipse parameters and then 
extract lip contour area form frontal face images. The basic 
building blocks are described in Fig. 1. Further the working 
process can be break down into the following sub sections. 

A. Capture Image 

Image can be obtained via USB camera module or using 
Networking protocol. OpenCV provides API to capture image 
directly if the camera module is physically attached to the 
device. In addition, system can also read still images. The main 
objective of this subtask is to provide frontal images to the 
consequent task block. At this stage the raw image is 
represented into RGB color space. 

B. Region of Interest Detection 

Before entering into lip contour detection method, it is 
required to identify region of interest. This step intended to 
detect presence of a face. This phase consists the method 
described by Viola-Jones [5]. It is widely used to detect face in 
real time[5]. System converts input RGB images to Gray scale 
by taking the average value of RGB componets.  

 
Fig. 1.   Building Blocks of Lip Contour extraction Process 

 Face detection and classification can be achieved by Haar 
feature-based cascade classifiers[7], OpenCV provides a 
trained classifier to serve this functionality. According to this 
classifier the algorithm needs to be trained by a lot of positive 
images and negative images so that it can classify face features. 
But in some cases it detect face region where no face exist [6]. 

Some researcher evaluates this by using increased face area 
window [6], however, this work evaluates chromatic 
information to refine the detected area using YCbCr color 
space [8]. The principle of this refinement is based on skin 
color pixel or nonskin color pixel. If the detected image area 
contains any nonskin pixel according to the color space the 
pixel area will be rejected. 

 

Fig. 2. Application Working Process 

 

C. Image cropping  

Image frame that contains face will be cropped by two third 
heights, the reason behind that lip area remains in this region 
over the total face area [6][10]. This cropped image will be 
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passed through the filter phase before performing contour 
detection. 

D. Image Enhancement and Filter  

Target image frame is converted into Gray scale image. 
Converted image pass through the Gaussian filter to reduce 
noises and to have a smooth image. Gaussian smoothing filter 
or Gaussian kernel widely used to remove spatial noises from 
the image.  Core of this filter is Gaussian kernel which can be 
defined in 2D space as, 

  Kernel G(x,y)=		 ଵଶగఙమ 	݁ିೣమశమమమ 		       (1) 

    Greater standard deviation (ߪ)	performs more image 
smoothing, using OpenCv it is possible to achieve the value of 
standard deviation dynamically from the kernel size. Kernel 
size is the sub block of the pixels where Gaussian convolution 
will take place for each pixel. This experiment use kernel size 
5x5 to have a moderate image smoothing. 

On the other side, Gamma correction is an image 
enhancement method which increase the image overall quality. 
The benefit of Gamma correction method over gray scale 
images are contrast ratio improvement and beneficent for 
features extractions process [12] such for edges. It is a 
nonlinear pixel wise operation thus it has a computational cost. 
The reference image is cropped into the region where lips exist 
therefore this sub image has smaller dimension than original 
image which makes this operation almost negligible. Gamma 
operation can be defined as, ܺ = ܣ ܺఊ	              (2) 

 Where ܺdenotes output pixel value, A stands for Gain and 
often it is considered equal to 1. ܺ 	refers to the input pixel 
value. γ value is considered 0.5, research finds these value is 
suitable for image enhancing [11]. Moreover, the sub image is 
converted into gray scale therefore it is possible to create a 
Look Up Table (LUT) to eliminate computation cost at run 
time. Look Up Table contains gray scale pixel value from 0 to 
255 and compute its Gamma correction value that is rounded to 
maximum value of 255. Finally this value is written to the 
LUT, at run time module looks in to the LUT to find 
corresponding Gamma Correction value. 

E. Edge Detection   

Image frame that contains face will be cropped as 
mentioned above. This cropped image will be passed through 
the filter phase before performing contour detection. This 
research considers edges are the features of the lip contour 
detection, however integral projection and edge angle detection 
[10] or Harris corner point are the alternative choices to 
defined lip contour features. 

               
Fig. 3.   Detected Edges using Canny Edge detector 

To define lip contour, Canny Edge detector is considered to 
detect edges from the sub image. Canny Edge detector can 

detect edges in low error rate, edges are accurately localized 
and finally noises have low effect on edge detection.  

F. Determine contour  

Binary image contains only the edge and nonedge pixels.  
Here the elliptical model starts to recognize lip contour by 
estimating ellipse parameters. This paper consider the 
presence of edges on the corresponding pixel position, 
considering the 3x3 matrix stated as below,  

TABLE I.        3X3 MATRIX ANGLE POSITIONS 

x1,y1   x1,y3 
  X,Y  
x3,y1  x3,y3 

The change of angle can be localized by evaluating the 
pixel tuples (x1, y1), (x1, y3), (x3,y1), (x3,y3) at point X,Y. 
Slope is defined by, 

ߠ                            = arctan ቀ௱௬௱௫ቁ                                   (3) 

This information is useful to define a pixel as a peak point 
having upward and downward changes. For each edges these 
information preserve tuple contains (location, ߠ௨	,  ௗ௪). Toߠ
compensate edges detection or some mechanical noise during 
image procurement 5x5 matrix is evaluate. 

TABLE II.             5X5 MATRIX ANGLE POSITIONS 

  x0,y0    x0,y4 
 x1,y1   x1,y3  
   X,Y   
 x3,y1  x3,y3  
x4,y0    x4,y4 

By evaluating this matrix, if the sub matrix (1;3) or (3;4) 
exists this indicates a  curvature point as illustrated in the Fig. 
4. The sub matrix tuple expresses a portion of matrix as (start 
column; end column) respect to the original matrix. 

                     
Fig. 4.   Corner Point characteristics 

Initial state of the algorithm finds the horizontal vertices 
points of ellipse. There will be two vertex points on horizontal 
axis, each vertex point preserve the above properties. Therefore 
left vertex point have minimum X-coordinate value and at least 
one point exist on coordinate I and coordinate IV. 

If the point consist any directional changes but not both but 
it contains points where value of angle resides, ߠ = 90 or 270, 
algorithms consider this is a new point and continue to search 
missing direction until boundary condition has been reached. If 
found then these two points will be coalesced into first point 
otherwise both of them will be rejected. 
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Fig. 5.   Geometric Quadrant use to search angle points 

Similarly, for right vertex, the algorithm considers 
maximum X- coordinate value where two directional changes 
confined. Algorithm proceeds for the left corner point to right 
by incrementing X coordinate each time. 

 
Fig. 6.   Ellipse Model 

After finding, two vertices, algorithm draws the major axis 
of the ellipse. Middle point of the major axis is the intersection 
point of major axis and minor axis. According to the 
Coordinate Geometry this can calculated by using the formula 
stated below,  ܺௗ = ቀ௫ା௫ೝଶ ቁ ܽ݊݀	 ܻௗ = (௬ା௬ೝଶ )	     (4) 

From the center point it proceeds searching vertical vertices 
along the axis Y. If not found, it will interpolate that it exist on 
the point where the distance between the center point and the 
vertex is equal to the distance from the center point to the any 
of the horizontal vertex therefore the X intercept and Y 
intercept  become equal. In mathematics, ellipse, which is not 
centered at origin (0,0) but at a point having coordinate value 
(h,k), defined as, 

(௫ି)మ ଶ +	 (௬ି)మ ଶ = 1                            (5) 

Solving (5) all the points of the ellipse, whose parameters 
are obtained from lip contour structure, can be computed. 
Morphological operation will take place to refine points using 
sub image of 3x3 matrix. During this operation erosion and 
dilation are performed which consider 9 neighbor original 
image points to the point which obtained by the ellipse. Fig. 7, 
depicts resulting contour obtained from the above method and 

superposition of the both images, original and processed 
elliptical shape depicted in Fig. 8. 

 
Fig. 7.   Resulting lip contour obtained from the method 

 
Fig. 8.   Detected contour is super positioned into the original edge 
detected image 

IV. RESULTS AND DISCUSSION 

System has been tested using different still images and 
video frames. System assumes, all the images are captured 
from frontal view and having straight in focused. However, test 
has been performed with Frontal Face Images considering 
different condition and it used still images and partial set of 
frontal images data base known as MUCT database category 
‘a’. It is observed that with different lighting condition, 
shadow, camera focus angle and posture of frontal face edge 
detection outcome changes thus affects detection approach. 

This method is able to extract lip contour from a complex 
edge space as depicted Fig. 9. In various conditions such as 
light reflection, focused angled, open and close mouth 
condition and different lips structure, this method is able to 
extract lip contour and performance error index observed 
started from 1.4% but depends on edges. This method relies on 
detected edges. It is observed that, when lip width ratio varies 
between upper and lower lips the error also increased and same 
occurrences also observed when corner points are missing or 
having many corner points. In addition, if the face angle 
increases the error rate may increase if it encountered lack of 
sufficient edge points. Moreover, in some case, it is observed 
that face skin and lip color are too similar, and the corner point 
is not observed through edge detection. 

On the other side, in some cases it is mostly appreciated to 
have another mathematical model to construct Lip-Content Sub 
Image along with Anthropometric theory. The system can be 
improved by using K-Means clustering theory to coalesce 
couple of scattered point into one point, which is left for the 
future task. During the experiments, system can able to define 
lip contour on both situation open mouth position and close 
mouth, it preserves the minor axis changes. In the field of 
Human Computer Interaction, this information is available to 
recognized person activity such as smile, silent, talking etc.   
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                  (a)                                                    (b) 

  
                  (c)                                                       (d) 

   
                  (e)                                              (f) 

  
                  (g)                                              (h) 

Fig. 9.   Model Test Simulation at different conditions, errors are correspond 
to the edged points (a) edges of angled focused frontal face image having 
moderate contrast, two corner points are detected properly (b) Ellipse model, 
considering edges it encountered approximately 1.4% deviation (c) edges of 
frontal face image having angled focused and greater lighting reflection 
condition (d) Ellipse model, considering edges it encountered approximately 
3.12% deviation (e) Edges of lips having different Lip width ratio (f) Ellipse 
model, faced more error, approximately 20% (g) inadequate Edges, open 
mouth condition contains noises on left side and inner mouth edges, corner 
points are evaluated through recurrent point search (h) Ellipse model faces 
error on upper lips approximately 6%.  

V. CONCLUSION 

The rudimentary goal is to extract lip contour has been 
achieved and tested. Lip contour has been parameterized by 
ellipse model. Human Computer Interaction (HCI) System 
such  as  human gestures and expression detection, intelligent 
video conference system currently is a growing sector where 
lip contour detection and mouth movement [13] takes a pivotal 
role to define whether human is talking or to identify his/her 
facial expression and events. By evaluating contour parameter 
changes, it can be possible to identify person activity. 
Therefore, this research focused on the lip contour detection 
where precondition is assumed that contour detection phase 
image is taken from frontal view. This calibration phase, 
person remains mouth in close position. Considering open 
mouth, inner contour is not observed. Instead of that it focused 
to the outer contour. Change of minor axis, from mouth close 
position to open and vice versa can be recognized a human 
state. On the other side changes on major axis as well as minor 
axis can be clustered into different phases such smile or other 
expression.  

Implementation of this research has been tested with 
Matlab R2008b version as well as with OpenCv 3.1. Host 
computing is used during test are Intel (R) Core i3 and ARM 
32 bit embedded Linux system. 
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Abstract— Motor Imagery (MI) is now highly adapted to 
control machine or computer by interfacing with brain or mind. 
This paper proposes a method to differentiate left, right and feet 
motor imagery movement according to two and three class 
classification using statistical features of the EEG signal of the 
subjects. For this purpose the collected EEG signals of three 
subjects are segmented and feed to discrete wavelet transform 
(DWT). DWT decomposes each EEG segmented signal to collect 
the relevant features. ANN classifies the three left, right and feet 
movement class trials data. Classification accuracy varies with 
respect to subject. This straightforward method can be used to 
design a well-organized BCI system with better accuracy. 

Keywords—motor imagery; discrete wavelet transform; neural 
network; brain machine interface; statistical feature. 

I.  INTRODUCTION  

In broad aspects of MI, MI is specially supervised and 
efficient procedure for the patients who suffer from Motor 
neuron diseases (MNDs). MNDs are neurological disorders 
that affect mostly motor neurons; that command over the 
voluntary muscles of the body. MI is also consulted for the 
paralyzed patients or if the motor neurons are dead because of 
disease or accident. 

Among many accomplished research studies, authors [1] 
developed a method to decompose the EEG signal using short 
time Fourier transform with CSP and SVM for better 
classification accuracy. Results verified that single channel 
EEG signals taken from both sensorimotor and forehead areas 
can classify four class motor imagery movement. Authors in 
[2] used CSP for feature extraction and FDA for dimension 
reduction of the feature vectors. Finally SVM classifies the 
four class motor imagery movement individually from the rest 
position. Authors in [3] classify left hand, right hand, feet and 
tongue, a multi-class imagery movement based on ERD and 
sample entropy using SVM classifier. Researchers in [4] 
introduced a method to distinguish between simple and 
compound limb motor imagery with help of CSP and SVM. 
They adopted ERSP, PSE and spatial distribution coefficient 
method to prove the comparison. In [5] researchers used SVM, 
LDA and KNN classifiers to multiclass motor imagery using 
two different datasets. In [6] authors proposed FBCSP 
algorithm to separate multiclass motor imagery and evaluates 

performance in terms of kappa value. Researchers in [7] 
introduced a new technique to collect MRICs automatically 
and differentiate three class LH, RH and foot imagery data. In 
[8], authors used 22 electrodes over the scalp and multi-class 
discrimination accomplished using ICA and CSP algorithm. In 
[9] authors proposed Biomimetic Pattern Recognition (BPR) 
for 2 class motor imagery classification and compares 
performance between SVM and LDA. In [10], authors 
proposed wavelet-CSP algorithm with ICA to improve the 
classification rate of SVM in terms of kappa value. 

In this work, we propose an easy method of classifying 
multiclass EEG MI signal and with acceptable accuracy rate. 

The rest of this paper is arranged as follows: Section II 
describes materials and proposed method. Section III 
illustrates the results and discussion is in section IV. Finally 
section V concludes the paper. 

II. MATERIALS & PROPOSED METHODOLOGY  

A. EEG Data Collection & Dataset Description 

This research work exploits a publicly available dataset 
[11]. Many subjects perform two class and three class motor 
imagery functions during data acquisition. In our works three 
class data for three subjects (A, B, C) are used. Fourteen 
electrodes have been placed over the subject’s sensorimotor 
area for data acquisition as shown in Fig. 1. All three subjects 
imagine left hand (LH), right hand (RH) and both feet (FT) 
movement on different days for several sessions. Subjects are 
requested to sit in front of a computer desk and to imagine as 
the cue indicated. Motor imagery task starts after the trigger 
and continuous to 3-10 seconds and ends each trial followed 
by 2 seconds of short break. 

 
Fig. 1. Fourteen electrode placement for data acquisition. 
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Fig. 2.   Block diagram of the experimental paradigm for data acquisition. 

 

Fig. 4.  Motor imagery EEG signal decomposition using db 4 wavelet.

The whole experimental procedure with corresponding time is 
shown in Fig. 2 above as given in [11]. 

B. Experimental Flowchart and Channel Selection 

The complete experimental working flow is shown in Fig. 
3 below. First and foremost is to record the motor imagery 
data from subjects and all subjects are required to perform 
imagery task well for better results. Recorded signal then 
segmented according trials and decomposed using DWT to 
collect statistical characteristics for each signal. These feature 
vectors afterwards provided to NN to evaluate the 
classification accuracy of the proposed method.  

       EEG signals from the subjects are recorded using two 
devices of g.tec and Neuroscan devices. Among the 14 
electrodes 5 electrodes data are recorded for 3 class motor 
imagery movement. Those 5 electrodes are indicated in figure-
1 in square box. But further for our research purpose most 
significant channels, channels C3 and C4 are taken from both 
hemispheres. 

C. Feature Extraction using DWT 

DWT is a prominent tool for EEG signal decomposition to 
the required level depending on the dominant frequency. In 
our work db4 wavelet is used to perform level 5 
decomposition of each EEG segment. Wavelet toolbox 
provides 12 statistical characteristics, 5 are chosen as features. 
In Fig. 4, approximate coefficient is A5 and detail coefficients 
D1, D2, D3, D4 and D5 are shown, which are outcome by 
consecutive low pass and high pass filtering to level 5. Each 
EEG segment DWT decomposes into increasingly finer detail 
based on two sets of basic functions [12] as follows: 
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Here aj(k) and dj(k) are the approximation and detail 

coefficients of wavelet respectively. In equation (1), the first 
summation is an approximation of S(t)  and second term sums 
more detail component [12].

 
D. NN Design 

Depending on the input feature vectors and on the number 
of class of the classifier ANN is designed. So 5 input and 3 
output for the corresponding input and output class 
respectively is used in the NN. While using 2 classes, 2 target 
vectors are used for the corresponding 2 class classification. In 
the Fig. 5 designed NN is shown with input, hidden and output 
layer. 5-45 neurons in the hidden layer are tried, but better 
results using 10-15 neurons. Trials number varies with respect 
to the subject; subject A completes 270 trials, 90 trials for 
each class. Subject B performs 174 trials, 58 for each class and 
subject C imagines 180 trials, 60 trials for each class. 

Fig. 3.   Block diagram of the multiclass motor imagery classification for BCI application.
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Fig. 5.   NN design for 3 class MI classification. 

III. RESULT 

A. DWT Decomposition Result 

All trials from all subjects are decomposed through DWT 
and 5 statiscal parameters of these EEG segments are collected 
to create feature vectors for NN. Five statistical parameters are 
mean, median, standard deviation, median absolute deviation 
and mean absolute deviation of the each EEG signal or trial. 
Fig. 6, Fig. 7, and  Fig. 8. depicts the decomposition of LH, 
RH and FT trials of subject A respectively. 

 
 

Fig. 6.   Decomposition of LH imagery signal of subject A. 

 
 

Fig. 7.   Decomposition of RH imagery signal of subject A. 

 

Fig. 8.   Decomposition of FT imagery signal of subject A. 

B. NN Classification Result 

Feature vectors are given to NN subject wise and 70% of 
them are counted for training, 15% for testing and 15% are for 
validation. Resulting, such as for subject A; 188, 41 and 41 
trials are for 3 class and 126, 27, 27 trials for 2 class are 
randomly distributed for training, testing and validation 
respectively. Confusion matrixes are listed in Table I and 
Table II, and classification accuracies are shown in Table III. 

TABLE I.  CONFUSION MATRIX FOR LH AND RH CLASSIFICATION   

Subject A Subject B Subject C 

LH RH LH RH LH RH 

61 

33.9% 

20 

11.1% 

39 

33.6% 

21 

18.1% 

60 

50.0% 

0 

0.0% 

29 

16.1% 

70 

38.9% 

19 

16.4% 

37 

31.9% 

0 

0.0% 

60 

50.0% 
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TABLE II.  CONFUSION MATRIX FOR LH, RH AND FT CLASSIFICATION   

Subject A  Subject B Subject C 
 LH  RH FT  LH  RH FT  LH  RH FT 
57 
21.1% 

18 
6.7% 

0 
0.0% 

37 
21.3% 

21 
12.1% 

21 
12.1% 

60 
33.3% 

0 
0.0% 

2 
1.1% 

32 
11.9% 

55 
20.4% 

2 
0.7% 

15 
8.6% 

29 
16.7% 

2 
1.1% 

0 
0.0% 

57 
31.7% 

2 
1.1% 

1 
0.4% 

17 
6.3% 

88 
32.6% 

6 
3.4% 

8 
4.6% 

35 
20.1% 

0 
0.0% 

3 
1.7% 

56 
31.1% 

TABLE III.  CLASSIFICATION RESULTS FOR LH-RH AND LH-RH-FT CLASS 

Subject LH-RH Classification LH-RH-FT Classification 
Accurately classified Misclassified Accurately classified Misclassified 

A 72.8% 27.2% 74.1% 25.9% 
B 65.5% 34.5% 58.0% 42.0% 
C 100.0% 0.0% 96.1% 3.9% 

 

Table I and Table II represents the confusion matrix for 
two and three class respectively for all subjects. In 2 classes 
classification trials are divided as class wise to 50% and for 3 
classes to 33.3%. So in Table I for subject A, 33.9% (61) trials 
are correctly classified from 50% (90) trials for LH and 38.9% 
(70) trials are accurately discriminate from 50% (90) trials for 
RH. Best results come for subject C with 50% (60) trials out 
of 50% (60). In Table II for subject A, from 33.3% (90) trials, 
correctly separated 21.1% (57), 20.4% (55) and 32.6% (88) 
trials for LH, RH and FT respectively. 

C. Regression Plot 

Regression plot illustrates the connection between outputs  

 

Fig. 9.   Regression curve of a random trial of subject A. 

and targets. In Fig. 9, Fig. 10 and Fig. 11, regression plot for 
individual subjects are depicted with their corresponding R 
values. R value indicates that how closely related outputs and 
targets. If the value is 1 proves they are closely related or if 0 
then randomly related. In the figure inside the square box, the 
dash line represents the best fit position and solid line as in 
Fig. 9, the blow line shows the original fits of the data. Circles 
portray the distribution of the data. Subject C indicates the 
best regression value for all R=0.94, nearly 1 and subject B 
shows regression value for all R=0.45, close to 0.50. So 
subject C’s data best fits and finally results maximum 
classification accuracy. Here regression plots are drawn for 
LF, RH and FT (3 class data) feature vectors for subject A, B 
and C. 

 

Fig. 10.   Regression curve of a random trial of subject B.
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Fig. 11.   Regression curve of a random trial of subject C. 

IV. DISCUSSION 

Classification results prove that using DWT MATLAB 
toolbox for feature extraction and NN classifier it is possible 
to classify 3 class motor imagery movement (LH/RH/FT) 
utilizing statistical features of the EEG signal. Among three 
subjects classification results, dataset for subject C shows  

best seperation accuracy, for 2 class (LH/RH) and 3 class 
accuracy is 100% and 96.% respectively. But dataset of 
subject B shows average accuracy results for both 2 and 3 
classes. Now after analyzing and comparing the regression 
plot and R value of the subject B’s and C’s dataset, plots 
shows data unfited for B’s dataset and well fited for subject 
C’s dataset. R values for B’s is 0.50 (approximately) and for 
subject C’s is above 0.90. So if the datasets of subject’s B 
and A fits well as subject’s C then classification results 
would be better for all subjects. However our proposed 
method can be used to classify 3 class motor imagery 
movement with precise accuracy as subject C for various 
BCI application. Accuracy rate varies ± 4% for all class 
except subject C’s 2 class accuracy rate which shows 100 % 
always. 

In Table IV below, we have presented a comparison 
table where we juxtapose our research work with other 
relevant studies and research works with related important 
information. 

V. CONCLUSION 

Left hand, right hand and feet classification is the mostly 
used in the BCI application to execute primary command 
using neural activity. To perform elementary task with 
perfectness it is very necessary to discriminate between 
those orders from cerebral cortex. This research work 
proves that our proposed method is able to LH/RH/FT 
motor imagery signal with acceptable accuracy. So this 
procedure can be applied to design an efficient BCI system 
to differentiate multiclass or three class neural activities. 

TABLE IV.  COMPARISION WITH RELEVENT STUDIES

Authors Data Set Electrodes Class Subjects Methods Performance 
Sheng Ge [1] Dataset IIIa, 

BCI competition  
C3, Cz, C4, 
Fp1, Fpz, Fp2, 

4 K3,  K6 
and L1 

CSP and STFT, SVM Fp2 - 73.4, 78.3, 75.2 
C4 - 71.3, 88.1, 71.2 

Aarathi Kumar 
[2] 

BCI competition IV --- 4  CSP and SVM Overall accuracy 91.11%. 

Deng Wang [3] Dataset IIa  
BCI competition IV  

C3, Cz , C4 4 9 subjects ICA and SVM S1-71.43, S2-67.50, S3-
64.29, S4-57.50, S5-87.86, 
S6-58.93, S7-85.71, S8-
79.29, S9-73.93. 

Weibo Yi [4] Author’s C3, Cz, C4 Multiclass 10 subjects CSP and SVM Highest accuracy 84%  
Mean accuracy 70%. 

Ridha Djemal 
[5] 

IIa, BCI competition IV 
IVa, BCI competition III 

C3, Cz, C4 3 9 subjects 
4 subjects 

FFT, AR and SVM, LDA 
and KNN Classifier 

For IIa: 86.06%; 
For IVa: 93.3% 

Zheng Yang 
Chin [6]  

Dataset IIa 
BCI Competition IV  

--- 4 9 subjects FBCSP Mean Kappa values ranges 
0.31-0.57 

Bangyan Zhou 
[7] 

Dataset IIa 
BCI Competition IV  

--- 3 9 subjects ICA and SVM Highest accuracy 86.96% 
and average accuracy 
67.64%. 

M Naeem [8] --- C3, C4, Cz, 
CP1, CP2, CPz 

4 8 subjects ICA and CSP Classification accuracies 
between 33% and 84% 

Yan Wu [9] Five datasets, BCI 
Competition and 
Author’s 

C3, Cz, C4 2 --- CSP and  Biomimetic 
Pattern Recognition, 
LIBSVM 

SVM – average 82.33 % 
LDA – average 80.43 %  
BPR – average 85.56 % 

BAI Xiaoping 
[10] 

Data sets from BCI 
Competition IV 

C3, Cz, C4 4 9 subjects Wavelet-CSP with ICA 
and SVM 

Average kappa coefficient of 
0.68  

Yijun Wang 
[13] 

--- C3, C4  3 5 subjects CSP and  LDA Classifier Average online 79.48%  
and offline  85.00%  

Proposed 
Method 

Data sets provided by 
the Dr. Cichocki's Lab 
[11] 

C3, C4 3 3 subjects DWT and NN 2 class: Highest 100% and 
average:  79.43%.  
3 class: Highest 96.1% and 
average:  76.06%. 
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Abstract—In this paper, design and development of a multiple 

sensors based fire extinguisher robot is proposed and 
implementation is demonstrated with a brief discussion of 
construction and operation. The developed fire extinguisher 
robot can be operated in multiple modes using the DTMF and 
Bluetooth remote control as well as GSM and GPS technology. 
Basically, three different sensors of flame sensor, temperature 
sensor, and smoke sensor have been used to ensure proper 
detection of fire. The robot can be controlled using both DTMF 
remote control and Android smartphone and can be operated in 
three different modes. The first mode allows full autonomous 
operation of the robot which can be activated by the user or by 
the robot itself based on the situation. The second mode is a line 
following mode where robot follows a black drawn line to detect 
fire and the third mode is complete manual operation using 
remote control. 

Keywords—Fire Extinguisher Robot, Arduino Mega, DTMF, 
GSM, Bluetooth 

I.  INTRODUCTION  

Detection of fire alongside with extinguishment is a 
detrimental work that risks the health as well as the existence 
of a flame extinguisher person in the hazard but through 
utilizing a robot to execute fire detection and extinguishing in a 
fire-prone area, loss of lives and undesired incidents can be 
avoided in a considerable number [1]. The day by day progress 
of advanced technology has made it feasible to develop 
different types of household and industrial robot and 
automation. The definition of the robot states that a system 
with the capability of executing human tasks or behaving in a 
human-like manner is regarded as robot [2]. Continuous 
research and developments are going on for obtaining a reliable 
and effective method which can be enforced to develop a 
firefighting robot to detect and extinguish the fire to lessen the 
risk of injury to victims. 

A Firefighting robot is an independent ground vehicle [3] 
which should have two main functions, ability to detect fire 
and the ability to extinguish the fire. A small fire extinguisher 
system along with various sensors are attached to a fire 
extinguisher robot for proper performance. The appropriate use 
of the robot will make sure that the fire combating as well as 
recovery exercises might be maintained without having place 
flame fighters life at danger through utilizing making use of 

automation technological innovation as an alternate choice of 
human [2]. 

The design approach and implementation of a fire 
extinguisher robot is presented in this paper where three types 
of sensors of flame sensor, smoke sensor, and temperature 
sensor have been used for fire identification to make the 
detection process more reliable. Multiple control system has 
been implemented to make the robot more efficient to 
extinguish the fire. After detecting fire using three sensors, the 
robot is programmed to send a text message with location 
coordinates to its user’s mobile using GSM technology or 
notification to its Bluetooth paired android phone to get 
command for a specific operation mode. The user can set any 
of the three modes of operation using DTMF remote control or 
Android Smartphone. After confirmation of mode selection, 
the robot will start extinguishing the fire using water from 
water tank utilizing a DC pump motor as well as a servo motor. 
The pipe of the water tank is flexible and attached to a servo 
motor which allows the robot to spray the water from 10o to 
170o.The proposed model is divided into two major section; 
design and implementation as well as result analysis and 
discussion which have been discussed briefly. 

II. LITERATURE REVIEW AND PREVIOUS WORK 

A brief study of previous works has been conducted for 
understanding the limitations of the previously developed robot 
to implement new features to the proposed model. A paper on 
developing of a firefighter robot has been presented in [4] 
where the robot would search for fire by following a navigation 
system of line tracker and a camera was used for getting the 
exact position of the target place. A custom arm was designed 
using servo motors to implement the extinguishing device of 
the robot. Another similar automatic fire extinguisher robot has 
been designed in [5] using fuzzy logic along with thermostat 
sensor to detect fire as well as Wi-Fi enabled camera to locate 
fire accident. The robot was designed wirelessly in order to 
operate it from a remote location. Another work on firefighting 
robot has been presented in [6] using Arduino and flame sensor 
to detect the fire along with a navigator to help the robot to go 
to the location autonomously. This robot was designed mainly 
as a path guidance where it also worked as a fire extinguisher 
in the emergency situation. Another work is presented in [7] 
where the smoke detector was used to locate the source of the 
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fire employing two PIC16F877 microcontrollers; one of which 
was used for delivering a message to the owner and to alert the 
robot about a fire as well as another one was used to navigate 
the robot to the fire source. 

III. OVERVIEW OF PROPOSED SYSTEM 

The functional block diagram of the proposed robot is 
illustrated in figure 1 and figure 2 illustrates the mechanical 
structure. The robot will utilize three sensors to detect 
temperature, smoke, and flame to implement the fire detection 
unit whereas one or maximum two sensors were used in the 
previous developed of fire extinguisher robot. When fire 
accidents occur, the temperature rises suddenly with smoke and 
flames. These three sensors will continuously monitor all-
around of its range to detect any kind sudden rise of 
temperature, smoke or flame. If any of the sensors of gas or 
temperature can detect any abnormal parameters, data will be 
delivered instantly to the microcontroller.  
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Fig. 1. Functional Block diagram of the proposed fire extinguisher robot. 

Whenever the microcontroller can detect that a fire accident 
is happening it will instantly contact with its user. There will be 
two controlling methods, the first method is using an android 
phone and the second method is to use a DTMF remote control 
which allows controlling the robot from anywhere in the world 
using GSM technology. If the smartphone is paired for 
controlling the robot, the system will notify the user by sending 
a notification to the paired Bluetooth android phone. An app 
will be developed to receive notification and control the robot. 
If a DTMF system is utilized, the robot will send a message to 
the user’s cell phone using GSM and GPS module to notify 
about fire accident with the coordinates of the accident’s 
location and wait for user’s action. The robot will also be able 
to send a text message to local fire service or security center 
with coordinates of the exact location. The system will be 
designed in a way that if the flame sensor can detect any kind 
of flame, the fire extinguishing unit will be activated instantly. 
But if temperature sensor and gas sensor can detect a sudden 
change of parameters, the user will be able to set three modes 
of operations to control the robot using both Android apps and 
DTMF mobile phone. The modes are: a) Autonomous mode b) 
Line following Mode c) Manual Control.  

 

Fig. 2. Mechanical structure of the proposed fire extinguisher robot. 

If there is no response from the user, an alert notification 
will be sent again to the robot from the microcontroller so that 
user can understand that no step is taken in the accident place. 
After sending the final notification the robot will automatically 
start its operation by selecting autonomous mode which will be 
set as the default mode of operation.  

If the user gives instruction to activate any specific mode, 
the robot will follow the command by executing user’s 
instruction. For line following mode, it will follow a black line 
to search the flame. The manual mode will be operated by a 
user and the robot will move according to user’s instruction. 
The manual mode can be controlled both using DTMF mobile 
phone and android app. In all three modes, the fire 
extinguishing system will be automatically activate after the 
flame detection. The robot will stop its movement and start the 
DC motor pump with a flexible water pipe attached to a servo 
with the ability to rotate 10o to 170o to spray water to the target 
place efficiently. A water tank will be attached to the 
extinguishing unit to store water and after the competition of 
extinguishing operation, the robot will stop DC motor and go 
back to its previous position. 

IV. DESIGN AND IMPLEMENTATION 

A. Microcontroller Unit and Motor Driver Controller  

The project is implemented using Atmega microcontroller 
platform known as Arduino Mega. It consists of 54 digital as 
well as 16 analog input/output pins with 4 UARTs and16 MHz 
crystal oscillator [10]. The Mega 2560 board is specially 
chosen because of its compatibility with most sensors and 
modules. The employed motor driver module circuit for 
firefighting robot is known as L293D motor driver controller 
consists of 4 inputs and 4 outputs to control two DC motors. 
One of the main facility of L293D is to provide up to 600mA 
current at voltages variation from 4.5 V to 36V [9].  The 
direction of rotation of DC motor in forward and reverse can be 
controlled through combining different input logics. Another 
strong reason to choose this specific IC for movement control 
is the ability to control the speed of two motors using PWM 
from microcontroller which is required to control the robot for 
different modes. The basic circuit arrangement of L293D is 
shown in figure 3. The circuit diagram in figure 5 shows that 
the four inputs are connected to the digital pin of D9, D10, D11 
and D12.   
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Fig. 3. Circuit diagram of L293D based motor driver controller module. 

B. Sensors  

1) Temperature Detection: LM35 is a highly accurate 
inherent calibrated temperature sensor to detect the abrupt rise 
of temperature with attributes of low linear output impedance 
as well as less heating issue and capable of operating from a 
voltage range of  4 volt to 30 Volt  with the drain current lower 
than 60 µA [11]. It is comprised of three pins of Vcc, Out & 
Ground. Out has been linked with the analog pin A0 of 
Arduino Mega as shown in the circuit diagram of figure 5.  

2) Smoke Detection: A smoke sensor made of a micro 
aluminum oxide ceramic tube known as MQ9 is utilized to 
detect smoke. The sensor combined with a sensitive layer of 
Tin Dioxide with high sensitiveness to carbon monoxide for 
detecting smoke or gas in presence of carbon monoxide (CO) 
[12]. MQ9 includes of measuring electrode and necessary work 
conditions of sensitive components are provided by a heater 
[12]. Four pins have been used to get signals and other two 
pins have been utilized to provide heating current. The analog 
output pin of the gas sensor has been connected to the analog 
pin A1 of Arduino Mega. 

3) Flame Detection: The chosen flame sensor has 
properties of sensitiveness to radiation and flame spectrum 
along with the capability of detection of origin of the ordinary 
light source. The flame sensor has been attached to the analog 
pin of A2 of Arduino Mega. 

C. Development of DTMF , Bluetooth ,GSM and GPS  

1) DTMF Remote Control: MT8870 is the best choice for 
developing DTMF remote control. A mobile has been attached 
to the system to receives a signal via DTMF receiver. Figure 4 
is showing the circuit diagram of the MT8870 DTMF module. 

 

Fig. 4. Circuit diagram of MT8870 based DTMF Module. 

After making a phone call to the DTMF receiver connected 
phone, symbol pulse is provided to the system when any button 
is pressed. The outputs of DTMF module are Q1, Q2, Q3 and 
Q4 which has been interfaced with the digital pin of Arduino 
Mega D2, D3, D4, and D5. 

2) Bluetooth Remote Control: The Bluetooth module HC05 
has been employed with the system with digital pin D0 and D1 
of Arduino Mega using main function pins of RX and TX for 
receiving and transmitting data. Radio waves are utilized by 
Bluetooth technology to interconnect with other peripheral 
devices for data exchanging. 

3) GSM and GPS Module: The 808 GSM GPS module has 
been connected with D14 and D15 of Arduino Mega and 
provides location coordinates using GPS. The microcontroller 
is able to send SMS using GSM to user and fire extinguisher 
unit. The sim808 module incorporates Quad-Band network as 
well as brings together GPS technology for satellite routing 
[14]. It has ultra-low power absorption as well as 22 tracking 
and 66 receiver channels [14].Indoor localization by A-GPS as 
well as control capability through AT instruction by using 
UART is additionally obtainable.  
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Fig. 5. Circuit diagram of proposed fire extinguisher robot. 

D. Modes of operations 

1) Development of Line Following method: Three modes 
of control system have been developed using line following, 
autonomous and manual control. The line following sensor has 
been implemented using two sets of IR LED with photodiode 
arrangement for each motor. To identify a black line from a 
white surface, the reflected IR light from the white surface 
falls on the photodiode that can be detected by microcontroller 
due to voltage variation. A Comparator known as LM358 is 
used for comparing the output voltage with a reference voltage 
for ensuring proper operation and adjusting the sensitivity. 

2) Development of Autonomous Control: An ultrasonic 
sensor has been interfaced with Arduino Mega for autonomous 
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controlling of the robot. The ultrasonic sensor is noted as HC-
SR04 which comprises of 4 pins of Vcc, ground, Trig as well 
as Echo and 2cm to 400cm non-contact distance can be 
measured to locate obstacle in front of the robot using the 
sensor [13]. Trig and echo have been attached to the digital pin 
of D22 and D24 of Arduino mega. Signal is sent by Trig pin 
and the detection of the signal is determined by Echo.  

3) Development of Manual Control: Manual control 
requires no extra hardware interfacing with the microcontroller. 
It can be fully controlled using the DTMF phone or Android 
app after activating the manual mode by user.  

E. Fire Extinguisher System with Servo Motor and pump 

The fire extinguisher system has been designed using a 
relay module along with a water tank, DC pump motor and a 
servo motor. Relay module has been used with a transistor BC 
547 which has been linked to the digital pin of D8 of the 
microcontroller to run DC pump motor. When fire extinguisher 
system will be activated the relay will switch on the DC pump 
motor to pump the water out of the tank and spray on the fire 
through a pipe which will be rotating from 10o -170o and in 
reverse direction continuously to ensure proper fire 
extinguishing. The overall hardware arrangement of the fire 
extinguisher robot is shown in figure 6. 

 

Fig. 6. Hardware arrangement of the fire extinguisher robot. 

F. Programming 

The programming for the microcontroller of the robot in 
presented through a flowchart in figure 7. After installing the 
robot the sensor will initiate hardware at first and check for the 
selected control mode of either DTMF or Android. An android 
app will be developed for controlling the robot which will 
utilize Bluetooth to pair with the robot. Figure 8 is showing the 
proposed user interface of the android app. If a fire incident 
happens in any place, the sensors will detect and provide 
notification to the microcontroller. The sensors will provide 
analog values to the microcontroller, so after getting the value 
microcontroller will convert the values into digital format using 
A/D converter. Then converted value will be compared to the 
predetermined values of the sensors to detect fire. Once fire 
detection is confirmed, the microcontroller will inform the 
control unit instantly by sending a text about a fire incident.  

 

Fig. 7. Flow chart of Programming for fire extingusher robot. 

An instruction will be delivered with the location 
coordinates to fire service to take immediate action from the 
control unit. The control unit will check mode selection by the 
user. There are three modes which can be selected by the user. 
The modes are manual control by DTMF, extinguish the fire by 
following the line tracker or fully autonomous mode.  

If no action is taken from the user within a certain time 
period, the control unit will select the autonomous mode. Then 
the robot will be controlled fully automatically and will go for 
extinguishing the fire according to the information provided by 
the control unit. Automatic control mode can also be selected 
by the user. If manual mode is selected the user will have the 
ability to control the robot manually using DTMF remote or 
Android phone. This process will be continued and the sensors 
will be ready for scanning of fire source continuously for all 
the time.  

 

Fig. 8. Proposed User Interface of android app to control the robot. 

2016 International Workshop on Computational Intelligence (IWCI)
12-13 December 2016, Dhaka, Bangladesh

44 



 

V. RESULT ANALYSIS AND DISCUSSION 

The developed robot has been tested to evaluate 
performance analysis as well as to demonstrate the ability to 
extinguish the fire. The robot has shown quite good 
performance to detect and extinguish the fire using different 
sensors and developed fire extinguishing unit. Figure 9 and 
figure 10 illustrate the front view and the top view of the robot. 

 

Fig. 9. Front view of the developed fire extinguisher robot. 

 

Fig. 10. Top view of the developed fire extinguisher robot. 

A. Fire Detection using Multiple Sensor  

Temperature sensor LM35 is capable of sensing 
temperature between +2 ºC and +150ºc [11]. The programming 
of microcontroller has determined a range of parameters for 
normal room temperature and abnormal room temperature 
during fire accident. The temperature has been raised using a 
lighter for testing purpose and it has been noticed that the 
sensor was able to detect the sudden rise of the temperature. 
Since the output voltage is the function of the temperature, it 
was able to get Celsius degree unit by analysis the output 
voltage of the sensor. 

The smoke sensor has the ability of detection smoke using 
the method of making temperature cycle high and low. Smoke 
generally contains carbon and during the testing, smoke has 

been detected by measurement of output signal within one or 
two complete heating period. SnO2 is the sensitive substance of 
smoke sensor with characteristics of lower conductivity in 
clean air and sensor’s conductivity was more significant along 
with the rising of gas concentration [12]. 

Flame sensor has shown the ability to detect the source of 
fire flame within the range of a wavelength 760nm-1100 nm. It 
has been observed that the detection distance of flame has 
shown better performance within the range of to 25cm to 90 
cm whereas standard range is defined as 20 cm to 100 cm. 

B. Modes of operation 

The program of microcontroller has been developed in such 
a way if any two sensors could sense abnormal parameters, the 
robot would send an SMS to its user or a notification to the 
paired android phone. The user can activate the whole system 
by using DTMF or android app. Band pass filter along with a 
digital decoder function for DTMF are capable of to decode 
DTMF tone [15]. When the control keys of the mobile phone 
has been pushed, a DTMF signal was transmitted to the 
microcontroller. The keypad buttons of mobile phone 
generated two high and low tones of different frequencies. 
Applying the decoder from the DTMF signal equivalent binary 
code has been attained during testing.  

The robot can be activated by pressing number 1 key of the 
mobile. The user has the ability to select three modes of 
operation by pressing 2, 3 and 4. Number 2 key has been 
assigned to select the line the following mode. Number 3 has 
been used to set autonomous mode and number 4 has been able 
to select manual control mode using the DTMF phone.  

1) Mode A (Line the following method): In the case of the 
line the following method, the robot has followed the 
predetermined path defined by a black line for detection of 
flame. The robot has searched to detect flame and whenever 
any flame has been detected by the robot, it has stopped the 
movement to activate the fire extinguisher unit. The fire 
extinguisher unit has sprayed the water using a DC motor from 
the water tank and servo motor has made ensured that the water 
could reach every possible spot of fire by rotating the water 
flowing pipe 10o to 170o. Table I shows the different position of 
the robot during line the following mode.  

TABLE I.  POSITION OF ROBOT DURING LINE FOLLOWING MODE 

Sensor 1 Sensor 2 Position of Robot 
0 0 Robot’ is out of track 
0 1 Robot’s left is out of track
1 0 Robot’s right is out of track
1 1 The robot is on completely on track.
 

2) Mode B (Autonomous Mode): When the autonomous 
mode has been selected, all the operation of the robot has been 
performed by the robot autonomously. The robot has employed 
ultrasonic sensor for obstacle detection during autonomous 
mode. 

3) Mode C (Manual Mode): The user has been able to 
control the robot by selecting manual mode by using DTMF 
remote or android app. 5, 6, 7 and 8 buttons of the DTMF 
mobile have been used to move the robot manually 
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respectively right, left, forward and backward position in any 
place. Once the incident place has been detected, the DC motor 
pump has started as soon as the detection of fire. The robot has 
stopped spraying water as well as the pump when the sensors 
have stopped sending abnormal parameters of fire 
detection.Table II represents the different DTMF buttons, 
output decoder, and action. 

TABLE II.     DTMF BUTTONS, OUTPUT DECODER, AND ACTION 

Button Output of Decoder Action 
1 0x01 (00000001) Turn On the robot 
2 0x02 (00000010) Set mode A (Autonomous mode )
3 0x03 (00000011) Set mode B (Line Following Mode)
4 0x04 (00000100) Set Mode C (Manual Mode)
5 0x05 (00000101) Forward 
6 0x06 (00000110) Backward 
7 0x07 (00000111) Left
8 0x08 (00001000) Right
9 0x09 (00001001) Spray Water 

V. CONCLUSION 

Autonomous fire extinguisher robot is just not an idea now, 
rather it is demand in this era of automation engineering. An 
autonomous robot can work for extinguishing fire 
simultaneously with the human without requiring any kind of 
command and also can work individually where there is life 
risk of a human. Even a robot can be more efficient and quick 
than human. Besides it takes some time to inform fire service 
team and then their arrival to the spot. But if there is an 
autonomous fire extinguisher robot in every factory or shop or 
house, the loss of life and assets can be reduced significantly as 
the robot will go for action as soon as it detects any kind of 
symbol of fire. 

 The robot has been designed with three types of sensors 
such as a flame sensor, smoke sensor, and temperature sensor 
whereas one or maximum two types of sensors was used to 
implement such kind of robot in the previous development[4]-
[7]. As a consequence, the detecting of fire will be more 
precise and quick. Moreover due to the use of three kind of 
sensors, the robot will not stop spraying water until all three 
sensors respond negatively so that the fire cannot break out 
again some time later as it is a common nature of fire that it can 
turn on anytime if a flammable source is available in the 
incident spot. Additionally, use of multiple control ability will 
make the robot more reliable. However, the robot can be 

modified while implementing the manufacturing process in 
future. 
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Abstract— The main target of the approach presented in this 
paper is to recognize offline Bangla conjunct characters by 
Stroke Matching Based Approach. At first, the approach 
simplifies the word into strokes. Later it matches these strokes 
with the one that is stored in the dataset. The approach 
reduces the noise and then works over the strokes. Up to now 
a lot of recognizers are available to recognize BOC (Bangla 
Offline Characters). But a recognizer to recognize Bangla 
Conjunct letters is rare.  Here in this research work Stroke 
Matching Based Approach modifies the existing strokes of 
Bangla Conjunct Letter to identify it. The recognition of the 
characters would be done by using neural network system 
with the matching of strokes of the characters. 

 
Keywords— Offline characrters; Bangla conjunct characters; 

Stroke Matching; Artificial Neural Network(ANN); 

I.  INTRODUCTION  

       In the natural language rank list Bangla owned its position 
as number seven as a spoken language since most of the native 
people of the world communicate using this language. It is 
originated from Indo-European [1] language. It contains 50 
alphabets including 11 vowels that is Shoroborno and 39 
consonants that is Banjonborno. And 253 conjunct characters 
composed of 2, 3 or 4 consonants. Among them 200 
characters are formed of 2, 51 characters are composed of 3 
and 2 characters are composed of 4 consonants [2]. Bangla 
language also contains 10 vowel modifiers that is known as 
Kar, 7 consonant modifier that is known as Fala. Till now 
Bangla handwritten Pattern Recognition, Character 
Recognition, Text Summarization etc are not quite rich. And 
the important part is, in most research, recognition of conjunct 
letters of Bangla language has been skipped due to its complex 
patterns. As a result, in many cases, conjunct letters are not 
clearly recognized. So along with the 50 letters of Bangla, it is 
also important to recognize them so that they can be 
recognized easily are stored so that it might turn into a great 
help for documentation of soft copies. 

      Most of the offline character recognition are performed 
using Optical Character Recognition Methods. But the process 
and way of working is way too hard and lengthy. Though the 
target of every method is to find a better solution in the 
character recognition, but every time came with a challenge. 
Therefore, for the character recognition, the proper 
segmentation of characters from the text is needed which is 
difficult because of losing essential data. Bangla Characters 

also face the same segmentation problem similar to ANN 
based approaches. So, to identify conjunct letters of Bangla 
Language Stoke Matching Base Pattern Recognition is 
established.  

 

   This thesis paper work is based on the recognition of 
Bangla Offline Character Recognition by matching the strokes 
from an image. The recognition of Bangla characters and text 
works have been done earlier using different technologies like 
Optical Character Recognition (OCR), Neural Network , SVM 
etc. The new approach is Stroke Matching based approach to 
recognize Bangla Offline Characters for recognizing them by 
machines. The chapters of this paper represent a go through 
over the topic in details along with the description of work. 

 

    The rest of the paper is organized as follows. Section II is 
the summarization of some related works. Section III gives the 
description of methodology of our system. Section IV 
describes feature extraction of our proposed system. Section V 
gives the description of experimental analysis and Section VI 
concludes the paper. 

 

II. LITERRATURE REVIEW 

  A great amount of work has been done with Offline 
Character Recognition. The relevant works are briefly 
discussed below. 

 

  An approach proposed in [3] is on the basis of view-based 
algorithm, where only upper and lower views are analyzed for 
characters. The character is divided vertically in identical 
segments  depending on the number of points need to be 
obtained. The calculation of y coordinates decides three 
element characteristic vector which describes the given 
character. The found two vectors combining with their two 
values describes the aspect ratio of the picture which 
transforms into 8 element vector representing the final 
character. The accuracy of the proposed scheme was 74.166% 
and accuracy of recognition is 75%. 

 

  Another research work which studies with the Stroke 
Segmentation and Recognition from Bangla Online 
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Handwritten Text, published in International Conference on 
Frontiers in Handwriting Recognition, 2012. Here the stroke 
(collection of points from pen down to pen up) of writing a 
character is analyzed and Support Vector Machine (SVM) 
classifier is used for recognizing segmented characters.[3]  
Correct Segmentation rate 97.89 % and Stroke recognition rate 
97.68% [4].  

 

  This research work in [5] is on recognition of Bangla 
Basic character and  digits by using convex hull method. They 
used Graham Scan algorithm for computing the convex hull of 
numeric pattern. In this research work they used simple 125 
features based on different bays and lake attributes of convex 
hull using MLP based classifier. Recognition rate of this 
system is 76.86%  from 10000 sample of handwritten Bangla 
text and 99.45% from 12000sample of Bangla numerals. 

 

   The proposed approach in this paper is an offline based 
character recognition system using multilayer feed forward 
neural networking. A new method "Diagonal based feature 
extraction" is introduced in this paper [6]. Every character 
Image of size 90x60 pixels is divided into 54 equal zone 
which is of 10x10 pixel in size. The extracted zone contain 19 
diagonal lines and 19 sub features that obtained from each 
zone. The recognition system has been implemented using 
neural network training tool. 

 

   This research work proposed a recognition system of 
printed Bangla text. In this approach the text image is 
segmented into individual characters and then refined and 
converted to a designated M x N matrix [7]. Heuristic method 
is used to obtain better accuracy. Characters are separated into 
reasonable number of groups by using Heuristic method. The 
accuracy rate is nearly 75% for this system. 

 

 
 
 

III. STROKE MATCHING BASED APPROACH 
 

  The main target of the approach represented in this paper 
is to recognize off-line Bangla conjunct characters. At first, 
the approach simplifies the letter into set of strokes. Then it 
matches these strokes with the one that is stored in the dataset. 
The approach reduces the noise and then works over the 
strokes. Up to now a lot of recognizers are available to 
recognize BOC (Bangla Offline Characters). But a recognizer 
to recognize Bangla Conjunct letters is rare. SM (Syntactic 
Method) is one of those popular methods that used to 
recognize BHC. Here in this research work Stroke Matching 
Based Approach modifies the existing strokes of SM and uses 
it to recognize Bangla Conjunct Letters. The proposed 
system consists of nine steps. The Flowchart of the system is 
given in Figure. 1.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 1.  Flowchart of the Proposed System. 

 
A. Input Characters 

  The input characters are inserted as image where 
the patterns are recognized to identify the character 
by using Stroke Matching Based Text Recognition 
which mainly exploits Modified Syntactic Method 
where it provides a capability for describing a large 
set of complex patterns by employing small set of 
simple pattern in strokes. 

 
 

B. Stroke Generation 

   
After forming the digital 0/1 matrix, the most 
important step is to contour tracing which means to 
convert the multi-pixel line into the single pixel line. 
That means it will filter the line to get a single 
formed line. The next step is to generate the straight 
line that is generating the strokes. The Stroke 
Matching Character Recognizer (SMCR) proposes a  
to develop an algorithm where offline characters  and 
stroke generation works simultaneously. The pseudo 
code of the process is shown in Algorithm 1. 
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Algorithm 1: Pseudo code for stroke generation: 
Step 1:  Convert the image RGB to Binary. 
step 2:  Scaling the image into 120x120 pixel. 
Step 3:  Apply thinning algorithm. 
Step 4: Search '1' in the digital matrix, and set the 
starting point at this position. 
Step 5:  Detect the horizontal and vertical line of the 
image 
Step 6: Find the start point and end point of these 
lines to count them as stroke. 
Step 7: Remove the horizontal and vertical lines and 
go to Step 6 to evaluate the other strokes. 
Step 8: Count slopes and distances between the 
regarding points. 
 

C. Defined Characters Stored In The Dataset 
Every character is defined separately along 

with their slope and distance between two points in 
the dataset so that it can be matched with characters 
that are in the image. Due to this, the confliction with 
any other character is reduced to low. 
 

D. Recognition 
The matching or recognition process 

includes matching the letter of the image with the one 
that is stored in the dataset. The process can only be 
executed after the completion of stroke generation 
and line drawing.  
 

E. Decision 
After matching the letter with the dataset 

letter it comes to an ending decision with a result of 
percentage of matching. By this the identification 
process ends here. 
 

IV. FEATURE EXTRACTION 

A. Thinning 

The thinning algorithm reduces the data size where it 
extracts the information regarding the shape. It allows working 
more accurate in recognition. There are different types of 
methods for thinning. After the process of thinning the 
horizontal and vertical lines are removed to count the starting 
and ending point of the strokes. 

B. Counting Strokes 
 
 

 
 
 
 
(a) Horizontal Stroke       (b) Vertical Stroke (c) Other stroke 

 
Figure 2. Stroke points are showed with red dots in figure (a), (b) and (c) 

 

 

Algorithom-2 :Algorithm for counting Strokes is given below 
1.FOR i=2 to (Image,1)-1 
2.     FOR j=2 to (Image,1)-1 
3.         Pix= certain Pixel of Image 
4.         IF (Pix(1)==0) && (Multiplication of Pixel 
                  position==0) 
5.                IF(summation of Pixel Position >= Pix) 
6.                     SET value of  i = i 
7.                     SET value of  j= j            
8.                     SET count= count+1 
9.              END 
10          END 
11.     END 
12.END 
 

C. Calculating slope 

Slope of a stroke can be determine by the coordinates, e. g. 
(x1,y1) consider as the starting point and (x2,y2) as the ending 
point of a certain stroke .  

• Slope, m = ି݊ܽݐଵሺݕଶ െ ଵሻݕ ሺݔଶ െ ⁄ଵሻݔ  

D. Calculating Distance: 

Distance between point to point is measured by using 
Euclidian Method. 

• Function Euclidean Distance = CalcDistance(x1, 
y1, x2, y2) 

• Distance = sqrt((x2-x1)^2+(y2-y1)^2) 

 
V. EXPEIMENTAL ANALYSIS 

 
A. Experimental Setup 

The recognition process has been worked on Intel Core i5-
2.40 GHz processor of 4.0 GBytes of RAM running on 
Windows 7 operating system. The desktop application has 
been performed in MATLAB 2013. In recognition, for 4 
conjunct characters of ‘ত’ are represented in a Tree 01 of 
Figure 4, a test set of 40(= 4 x 10) character where 10 is the 
number of sample image has been generated to consider 
herein. Test set of other characters of total 32 Trees. Since a 
proper benchmark dataset is not available, we had to make our 
own dataset where the number of sample image is 10 for each 
conjunct character. 

 
 
 
 
 
 
 

 
Figure 3.  Sample tree of  2 characters  
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  The character images were trained and tested in Neural 
Network to calculate the accuracy of performance. The result 
has been included in the Experimental Result part. 

B. Structure of Neural Network 

Neural networks are typically organized in layers. Layers 
are made up of a number of interconnected 'nodes' which 
contain an activation function. Patterns are presented to the 
network via the input layer, which communicates to one or 
more hidden layers where the actual processing is done via a 
system of weighted connection.  

 

Here we worked over 50 conjunct characters. The feed 
forward neural network is trained in a supervised mode. The 
correct output that corresponds to the data is specified and 
known as target array. Our vector length is 20. So our input 
layer has 50 neurons with 20 combinations. So the input is 
50×20 array. Since, the output layer depends on the number of 
characters trained, so in this case the output will be of 50 
neurons. The suitable feed forward neural network with 50×20 
array input and 50 outputs is shown in the Figure 4. 

 

 
 

Figure 4: Design of Neural Network layers  for Bangla Conjunct Character  
recognition. 

 
C. Experimental Results 

According to the Tree 01 of Figure 3 , the process at first 
takes input from scanned file with the extension of JPEG, 
Bitmap format. The below table shows the test result with 
recognition percentage.   

TABLE I: TESTING  PERCENTAGE USING NEURAL NETWORK 

Characters SAMPLES RECOGNITION 

RATE 

s 10    98.89 %%

s 10 91.10 %

s 10 90.5 %

বয্ 10 91.13 %

p 10 91.08 %

p 10 90.71 %

m 10 91.17 %

m 10 90.79 %

Ǿ 10 90.75 %

s 10 91.39 %

তয্ 10 91.36 %

g 10 90.74 %

n 10 90.18 %

k 10 91.10 %

 
We have worked on 50 conjunct characters with 10 sample of 
every different characters. And the average training 
percentage is 98.73 %. And the average testing percentage of 
the characters are = 90.10 %. A Graphical User Interface is 
created to confirm the recognition. And for every character a 
fixed string has been set. Such as, ‘SB’ has been set for the 
character ‘s’. 

 

 
 

Figure 5: A GUI to recognize the character 
D. Discussion 

Handwritten character comes along with noises. So, stroke 
matching method at first removes the noise for the easy of 
character recognition. Then it collects the value points and 
slopes. It matches with the character stored in the dataset. To 
complete the recognition Pattern Recognition tool of Neural 
network is used. 

VI.   CONCLUSION 

The proposed Stroke Matching Based approach is 
effective for Bangla Offline Character Recognition 
successfully. Stroke generation and matching completes the 
process without the loss of information. However, the stroke 
matching character recognition has some limitations. And 
after the overcome of maximum limitations the recognition 
rate stands up to 92.92%. A lot more improvements can be 
done by curve detection, proper character definition and to 
recognize all BOC.  
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Abstract—Sentiment Analysis (SA) is an opinion mining study 
analyzing people’s opinions, sentiments, evaluations and 
appraisals towards societal entities such as products, services, 
individuals, organizations, events, etc. Of late, most of the 
research works on SA in natural language processing (NLP) are 
focused on English language. However, it is noted that Bangla 
does not have a proper dataset that is both large and standard. 
As a result, recent research works with Bangla in SA have fallen 
short to produce results that can be both comparable to works 
done by others in other languages and reusable for further 
prospective research. In this work, a substantial textual dataset 
of both Bangla and Romanized Bangla texts have been provided 
which is first of this kind and post-processed, multiple validated, 
and ready for SAimplementation and experiments. Further, this 
dataset have been tested in Deep Recurrent model, specifically, 
Long Short Term Memory (LSTM), using two types of loss 
functions – binary cross-entropy and categorical cross-entropy, 
and also some experimental pre-training were conducted by 
using data from one validation to pre-train the other and vice 
versa. Lastly, the results along with analysis are presented in this 
research.  

 

Keywords—Dataset; Bangla; Romanized Bangla; Sentiment 
Analysis; LSTM 

I.  INTRODUCTION 

Bangla is spoken as the first languageby almost 200 million 
people worldwide, 160 million of whom are Bangladeshi [1]. 
Bangladeshi people are found to get increasingly involved in 
online activities such as - getting connected to friends and 
families through social media, expressing their opinions and 
thoughts on popular micro-blogging and social networking 
sites, sharing opinions and thoughts by means of comments on 
online news portals, doing online shopping through online 
marketplaces and other such applications. However, it is 
becoming increasingly harder for such businesses to monitor 
and analyze market trends, especially when it is done by 
analyzing the reaction of the customers on their products or 
services, due to less or no human-to-human interaction in such 
businesses. Moreover, the task of going through comments and 
reviews from each individual customers and figuring out the 
sentiments within is tedious and in some cases simply 
intractable, especially considering that - usually very high 
volume of data is generated very quickly in this day and age of 
digital connectivity. Therefore, application of 
automatedSentiment analysis (SA) [2] can play a vital role here 
for enhancing efficiency and productivity. 

SA is widely employed as a machine learning application in 
many areas, and is known byby many other terms e.g. opinion 
extraction, sentiment mining, opinion mining, subjectivity 
analysis, emotion analysis, review mining, etc. Most of the 
research works found on SA are based on the English 
language, while Bangla SA is still at a formative stage. An 
interesting work by Das and Bandyopadhyay [2] on 
subjectivity detection included Bangla but it is not self-
sufficient, as English is also needed. However, none of the 
works truly considered Bangladesh's perspective. We need to 
consider not just standardized Bangla, but Banglish (Bangla 
words mixed with English words) and Romanized Bangla. 
These three major types can again be loosely categorized in - 
good, standard, bad, wrong, totally wrong, particular to specific 
location (almost arcane), etc., depending on the level of clarity, 
grammatical correctness, meaningfulness, personal 
idiosyncrasies, impact of localization etc. Moreover, for the 
Romanized Bangla the added complexity is due to the variation 
in transliteration between people who know English well and 
those who do not[3]. The reason, that no clear standard is 
followed when 160 million Bangladeshi people write in any of 
the mentioned types, makes it all the more complicated and 
challenging to work with.  

In the recent past, Deep Learning methods, specifically 
recurrent model-based deep learning models have enjoyed a lot 
of success in Natural Language Processing (NLP), compared to 
more traditional machine learning methods [4]. While there are 
other approaches to SA, in this research we will concentrate 
exclusively on deep learning based techniques. Our key 
contributions cover – 

• A Data set of 10,000 Bangla and Romanized Bangla 
text samples, where each sample was annotated by 
two adult Bangla speakers 

• Pre-processing the data in a way so that it is readily 
usable by researchers.  

• Application of deep recurrent models on the Bangla 
and Romanized Bangla text corpus. 

• Pre-train dataset of one label for another (and vice 
versa) to see if it gives better results. 

The paper is organized as follows. In section 2, we discussed 
the background of our work and the works of others in the 
same field that inspired and helped us in a way. In section 3, 
we discussed in details about the dataset that we used for our 
experiments. Section 4 discusses the methodology and also 
includes the experimental setup for the deep recurrent models. 
Section 5 has all the discussion about various results found 
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from our experimentation, and lastly the article concludes with 
section 6. 

 

II. BACKGROUND 

A. Sentiment Analysis 

A key point of our work is Sentiment Analysis, on Bangla 
(and Romanized Bangla) language. Although the term 
"Sentiment Analysis" may have appeared for the first time in 
Nasukawa and Yi [5] , research works on sentiment appeared 
as early as in 2000 [6-8]. With advent of social media on 
internet e.g. Facebook, Twitter, forum discussions, reviews, 
and its rapid growth, we were introduced to a huge amount of 
digital data (mostly opinionated texts e.g. statuses, comments, 
arguments etc.) like never before, and to deal with this huge 
data the SA field enjoyed a similar growth. Since early 2000, 
sentiment analysis has become one of the most active research 
areas in NLP. 

However, most of the works are highly concentrated on 
English language, favored by the presence of standard data 
sets. Standard datasets allow researchers to do their own 
experiments and compare their contributions with those of 
others. For the English language, an example of such a 
standard SA dataset is the IMDB Movie Review Data set, 
which contains 50,000 annotated (positive or negative movie 
review) movie reviews made by the viewers. This dataset was 
originally created by Maas, et al. [9] and since then has been 
used by a multitude of different studies.  

A detailed survey paper [10] presented an overview on the 
recent updates in SA algorithms and applications, categorizing 
and summarizing total 54 articles that had been published till 
2014. Godbole, et al. [11] collected opinions from newspaper 
and blogs, and assigned scores indicating positive or negative 
opinion to each distinct entity in the text corpus to do SA. In 
[12], they proposed and investigated a paradigm to mine the 
sentiment from a popular real-time micro-blogging service like 
Twitter, and they fashioned a hybrid approach of using both 
corpus-based and dictionary-based methods in determining the 
semantic orientation of the tweets. 

 

B. Sentiment Analysis for Bangla 

It is quite unfortunate that there is no standard collection of 
data, such as - the IMDB dataset, Twitter corpus etc. for 
Bangla texts. One effort for standardization came from an 
automatic translation of positive and negative words of 
SentiWordNet[13]. However, no corpus was created from this 
work, thereby limiting its usage to word level determination of 
sentiment, rather than the more complex natural language 
processing methods. Additionally, such simplified techniques 
do not consider the variety of ways in which people usually 
write, e.g. spelling mistakes, using colloquial terms etc. 

A small dataset of Bangla Tweets were collected along with 
Hindi and Tamil by Patra, et al. [14], where the authors 
reported on the outcome of a shared Sentiment Analysis task of 
Indian languages. They used 999 Bangla tweets for training 
and 499 for testing. They did some post processing such as 

pruning of emoticons from the tweets and removal of 
duplicated posts. This data was annotated manually by native 
speakers. However, in terms of usability the dataset's small size 
is a limiting factor for modern deep learning techniques. 

Another similar collection was done in [15], where 1400 
Bangla Tweets were collected automatically. However, their 
dataset is not publicly available, and the size of the dataset is 
rather small.  

A slightly larger corpus was collected, automatically 
annotated and manually verified byDas and Bandyopadhyay 
[2], as their collection was almost 2500 Bangla text samples 
from news items and blog posts. The uniqueness of their 
collection over the ones collected by others [14, 15] was the 
average size of 288 words of their samples, which is quite a bit 
larger than the 144 character Tweet limit. 

With most of the other works proceeded in the similar way, 
the two biggest issues with the current state of affairs in Bangla 
SA research are -  first and foremost, the absence of a standard 
and big enough dataset to compare against, which makes 
comparison of research work extremely difficult, and secondly, 
none of the Bangla SA research takes into account the very 
prominent practical aspect of the use of Romanized Bangla[3]. 

 

C. Deep learning 

AI (Artificial Intelligence) has been traditionally done in 
two ways – i) Knowledge based, and ii) Representation 
learning based. Knowledge base approach to AI uses logical 
inference rules to reason about statements input by users. Cyc 
was one of the most famous of such projects [16]. The failure 
of knowledge based approach was the driving force into 
finding a way to give AI the ability to gather its own 
knowledge by extracting patterns or learning from the data – 
popularly known as Machine Learning. This new algorithm 
was based on representation of data or feature. That is, the 
system is given a number of features about the task in hand on 
which it will give a decision. Clearly if any of the features were 
wrong, it would mean wrong representation of the data and the 
system would not perform well. To rectify this situation 
representation learning based [17] algorithm was used. This 
algorithm gave better results than the manually tailored 
representation of data, and allowed systems to adapt to new 
tasks with ease. However, using this algorithm it was required 
that high level abstract features from the raw data were 
extracted without any error caused by misinterpretation due to 
the factors of variation, as there can be such factors (e.g. an 
accent in speakers speech) which would cause false 
representation in absence of highly sophisticated (human like) 
understanding. However, deep learning performed better with 
this issue, as it provides with complex representations 
expressed in terms of a number of other simpler 
representations.  
 

D. Recurrent Neural Network 

Recurrent Neural Network or RNN in short, has been 
widely used in speech recognition, handwriting recognition, 
natural language processing and others. Moreover, RNN is the 
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precursor to LSTM. While traditional neural networks failed to 
create a persistent model that would somewhat mimic the way 
our memory cells work for learning and remembering 
information, RNN – a class of ANN, has an interesting model 
design with a loop used as a feed-back connection which 
makes the information persistent[18, 19].The loop enables the 
flow of information from one step to the next.It is like there are 
multiple copies of same network, where a successor gets 
information from all the predecessors, connected in 
architecture that excels at processing sequential data.  

E. Long Short Term Memory (LSTM) 

While RNN’s success was critical in speech and pattern 
recognition due to its ability to remember temporal 
dependencies, it was not without problems. RNNs were able to 
connect previous information to current task, only when the 
gap between the information was small. As the gap widened, 
RNNs started to perform poorly. Also, the depth and 
complexity of layers are increase, the vanishing gradient 
problem causes difficulty in training. Long Short Term 
Memory (LSTM)is an extension of simple RNNs, which 
reduce the vanishing gradient problem and can remember 
dependencies over larger gaps[20]. In 1997, Hochreiter and 
Schmidhuber introduced LSTM, where a memory cell had 
linear dependence of its present activity and its past activity. 
Input and outputgates were introduced to efficiently modulate 
input and output. However, the introduction of forget gates 
were crucial to effective modulation of the information flow 
between present and past activities[21, 22].  
 ݅௧ = ௧ݔ൫ܹሺ௫ሻߪ +ܹሺሻℎ௧ିଵ +ܹሺሻܿ௧ିଵ + ܾሺ௧ሻ൯ 

 
(1) 

௧݂ = ௧ݔ൫ܹሺ௫ሻߪ +ܹሺሻℎ௧ିଵ +ܹሺሻܿ௧ିଵ + ܾሺሻ൯ 
 

(2) ܿ௧ = ௧݂ ∘ ܿ௧ିଵ + ݅௧ ∘ ௧ݔℎ൫ܹሺ௫ሻ݊ܽݐ +ܹሺሻℎ௧ + ܾሺሻ൯ 
 

௧ (3) = ௧ݔ൫ܹሺ௫ሻߪ +ܹሺሻℎ௧ିଵ +ܹሺሻܿ௧ିଵ + ܾሺሻ൯ 
 

(4) ℎ௧ = ௧ ∘  ℎሺܿ௧ሻ݊ܽݐ
 

(5) 

 
Equations 1-5 capture the LSTM model where, σ is the 

logistic sigmoid function. i, f, o and c are the input gate, forget 
gate, output gate, and memory cell activation vectors, 
respectively.The process in LSTM includes three gating 
functions. Each memory cell ct has its net input modulated by 
the activity of an input gate, and has its output modulated by 
the activity of an output gate. These input and output gates 
provide a context-sensitive way to update the contents of a 
memory cell. The forget gate modulates amount of activation 
of memory cell kept from the previous time step, providing a 
method to quickly erase the contents of memory cells. 

 
 

III. DATASET DETAILS 

Our dataset is called the BRBT dataset where BRBT 
stands for Bangla and Romanized Bangla Texts. This Bangla 
Sentiment Analysis (SA) dataset consists of total 9337 post 
samples. The dataset is unique because not only this is larger 
compared to others, but it also encompasses the till-now-
ignored Romanized Bangla. Romanized Bangla is the Bangla 
written in English alphabets. Inclusion of Romanized Bangla in 
the dataset is paramount, because the ease of writing Bangla 
using any standard QWERTY keyboard (without a Bangla 
keyboard e.g. Bijoy® keyboard) and the simplicity of using 
English as base language for the posts, have popularized 
Romanized Bangla not just in personal messages and micro-
blogs but also in Govt. sanctioned mass 
messages/announcements. The dataset is currently kept private 
for safe keeping and further improvement. However, it may be 
made available by personally contacting the owner/authors, and 
signing a consent form.  

A. Data Statistic 

Bangla texts holds 72% of whole textual data in the dataset 
while Romanized Bangla texts is the remaining 28%. There 
are –  

• Total number of entries: 9337 

• Bangla entries: 6698 

• Romanized Bangla entries: 2639 

B. Data Sources 

Data were collected from various micro-blog sites, such as, 
Facebook, Twitter, YouTube etc, and some online news 
portal, product review panels etc. Following is the statistic of 
data sources - 

• From Facebook: 4621 

• From Twitter: 2610 

• From YouTube: 801 

• From online news portals: 1255 

• From product review pages: 50 
 

C. Post collection data processing 

• Removal of emoticons:-emoticon, hash-tags were 
removed to give annotators an unbiased-text-only 
content to make a decision based on three criteria - 
positive, negative and ambiguous.  

• Removal of proper nouns:-Proper nouns were 
replaced with tags to provide ambiguity. All text 
samples were collected from publicly available 
sources and did not reflect the opinion of the authors.  

• Manual validation (by native speakers):- Collected 
data samples are manually annotated into one of three 
categories: positive (1), negative (0) and ambiguous 
(A). Each text sample was independently manually 
annotated by two different native Bangla speaking 
individuals for total two validations. Each annotator 
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validated the data without knowing decisions made 
by other. This ensures that the validations are 
unbiased and personal.  

 

TABLE I.  DATASET VALIDATION SAMPLES 

Text Sample Translation 1st 
Annotator 

2nd 
Annotator 

aেনক ভােলা হেয়েছ 
গান! 

Very nice song! Positive Positive 

মমর্ািnক সড়ক 
দঘুর্টনায় 3 জন 
িনহত। 
 
 

3 dead in a tragic 
road accident. 

Negative Negative 

Chotobelarmodhur din 
gulokhub miss kori 

Really miss the 
sweet childhood 
days 

Positive Negative 

Symponyer set 
gulakemon? 
 

How are Symphony 
mobile sets? 

Positive Ambiguous 

আেলা আেলা তΦ িম 
কখেনা আমার হেব না 
 

Light, light, you'll 
never be mine 

Ambiguous Negative 

D. Double Validation Analysis 

Table2 gives shows the confusion matrix between the 
labels given by the two annotators.We can see that the 
annotators agreed on 75% of the texts samples, giving us a 
base-line of human level agreement for this data set. Not 
surprisingly, the greatest amount of disagreements arise on 
text samples which at least one of the annotators labelled as 
ambiguous.  

TABLE II: CONFUSION MATRIX OF MANUAL ANNOTATIONS 

IV. DATASET SETUP 

The data was manually picked from various online micro-
blog sites, product review panels, news portals etc. For tweets 
‘bn’ parameters were used in the search option to access 
Bangla tweets only. There are over 10000 total Bangla and 
Romanized Bangla posts in the dataset.  

We checked for empty rows or columns, missing 
annotation, proper <PN> tagging (for dataset with proper 
nouns replaced), proper categorization etc. The resultant 

dataset is now both unique and error-free in terms of the 
abovementioned flaws.  

The entire data set was divided into Bangla and Romanized 
Bangla sections for convenience of future research.  Scripts 
are available from the Data set’s Github account to do the 
following: 

 

• Converting textual data into tokens 

• Saving the data as tuple ([data], [label1], [label2]) 

• Randomly shuffling the data 

• Serializing each datasheets and splitting three sets 
from each and making them available for public to 
download and un-pickle to use them in their models. 

For our experiments we applied the tokenizing, splitting, 
serializing scripts on the “full-text” (or unmodified texts 
column of the dataset with all the proper nouns, emoticons etc 
intact) also, hence creating additional sets of pickle files. 

V. MODEL IMPLEMENTATION 

Our dataset consists of three categories –  
• Positive, 
• Negative, and 
• Ambiguous. 

 
Depending on the dataset used and number of categories 

classified, we used three types of fully connected neural 
networks layer, which mainly differ by the number of  nodes 
in the output layer (Fig. 1). One and two output nodes were 
used for categorizing between positive and negative 
sentiments, and three output nodes were used when ambiguous 
labels were also included. 

 

 
Fig. 1. Dense layer schematic 

 
We used data for one validation set as pre-training for 

another validation set. More specifically, first we fit data from 
1st validation in the model to pre-train for 2nd validation data 
– which is fit in the same model afterwards. Likewise, we fit 
data from 2nd validation to pre-train for 1st validation data.  
This sort of pre-training was to check whether it can be useful 
to pre-train on an independently sentiment analysis data even 
if the labels did not match.  
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 Second Validation 

 Positive Negative Ambiguous 

Positive 2817 538 392 

Negative 178 3864 404 

Ambiguous 27 95 1022 
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VI. EXPERIMENTS 

A. Datase Preparation 

Our model is based on Recurrent Neural Networks (RNN) 
– more specifically we used LSTM neural network. We used 
Keras’ model-level library since it has all the required features 
to help us develop our deep learning model. We used Theano 
as the back-end for Keras. All our models are Keras 
Sequential models. First layer of the Sequential model is the 
Embedding layer. We used Embedding layer to implement the 
word to vector representation for the words in our dataset. We 
amax_featuresparameter as the input dimension argument for 
embedding layer. It signifies the total number of unique tokens 
returned by the tokenizer, which in turn means that 
max_features is also the vocabulary size (input_dim). The 
second layer is Long Short Term Memory (LSTM) with an 
internal state of 128 dimensions. The third is a fully connected 
layer with different activations for classification purposes. 

In our experiments, the last layer has 1, 2 and 3 nodes, 
depending on the classification regime attempted. When 
attempting to classify only positive and negative sentiment, 
which are represented by 1 and 0 respectively, the final fully 
connected layer has been configured with 1 and 2 neurons. 
When a single neuron is used, the loss function employed was 
binary-cross-entropy. When 2 neurons were used, we used 
categorical-cross-entropy instead. With the inclusion of 
ambiguous labels, the number of classes increase to 3, for 
which we used 3 neurons with a softmax activation in the last 
layer. The loss function employed in this case was categorical-
cross-entropy. 

Even in this simply configuration, the number of 
parameters of the network is quite high and it is possible to 
easily overfit such models. To avoid this we used Dropout 
[23] rates of 20% between the Embedding and LSTM layer at 
training time.. 

B. Experiment model label tags 

There are actually 36 unique experiments using the same 
LSTM model, depending on the dataset used, processing of 
texts, loss function used, processing of labels (annotations on 
data), and input_dim value for Embedding layer. However, it 
turns into a total of 72 experiments – one half of experiments 
where label 1 (1st validation) is used for pre-training, and the 
other half where label 2 (2nd validation) is used for pre-
training. Following are the tags used in experiments and what 
they actually mean. 

• Tags used for different types of dataset –  
Dataset Type Tag used in experimental 

labels 
Bangla and Romanized Bangla (total) BRBT 
Bangla (only) Bangla 
Romanized Bangla (only) RB 

• Tags used depending on processing of texts/posts –  

Processing of texts 
Tag used in experimental 

labels
<PN> removed and other 
modifications 

PN 

Full texts (no modification) FT 

• Tags used based on loss function – 

Loss function used 
Tag used in experimental 

labels
Binary_crossentropy bin 
Categorical_crossentropy cat 

• Tags used based on Annotation data modification- 

Annotation data modification 
Tag used in experimental 

labels
Annotation value of ‘A’ removed 
(label along with data removed) 

ra 

Annotations value of ‘A’ converted to 
2 

ato2 

• Tags used based on different type of  max_features  
applied - 

Max_features type 
Tag used in experimental 

labels
Non-fixed, ranging from 20,000 ~ 
40,000 depending on the dataset type 
and size 

1 

Value fixed at 500 2 

 

VII. RESULTS AND DISCUSSION 

 
Highest accuracy was attained by Bangla dataset with 
categorical crossentropy loss, modified text, Ambiguous 
removed and non-fixed max_features, with 70% of accuracy – 
which is 20% more than chance for two category dataset. 
However, this experiment on BRBT dataset with categorical 
loss, modified text, ambiguous converted to 2, has a low 
accuracy score of 55% but for a three category it scores 22% 
more than chance (33%). Therefore, it is clear that most of 
experiment sets (dataset-wise, or PN-FT tag-wise, or loss 
function-wise, and label category-wise) scored above chance. 
However, none of the experiments with fixed max_features 
(vocabulary size for Embedding layer) scored well compared 
to the non-fixed variants.  

 
Fig. 2. loss-val_loss graph for bangla_cat_PN_ra_1 (2nd validation) 
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Fig. 3. acc-val_acc graph for bangla_cat_PN_ra_1 (2nd validation) 

VIII. CONCLUSION 

The goals of the research may be summarized as 
following: 

1. Pre-processing the data in a way so that it is readily 
usable by researchers.  

2. Application of deep recurrent models on a Bangla 
and Romanized Bangla text corpus. 

3. Pre-train dataset of one label for another (vice versa) 
to prove its usefulness. 

To meet the goals, a BRBT (Bangla and Romanized 
Bangla Text) dataset of total 9337 entries with 6698 entries for 
Bangla and 2639 for Romanized Bangla texts were pre-
processed.  Then dataset was split and serialized into training 
set, testing set and validation set. 

 
For the experiments, LSTM which is a deep recurrent 

model was applied. There are total 32 different experiments 
based on the same model with only differences in dataset used, 
loss function applied, modification done (or not) on data 
(proper noun replaced with <PN> tags, duplication removal 
etc.) etc. While most of the experiments scored accuracy 
higher than chance in percentage, Bangla dataset with 
categorical crossentropy as loss function and non-fixed 
max_features for the embedding layer with “Ambiguous 
removed” scored highest with 78% in accuracy for 2 category 
(results compared from both pre-training set of experiments), 
and Bangla and Romanized Bangla dataset (modified text set) 
with categorical crossentropy loss, non-fixed max_features, 
and “Ambiguous converted to 2” scored highest with 55% in 
accuracy for 3 category.  

 
The implementation of pre-training dataset of one label for 

another has showed that, even if the labels do not match it is 
useful to pre-train on an independently annotated SA data. 
From four experiments done from the alternate experiment set 
consistent result from 2nd validation data (label 2) have been 
observed. 
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Abstract—Twitter has been exceedingly a ubiquitous 
phenomenon with a thriving appearance in almost every 
country in the world. In this modern epoch, game is one of the 
most popular genres to tweet. Furthermore, sentiment analysis 
is used to analyze the patent opinion of a person by mining text 
units i.e.  tweets. In this paper, strategy based categories of 
virtual games were identified; top most countries according to 
users were detected; foremost usable language of the users was 
ascertained; and advertisement from assorted game related 
tweets were filtered to retrieve sentiment tweets exclusively 
through simulation. In light of these findings, a new gestalt of 
sentiment analysis of virtual game related tweets is 
accomplished. 
 
 Keywords—Sentiment  Analysis;  Natural  Language  
Processing; Naïve Bayes Classifier; Twitter; Games  
 

I. INTRODUCTION 

Online social media have acquired astonishing global 
augmentation and become a resounding fashion of the 
neoteric vogue by drawing attention from miscellaneous 
types of users. This is predominantly a digital platform that 
enriches the social norm overhead virtually. Social relations 
among people are being expanded and prolonged by 
content-sharing, social interaction, and also proper 
cooperation. Facebook, Twitter, LinkedIn, Google+ etc. are 
the most meticulous social network sites.   

At the present time, online social media are getting more 
popularity for innovating and updating information into a 
dynamic forum incessantly [1]. An innate feature of many 
social network sites that differentiates them from 
mainstream news media sites is the information network 
evolved by the users following their preferred generators of 
information [2]. Twitter is one of the micro-blogging 
websites which was launched back in 2006. In fact, Twitter 
is a network of information constructed of one hundred and 
forty (140)-character messages, namely Tweets. This is the 
best platform to commence the peregrination for finding out 
and following several engrossing Twitter accounts to access 
resources that users desire recurrently [6].   

Crafting a post or tweet is also another spontaneous 
matter. Eventually, Twitter is a swift content provider of 
real time updates. Some researchers confide that Twitter can 

be suitable for predicting particular and certain outcomes 
such as: Elections, Business Strategies, Political Protests 
and Challenges as well as Human Behavior and explanation 
of their momentary actions. Researchers apply different 
kinds of sorted schemes and processes for their 
investigations, where Sentiment Analysis is one of those 
investigations.   

Sentiment Analysis is a comparatively recent developing 
sector which covenants with extracting and assenting user 
opinion automatically [7]. Sentiment Analysis prefers using 
the Natural Language Processing (NLP) tasks at numerous 
levels of granularity [7,8]. Generally, NLP, Machine 
Learning methods, Statistics are applied to recognize, mine 
the sentiment contents or substances of the targeted text 
units (blogs, user reviews, comments and so on). This 
analysis is mentioned as the terminology called Opinion 
Mining as well. For redacting the Sentiment Analysis or 
Opinion Mining, researchers need both structured (tweet 
metadata) and unstructured (tweet text) segment of data.   

In this paper, design of a novel classification framework 
is prepared for separating sentiment from assorted game 
related tweets coalesced with advertisements; simulation of 
the developed framework is carried out; and analysis of the 
result is depicted to validate the accomplishment of the 
developed framework.    

II. LITERATURE REVIEW 

According to Giachanou and Crestani (2016), user-
provided information is a powerful origin of public views 
and it can be vital for the diversified applications that want 
to comprehend and analyze the public opinion about certain 
incidence [1]. As users publish real time reaction about 
approximately everything on the micro-blogging website 
Twitter, the website generates contemporary and diversity in 
terms of challenges. Because of easy access to published 
posts, Twitter is considered as one of the largest datasets 
encompassing user generated information.  

Holton et al. (2014) described that a survey conducted on 
Twitter has revealed a more discrete social orientation 
between the followers rather forwarding messages as 
Retweets [10]. Twitter characterized by some features it has 
conceded, such as:   
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Tweet: Creating a post in Twitter. Each tweet permits 
140-charaters for sharing users’ personal information, 
opinions, interests, news, views, photos, blogs etc.   

Mention: Mentions in a tweet entails the post indicating 
a different user. Mentions have to be referenced to valid 
usernames. Mentioning in Twitter is much more convenient 
than the other social network websites like Facebook, 
although Facebook is coping up regarding this issue.  

User: At first, a user has to be registered him/herself for 
tweeting with legitimate credentials. User has to be allotted 
a unique and valid username.   

Hashtag: A hashtag is a metadata (data about data) tag 
used in micro-blogging services or social network websites. 
Hashtags are used to specify the concern of a tweet to a 
certain entity. #game, #ClashClans are some of the 
examples of hashtags.   

Retweet: This is nothing but just forwarding or reposting 
an exact previous post. Retweeting is considered as a 
powerful tool for promoting and publicizing trendy 
scorching topics or contents.   

Follower: It refers to the users who follow other users or 
interesting matters to get up-to-date news, views, 
information etc.    

Privacy: Twitter provides the preference to the users to 
make their posts appear to everyone or solitary to the 
preferred followers in Twitter, as mentioned by Giachanou 
and Crestani (2016) in their paper [1].  

Cambria et al. (2013) have chalked down Sentiment 
analysis into three major categories: knowledge-based 
procedures, statistical methodologies and hybrid approaches 
[11]. Knowledge-based procedures catalog both prominent 
and random words to particular emotions. On the other 
hand, statistical methodologies maintain the components 
from machine learning. The sentiment uses classifiers 
trained on both Twitter sentiment as well as reviews from 
the data sets. The larger part of Sentiment Analysis and 
Twitter Sentiment Analysis methods reveal sentiment based 
on a feature set [1]. The outcome will be more precise when 
the text is similar to the original training data. The most 
repeatedly used semantic features are sentiment words, 
concepts, negation and opinion words. Opinion words refer 
to phrases that are characterized as suggestive thoughts. 
Sentiment words comprise both positive and negative 
sentiment. According to Amati et al. (2014) and Aston et al. 
(2014), Twitter Sentiment Analysis (TSA) mostly depends 
on Sentiment Analysis using negation [14, 15].   

However, game related tweets contain both sentiment 
and advertisement. Therefore, a classification framework is 
required to separate these two to retrieve sentiment for 
further analysis. Not much research has been undertaken in 
this regard, thus the work presented in this paper is unique 
in nature.    

III. METHODOLOGY 

Social network sites have revolutionized the way in 
which people interact with each other. Micro-blogging 
websites like Twitter is an impressive and prominent tool 
for obtaining new thoughts or insight. As random tweets had 
been collected from Twitter, different data types were 

retrieved. Generally, data are labeled (structured) but the 
text units are unlabeled (unstructured). For this reason, 
structured and unstructured data were analyzed separately, 
as shown in Fig. 1.  

 
Fig. 1.   Analytic approach of sentiment and advertisement classification  
 

A. Structured data analysis:   

Structured data is simple to sort. Sentiment analysis 
provides three types of approaches and one of these three is 
statistical method. The statistical method is chosen to run 
the simulation work. Statistical Natural Language 
Processing uses stochastic, probabilistic, and statistical 
methods to evolve some of the difficulties including 
extended sentences which are highly oracular when 
processed with realistic semantic and conveying numerous 
possible analyses. Structured data is mined for finding 
categories of games, countries with most users and major 
language used in Twitter.   

 
Games Categories: Games are nothing but a calculated 

strategy or approach. Rules, competitors and achievements 
are must criteria for any kind of game. In this modern world, 
game is one of the best current affairs for posting in various 
social network sites like Facebook, Twitter etc. [16]. For the 
research, random tweets regarding games were collected 
from Twitter. Afterward, those tweets were arranged into 
different categories(as shown in Fig. 2). Such as:  

Massively Multiplayer Online (MMO): This type of 
game is an online game which is susceptible of supporting 
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large numbers of players simultaneously in the same case. 
For example, World of Warcraft, Star Wars: The Old 
Republic, Planet Calypso etc.  

Simulations: This kind of games attempts to copy 
different activities from real life in the form of a game for 
various motives as well as training, analysis, or prediction, 
e.g. Game Dev Story, Goat Simulator, Infinite Flight 
Simulator etc.   

Adventure: For over 30 years, adventure games have 
been the most story-driven computer game group. The 
contestant plays a fantasy role in an episodic adventurous 
feat story, such as: Crashland, Dead Effect 2 etc.   

Real-Time Strategy (RTS): Real-time strategy games 
have already gained the popularity of turn-based strategy 
computer games. The participants position and maneuver 
units and structures under their control to secure areas of the 
map and/or destroy their opponents' assets. Like, Total War 
Battles: Kingdom, Clash of Clans.   

Puzzle: The Room 2, Monument Valley etc. are puzzle 
games that are refer to exercise the brain by fitting different 
pieces together.  

Action: Adventure games are about exploration and big 
worlds to look through. Need For Speed Rivals, WARP.  
Action is probably the spacious and most isolated genre in 
gaming.   

Browser games: A browser-based game or online game 
is played completely within a web browser rather than 
through a video game or other tackle. Roblox, Animal Jam, 
Sword Saga etc. are examples of web browser game.   

Sports: An athletic recreation requiring physical strength 
and skill often of a competitive nature virtually. For 
example: FIFA 14, PES 2014 etc.   

Shooter: The main fact of shooter game is that it can be 
from any perspective. Shooter games are an ample action 
genre where the player shoots target as a primary gameplay 
mechanic, such as: Hitman, Sniper, Modern Combat.   

Role-Playing Game (RPG): Pokémon Go, 7 Mages, 
Desktop Dungeons etc. are the Role-Playing games. 

  

 
Fig 2: Game Categorization workflow  

Language Comparison: To see which languages are 
mostly used, first a list of used languages in collected 
tweets was created. After that, the “lang” entity of every 
tweet was checked and the related language count was 
increased by one. When all the tweets were checked, the 
percentage was calculated and a graph was created to 
show the most used top five languages. 
 

 
 
Fig 3: Language Comparison workflow 

 
User Authentication: To get the authentic users data from 
collected tweets, a unique list of “user.id_str” collected 
from the tweets. Then every single user’s “user” entity 
was searched from the database that contains tweets and 
stored to a new database. 

 
 
Fig 4: User Authentication workflow 

 
Comparison of countries according to user count: After 
getting the authentic users from the tweets, a country list 
was created according to users’ time zone or location. 
Then every user’s location or time zone was checked to 
detect the country from the user was. 
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Fig 5: Comparison of countries in terms of users 

B. Unstructured data analysis:  

For the sentiment analysis of the unstructured data, NLP 
was conducted and Machine Learning process was used to 
detect advertisement for separating from the personal 
(sentiment) tweets.   

Natural Language Processing (NLP): NLP enables 
computers to derive meaning from human or natural 
language input. It has some major tasks, namely Automatic 
condensation, generating a readable and understandable 
concise of a shred of text.   

Oration Analysis: This semantic includes a number of 
connected tasks.  

Machine Translation: Automatically interpret text unit 
from one human language to another. This is a complex 
process.   

Natural Language Understanding (NLU): NLU involves 
the recognition of the intended semantic from the multiple 
realistic semantics that can be executed from a natural 
language expression.   

Information Extraction: This is apprehensive in general 
with the release of semantic information from text. It covers 
the relationship extraction as well.   

Machine Learning: Machine Learning is about learning 
structure from data. This is intimately related to 
computational statistics. This is sometimes mixed up with 
data mining. It has supervised and unsupervised approaches 
to learn. It provides some processes to work such as 
classification, clustering, regression, density estimation etc. 
Machine learning and Statistics are nearly related fields. In 
this research work, Naïve Bayes Classifier was used for 
classification.   

Naïve Bayes Classifier: This classifier is one of the 
simplest probabilistic classifiers. This is based on Bayes’ 
theorem with strong (naïve) independence postulations 
between the features. Naïve Bayes Classifier can be trained 
efficiently and effectively in a supervised learning 
environment comprising of several kinds of probability 
models.  

Classification of game related tweets into sentiment or 
advertisements using Naïve Bayes Classifier: At first, a set 
of texts from random tweets were collected from the 
database. Then the tiny URLs (Uniform Resource Locators) 
were removed as they had no impact on the text. After that, 
they were tagged with two words, either ‘advertisement’, or 
‘sentiment’. They were saved in a CSV file. Then the Naïve 
Bayes classifier was trained to recognize the pattern of 
advertisements and sentiments with learning using the .csv 
(Comma Separated Values) data set. Then, every textual 
part of the tweets was tested according to this classifier to 
detect if the text was advertisement or not. After that, a 
comparison graph was plotted. A manually created testing 
set of data proved that the accuracy of the classifier was 
76.02%. 

 
Fig 6: A glimpse of the training dataset 

 
Fig 7: Naïve Bayes Classifier workflow 
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IV. RESULT 

Among these aforementioned categories of total 77 
games categorized into 10 categories, the most desired 
strategies of games were ascertained according to statistics 
which are tweeted most of the time on twitter. Fig. 8 shows 
that Massively Multiplayer Online games are the most 
exoteric and 43.25% people already tweeted about this on 
Twitter. As opposed to, Simulation category is in the lowest 
of the scale of popularity with 0.25% after puzzle category 
that stands with 0.35%. Pokémon go, Battle Champ and 
other Role-Playing games are in second position with 
21.42% popularity. Thereafter, Sports (12.24%), Adventure 
games (9.05%), Action game (5.29%), Browser games 
(3.72%) are in the shallower position methodically. Real-
Time strategy (2.14%) and Shooter (0.82%) are contiguous 
to the downcast position. Still these types of games are 
mostly tweeted.  

 
 
Fig 8: Strategy based popular game 

Considering more games related tweet facts, top 
countries according to users is one of them. Among 97 
countries and 188434 users, Fig. 9 depicts that among the 
countries with active users, United Kingdom (14.78%) is in 
the top most position.  Moreover, the rest of countries have 
sundry users according to the statistical approach. For 
example, United States have only 7.80% of users who tweet 
on games. Ecuador (2.89%) and Russia (2.49%) are the 
lowest among the topmost countries. The rest of the 
countries are The Netherlands (5.96%), Spain (5.92%) and 
others to follow.  

 
Figure 9: Top 10 countries according to the number of users who tweet 
regarding games 

Language is another important segment of game related 
tweets. Dynamic users and spectators are reflected in the 
platform’s language disruption. Fig. 10 portrays that English 
(73.75%) is on the foremost position as users’ preferred 
language. Spanish (7.32%), French (5.17%), Japanese (4.86) 
and Portuguese (2.33%) trail far behind English. 

Figure 10: Top 5 Languages according to the number of users who tweet 
regarding game 

Everyday about 500 million of tweets are tweeted. 
Among them all are not entirely similar in types. Some 
tweets are sentiment and rests of them are advertisement. 
Specially, the retweets are mostly identified as 
advertisements. For detecting advertisement and separating 
them from sentiments, NLP techniques were used.  

Total tweets collected were 353,671 from 188,434 users, 
among which 329,316 were related to games. Among them, 
246,281 were in English Language. With the relevant 
training data, applying Naïve Bayes Classifier, it was 
detected from the Fig. 11 that 66.33% of the tweets were 
advertisements and the rest of 34.67% were sentiment 
tweets.  

 
Figure 11: Advertisement vs. Sentiment tweets 

 
V. ANALYSIS OF THE RESULT 

From this outcome, it can be evolved that most of the 
game related tweets are about Massively Multiplayer Online 
(MMO). Rests of the games concerned tweets are slightly 
vicinal of MMO.  

Most of the tweets are tweeted from the first world 
countries. So, it can be decided that they are the prime 
consumer of the gaming industry.   

As English is the most widely used language in the 
world, most of the social network sites (SNSs) use English 
as their default Language. English has no close contender in 
any way. 
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Naïve Bayes Classifier is an old algorithm, but it shows 
good accuracy of 76.02% in this work. Naïve Bayes 
Classifier is confident to identify the advertisement from the 
sentiment with accuracy. As the training data set was 
generated manually, this result can be improved providing 
enhanced training data set. 

 
VI. LIMITATIONS OF THE WORK 

After observing and classifying all these tweets, the 
countries or the time zones of some of the users cannot be 
distinguished simultaneously. As some users located their 
countries or time zones, several users gave either 
geolocation or time zones and some particular users did not 
give any of them during they tweet.   

At the present time, some games are made with mixed 
categories. Therefore, separating them into specific types of 
categories gives inconsistent outcomes.  

The accuracy of entire consequence relies on the training 
data set. Hence, improving training data set would give 
better outcome.   

 
VII. CONCLUSION AND FUTURE WORK 

Twitter is a short broadcast medium of blogging. 
Recently the research interest for analyzing tweets is 
increasing rapidly as more people express their sentiment 
through Twitter. This research reveals an overview on the 
recent updates of game related tweets. This also elicits that 
game related advertisements can be detected and separated 
from sentiment. Research outcome can help shaping up the 
game development in particular.   

Naive Bayes classifier is suitable for this task. The 
accuracy of the outcome is about 76.02%.  

This research will be subsidiary for the start-up 
companies who what to deal with games business. Which 
games are more popular and should be developed, these 
types of decisions can be taken spontaneously if they follow 
this statistical survey. So, this paper can also predict the 
game business strategy.  

To know the reaction of the people about game, the 
advertisements and the sentiments must be segregated. And 
here the first step to detect the advertisement and separate 
them from sentiments have completed. In future, further 
sentiment analysis regarding polarity, mood and dimensions 
will be accomplished.  
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Abstract—Handwritten digit recognition is a typical im-
age classification problem. Convolutional neural networks, also
known as ConvNets, are powerful classification models for such
tasks. As different languages have different styles and shapes of
their numeral digits, accuracy rates of the models vary from each
other and from language to language. However, unsupervised
pre-training in such situation has shown improved accuracy
for classification tasks, though no such work has been found
for Bangla digit recognition. This paper presents the use of
unsupervised pre-training using autoencoder with deep ConvNet
in order to recognize handwritten Bangla digits, i.e., 0 - 9. The
datasets that are used in this paper are CMATERDB 3.1.1 and
a dataset published by the Indian Statistical Institute (ISI). This
paper studies four different combinations of these two datasets -
two experiments are done against their own training and testing
images, other two experiments are done cross validating the
datasets. In one of these four experiments, the proposed approach
achieves 99.50% accuracy, which is so far the best for recognizing
handwritten Bangla digits. The ConvNet model is trained with
19,313 images of ISI handwritten character dataset and tested
with images of CMATERDB dataset.

I. INTRODUCTION

This paper primarily aims at recognizing handwritten
Bangla numeral digits. Bangla is the mother language of
Bangladesh and the 7th most widely spoken language in the
world [1]. There are more than 200 million native Bangla
speakers. It is the official language of Bangladesh and several
Indian states including West Bengal, Tripura, Assam and
Jharkhand [2]. As application of optical character recognition
(OCR) is widespread in these regions, recognizing handwritten
Bangla digits is becoming more important [3].

Recognizing Bangla handwritten digits is more challenging
than recognizing English digits because of their critical shapes
and varied sizes. However, this is a classical image classifi-
cation problem and datasets are important for this purpose.
This constitutes another major challenge to the recognition
of Bangla digits compared to that of English digits; there
are very few datasets available in Bangla. CMATERDB 3.1.1
and ISI handwritten character dataset [4] are the most notable
among them. The largest dataset of English handwritten digits
is MNIST consisting 60000 images [5], whereas ISI, the largest
Bangla dataset, has only 23299 images [6]. The best accuracy
achieved on MNIST dataset so far is 99.79% [7], which is very

close to how human would recognize. However, such excellent
result is unprecedented in Bangla digit recognition.

Many research works were conducted on Bangla hand-
written digits recognition [8] - [13]. C. L. Liu and C. Y.
Suen proposed a benchmarked model with a reported accuracy
rate of 99.4%. They worked on the ISI numeral dataset using
advanced normalization techniques and gradient based feature
extraction [6]. In [10], a hierarchical bayesian network was
proposed to classify the images with an accuracy of 87.5%.
This model was based on George and Hawkins’ original
implementation stated in [14]. A quad tree based feature
set was used in [12]; the accuracy rate of this model was
93.38%. In [11], sparse representation classifier produced an
accuracy rate of 94%. [13] worked with local binary pattern
for classifying Bangla digits resulting an accuracy of 96.7%.

Neural networks are very versatile for the classification
problems. [4] is one of the initial studies employing end-to-
end neural network training in this context. A Le-net like
architecture was used in [4] to classify Bangla digits of ISI
numeral dataset. They achieved an accuracy rate of 98.375%
on the test set. Recently, [15] used similar neural network on
the ISI dataset. As it is a comparatively small dataset, they
augmented the training images by rotating each image by (5 ◦,
10 ◦, 20 ◦ and 30 ◦). However, their augmentation process was
almost equivalent to hand fitting the images, as the change
in rotation angles was done individually and then tested for
validation accuracy. The best accuracy 98.98% was achieved
only when the images were rotated by 10 ◦. By doing so, the
images were fine-tuned in such a way that the model learns
the specific features which were applicable to the test set.

Convolutional neural networks (CNN) are well recog-
nized models for handwritten digit recognition. [16] surveys
different such approaches, but all of them are for English
digits recognition [17]. The result discussed in [7] was also
achieved using ConvNet. For Bangla digit recognition, this
study finds that [15] is the only work that uses ConvNet for
supervised learning. However, unsupervised pre-training along
with supervised ConvNets has not been tried in any Bangla
digit recognition work so far.

Autoencoders are used for unsupervised learning; An au-
toencoder has an input layer, a set of hidden layer and an
output layer. In [19], denoising autoencoders were used for
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extracting features from images. In [20], content based image
retrieval was done with the help of deep autoencoders. [21]
presented a detailed explanation of the efficacy of unsupervised
pre-training for supervised learning. [22] applied autoencoders
as a pre-training method on the MNIST dataset and achieved
very competitive error rates. No such attempt can be found
for Bangla character recognition. Thus, this paper uses au-
toencoders and deep ConvNet for classifying images of two
widely used standard datasets - CMATERDB and ISI numeral
dataset are used for the experiments.

The rest of the paper is organized as follows: Section II
contains the background on ConvNet and autoencoders. Sec-
tion III introduces our proposed approach, details of our used
dataset and necessary pre-processing. Section IV describes
different experiments we did and the methods followed for
them. Section V discusses our results and the impact. Finally,
conclusions are made in Section VI.

II. BACKGROUND

A. ConvNet

Convolutional neural network [23] or ConvNet is a special
kind of ANN (Artificial neural network). ConvNets have
learnable weights and biases. Just like ANN, ConvNets are
trained with the backpropagation algorithm though they have a
different architecture from traditional multi layer perceptrons.
There are many advantages of using ConvNets as an image
classification tool, mainly due to the fact that they can be
used as a feature learner and data classifier simultaneously.
[16] showed that ConvNet based approaches outperform other
more traditional techniques, e.g., SVM, KNN etc.

MNIST is one of the most popular dataset for handwritten
digit classification. The best result for this dataset so far is
99.79% which was done by regularizing the neural networks
using dropconnect [7]. Other than classification ConvNets are
used for many different purposes, such as face recognition,
speech recognition, natural language processing etc [23]. Le-
Net5 is well known ConvNet architecture developed by Yann
LeCun in 1998 [18]. Le-Net5 architecture was able to suc-
cessfully classify digits and recognize the handwritten digits
on bank cheques.

The first layer of a ConvNet is a Convolution layer with
one or more kernels of fixed size. The input presented to these
networks are usually images, and the kernels convolved with
the input. The output of the convolution operations are passed
through non-linearities, i.e., the Rectified Linear unit (ReLu)
[24].

Pooling layers are also applied to outputs of the convolution
operations. These are methods to reduce the data size, and can
be done through averaging over a fixed region, choosing the
maximum from a fixed region, or any other chosen method.

Dense layers are also known as fully connected layers
which are used in the last stage of ConvNet. It connects
the ConvNet to the output layer and constructs the expected
number of outputs. For calculating the spatial dimensions of a
ConvNet the following formula is used:

Wout(i) = 1 +
Win −R+ 2P

S

Here i is the ith input dimension, P is the value of padding,
Ri is the receptive field and S is the value of stride.

B. Autoencoder

The functionality of an autoencoder is simply to output
the input which it receives, at times, a transformed version
of the input. This is not a difficult operation under normal
circumstances. The utility of autoencoders derives from the
fact that the input data is first transformed into a low dimen-
sional representation (the encoding part). This low dimensional
representation is then used to regenerate the input (the decod-
ing part). This scheme enables autoencoders to learn useful
representations of the input data without needing any labels
a-priori.

Autoencoder can be implemented using various types of
neural networks, e.g., ANN, ConvNet etc., depending on the
desired representation scheme. When used as a pre-training
method, the autoencoder is first trained in an unsupervised
manner, enabling the encoding part of the autoencoder to adjust
its weights to output useful low dimensional representations of
the data. These weights are then combined with further layers
and trained in a supervised manner. This approach has yielded
good results for multiple classification tasks [21].

III. PROPOSED APPROACH AND DATASET

A. Proposed Approach

As we discussed in Section I and II, results of recent studies
on image classification problems using convolutional neural
networks are very promising; traditional MLP is not sufficient
for this purpose. So we propose to use Deep ConvNet that
consists of more than one hidden layer. Figure 1 shows the
proposed approach following a discussion about its parts.

Fig. 1: Diagram of Our Proposed Approach

The encoder consists of 3 convolutional layers, each fol-
lowed by a 2 × 2 max pooling layer. All three layers of the
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encoder has 32 3×3 kernels. In between the layers dropout of
25% was used to reduce overfitting. The decoder has a similar
architecture with each convolutional layer having 5 neurons,
instead of 32. All the layers have RelU activation. Figure 2
shows the architecture of the autoencoder.

Fig. 2: Architecture of the Autoencoder

Figure 3 shows us the architecture of the convolutional
model, where the first two convolutional layers are taken
from the encoding part of the autoencoder, thus leveraging
the weights learnt during unsupervised pre-training.

Fig. 3: Architecture of ConvNet Model

B. Dataset and Preprocessing

Deep learning is a data-driven field and requires large data
sets. We worked with two datasets with our proposed approach
- CMATERDB and ISI dataset. CMATERDB consists a total
of 6000 images. We divided the images into 4200 and 1800 for
training and testing purpose. The ISI numeral dataset consists
a total of 23,299 images. The dataset was divided into 19,313
and 3986 for training and testing purpose respectively.

Images of CMATERDB are 32 × 32 pixels each. The
images were preprocessed before feature extraction in order to
normalize the features. They were first converted into grayscale
images. The images initially had white(0) background and
black(255) foreground. They were converted into black back-
ground and white foreground for our experiments.

ISI numeral dataset also had the same properties except
their image pixels was arbitrary. They were first reshaped into
32x32 pixels. After that, the same operations were done against
this dataset just as done in CMATERDB. Figure 4 Shows the
images from both the dataset after pre-processing.

To enhance the training sets, each image was randomly
rotated between 0◦ and 50◦. Each image was also shifted ver-
tically by a random amount between 0 and 6 pixels. Horizontal
shifts were also done in a similar range. These augmentations
increased the size of the training sets significantly, allowing
for reduced risk of overfitting. Figure 5 shows some samples
of the augmented images

Fig. 4: Digits for CMATERDB and ISI Numerals

Fig. 5: Augmented images

IV. EXPERIMENTS

The proposed model was trained in three different con-
figurations: SCM stands for the first model we made which
is Simple Convolutional Model, SCMA stands for Simple
Convolutional Model with Augmented images and ACMA
stands for Autoencoder with Convolutional Model with Aug-
mented images. All the three configurations were trained and
tested against CMATERDB and ISI numeral dataset, and cross-
validated with each other. The parameter size is 81053 for both
SCM and SCMA; for ACMA, it is 85770.

The autoencoder was trained for 40 epochs with the
RMSProp optimiser using binary cross entropy as the cost
function. It is also possible to use mean-squared-error as the
loss function, however that was not attempted in this study.
After the autoencoder is trained, the learnt weights are reused
in the ConvNet used for supervised learning. The layers were
not frozen at any stage and training continued to update the
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weights from the first epoch of supervised training. Supervised
training was done for 120 epochs, with the RMSProp optimiser
using categorical-cross-entropy as the loss function.

V. RESULTS AND ANALYSIS

For both datasets, ACMA gave the best accuracy rates,
even in cross-dataset testing, demonstrarting the efficacy of
unsupervised pre-training for this purpose.

Table 1 and 2 show the previously published results on the
CMATERDB and ISI Character datasets. Table 3 summarises
the accuracy rates obtained in different experiments. For the
ISI character data set, the results achieved by our ACMA con-
figuration is competetive at 98.29% accuracy. Infact, among all
the ConvNet-based studies, our reported result is second only
to that of [15], and we already have discussed the flaw in their
approach in Section I. When an ACMA model is trained on the
much smaller CMATERDB and tested on the ISI dataset, the
results are still an impressive 97.29%, which is comparable
to some previously published results shown in Table 2. To
reinforce the usefulness of supervised pre-training, we can see
that ACMA gives an improvement of .47% over SCMA with
the same dataset augmentation in place.

TABLE I: Past results on CMATERDB

Work Accuracy
Haider Adnan Khan et al. [11] 94%

Basu et al. [25] 95.1%
Hassan et al. [13] 96.7%
Basu et al. [26] 97.15%

Sarkhel el at. [27] 98.23%
Das et al. [28] 98.55%

TABLE II: Past results on ISI

Work Accuracy
Nasir and Uddin [29] 96.80%

Wen and He [30] 96.91%
Das et al. [31] 97.70%

Akhnad et al. [32] 97.93%
Bhattacharya and Chaudhuri [4] 98.20%

CNNAP [15] 98.98%

TABLE III: Accuracy in different experiments

Dataset SCM SCMA ACMA
Train:CMATERDB, Test:CMATERDB 96.59% 97.29% 98.61%

Train:ISI, Test:ISI 97.02% 97.43% 98.29%
Train:CMATERDB, Test:ISI 94.69% 96.82% 97.29%

TRAIN:ISI, TEST:CMATERDB 98.26% 98.76% 99.50%

When ACMA is trained on the CMATERDB and tested
on CMATERDB, the accuracy rate achieved is 98.61%, which
is better than the previously published results on this dataset
as shown in Table 2. The accuracy rate of 99.50% on CMA-
TERDB is obtained when ACMA is trained on the ISI dataset.
As far as we could ascertain, this is the best reported result on
the dataset, even better than the 98.61% accuracy achieved in
this study. This is particularly interesting because the character-
istics of the images in the two datasets are quite different, with

the ISI images being smoother and less blocky compared to
the CMATERDB images. This leads us to conclude that while
the autoencoder used in this study was trained to reproduce
images of each dataset individually, the representations learnt
by this method generalise across different types of images.

VI. CONCLUSION

This paper presents the implementation of unsupervised
pre-training, using an autoencoder, as a pre-cursor to su-
pervised training for Bangla handwritten digit recognition.
To demonstrate the effectiveness of this approach, we tested
with three different training configurations across two different
standard Bangla character datasets. For the test images of the
ISI numeral dataset, the proposed approach achieves accuracy
rates comparable with previous works. For the CMATERDB, it
achieves an accuracy rate of 99.50%, which is the best reported
result on this dataset so far. Apart from demonstrating the
utility of unsupervised pre-training in the context of Bangla
digit recognition, our results also indicate that such pre-training
can be useful even when the data sets are independently
(and blindly) collected. For every experiment, the model with
autoencoder and ConvNet gives better accuracy rate than the
model with only ConvNet. The proposed approach achieves
state-of-the art results for CMATERDB and very good results
for the ISI dataset. It is worth mentioning that previous
studies on Bangla handwritten digit recognition rarely reported
on these two datasets together. Future studies can explore
whether pre-training on larger datasets, which are not specific
to Bangla, can help achieve better results to be practically
useful.
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Möbius Function

Fatema Akhter
Jatiya Kabi Kazi Nazrul Islam University, Bangladesh

Email: fatema.kumu02@gmail.com

Yasuyuki Nogami
Okayama University, Japan

Email: yasuyuki.nogami@okayama-u.ac.jp

Abstract—Pseudo random sequences play an important role in
cryptography and network security system. This paper proposes
a new approach for generation of pseudo random sequence over
odd characteristic field. The sequence is generated by applying a
primitive polynomial over odd characteristic field, trace function
and möbius function. Then, some important properties of the
newly generated sequence such as period, autocorrelation and
cross-correlation have been studied in this work. The properties
of the generated sequence are evaluated on various bit length
of odd characteristics. Finally, the experimental results are
compared with existing works which show the superiority of the
proposed sequence over existing ones.

Index Terms—Finite field; primitive polynomial; trace func-
tion; möbius function

I. INTRODUCTION

Pseudo random sequences with long period and high
autocorrelation have many applications in spread spectrum
communication, mobile communication and radar engineer-
ing [1]–[6]. Their applications are also significant in net-
work security due to their cryptographic properties like linear
complexity [7]–[9]. During the last two decades, random
sequences such as Maximum Length Sequence [10], Legendre
Sequences [11]–[13] and Sidelnikov Sequences [14]–[16] have
been studied by many researchers for their importance in multi
user communication, cryptography and network security. Prim-
itive polynomials, trace and odd characteristics have become
important parameters in these researches as they determine the
scope and feature of the pseudo random sequences. Several
methods and techniques have been studied in order to achieve
true randomness. Unfortunately they are still in research to
achieve the goal.

This paper proposes a new approach for generation of
pseudo random sequence with a primitive polynomial, trace
function, and möbius function over finite field of odd char-
acteristic. Pseudo random sequences have some important
properties such as period, autocorrelation, cross-correlation
and linear complexity that characterize the applications of
the sequence in communication or security. Unfortunately, it
is familiar that these important properties cannot be proved
theoretically. However, if they are defined over a finite field,
Fpm , sometimes they can be proved [17]. If security is the
major concern, it is said that period, autocorrelation and linear
complexity of the sequence is preferred to be large while
cross-correlation is preferred to be low. Therefore it is very
important that these features must be studied while generation

of the sequences, in particular for security use. This study
proposes a new approach for generation of pseudo random
sequence and then, presents the period, autocorrelation and
cross-correlation of the generated sequence. Other properties
e.g. linear complexity is not studied in this study, which will
be in the future work.

In the extension field of Fpm let, p be an odd characteristic
and m be the degree of the primitive polynomial f(x). f(x)
is primitive meaning that a maximum length sequence over
Fpm can be generated from the polynomial. Let ω be its zero,
that becomes a primitive element in F∗pm , then the sequence
S = {si}, si = Tr

(
ωi
)
, i = 0, 1, 2, 3, ..., (pm− 2) becomes a

maximum length sequence of period, L = pm − 1, where
Tr (·) is the trace function over Fp [17]. In this proposed
work, first a primitive polynomial is generated over odd
characteristic, then a maximum length vector sequence is
generated from the primitive polynomial, then trace function
is applied on the vector sequence to map the vectors to
scalars and finally, möbius function is applied on the scalars
to generate the pseudo random sequence. Throughout this
paper, let random sequence mean three values {−1, 0,+1}
corresponding to möbius function, p denotes an odd prime
number and Fpm denotes the finite field over p, where m ≥ 2
is a positive integer representing extension degree. F∗pm is the
the multiplicative group of Fpm i.e. F∗pm = Fpm − {0}. This
paper presents all the terminologies and theorems based on
the odd characteristic prime field Fpm . However, any arbitrary
field can be adaptable as the base field.

The paper is organized as follows: Section II describes the
preliminary studies for proposed approach with the necessary
definitions and algorithms needed for implementation. Sec-
tion III describes the proposal of pseudo random sequence with
some examples. Section IV presents the experimental results
and describes the period, autocorrelation and cross-correlation
properties of the generated sequence. Finally, section V con-
cludes the paper with some future recommendations.

II. PRELIMINARIES

This section briefly describes the basic terminologies and
mathematical fundamentals such as primitive polynomial,
trace function, möbius function, autocorrelation and cross-
correlation of pseudo random sequence.
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A. Primitive Polynomial

A primitive polynomial [18], [19] of a finite field is a poly-
nomial that can generate all the elements of the field. The mul-
tiplicative group, F∗pm of non-zero elements of Fpm is cyclic
and can be generated from a primitive element. Let g be a gen-
erator of F∗pm with elements {1, g, g2, ..., gpm−2}, then every
non-zero element is represented as gi for i = 0, 1, .., pm − 2.
The element gi is primitive if and only if gcd(i, pm−1) = 1.
f(x) is a primitive polynomial if and only if the field element
x generates the cyclic group of all non-zero field elements of
the finite field F∗pm . Therefore, f(x) is primitive polynomial
if and only if

1) xp
m−1 ≡ 1(mod f(x)),

2) xk 6≡ 1(mod f(x)) for 1 ≤ k ≤ pm − 2.

Property 1: Let g be a generator of F∗pm , g(p
m−1)/(p−1)

becomes a non-zero element in the prime field Fp and is also
a generator of F∗p .

(Proof) Since g is a generator of F∗pm with order pm − 1, if
i is a non-negative integer, the order of gi is given by

pm − 1

gcd(i, pm − 1)
. (1)

Then, the order of g(p
m−1)/(p−1) becomes p − 1. Therefore,

g(p
m−1)/(p−1) is a generator of F∗p .

B. Trace Function

Trace function [20] Tr (·) is used to map an extension field
element to prime field element. Let X be an extension field
element of Fpm , this can be map to prime field element x of
Fp as

x = Tr (X) =

m−1∑
i=0

Xpi

. (2)

The trace function has the linearity on Fp when a, b ∈ Fp and
X,Y ∈ Fpm as follows:

x = Tr (aX + bY ) = aTr (X) + bTr (Y ) . (3)

Property 2: For each i = 0, 1, 2, ..., p − 1 ∈ Fp , the number
of elements in Fpm whose trace with respect to Fp becomes
i is given by pm−1.

(Proof) Elements in Fpm are the roots of xp
m − x. It is

factorized over Fp as follows

xp
m

− x =

p−1∏
i=0

(Tr (x)− i) . (4)

Since the degree of Tr (x) is pm−1 and Tr (x) does not
have any duplicate root, the property is shown. Therefore, the
number of elements in F∗pm whose trace becomes i is pm−1.

C. Möbius Function
Möbius function [21], denoted as µ(·) can translate any

natural number to any of the values, {−1, 0,+1}. For any
n ∈ N, where N is natural number, möbius function µ(·) is
defined as:

µ(n) =


1, if n = 1,

(−1)k, if n is a product of k distinct primes,
0, if n is divisible by square of a prime.

(5)
This paper uses the möbius function to translate the prime field
element x of Fp to the sequence element si ∈ {−1, 0,+1}.
The möbius function takes only natural number, n ∈ N : n > 0
and has no definition for n = 0. As 0 is an element in prime
field Fp , this paper modifies the definition of möbius function
on prime field Fp as follows:

µ(n) =


1, if n = 1,

(−1)k, if n is a product of k distinct primes,
0, if n = 0 or n is divisible by square of a prime.

(6)

For n ≤ 11, the möbius function values are:

n 0 1 2 3 4 5 6 7 8 9 10 11

µ 0 1 −1 −1 0 −1 1 −1 0 0 1 −1

D. Autocorrelation
This paper presents the pseudo random sequence as: S =
{si}, for i = 0, 1, 2, 3, ..., (L − 1), where si ∈ {−1, 0,+1}
and L = pm− 1 is the period of the sequence, i.e. si = si+L.
Then, the autocorrelation, sometimes called the periodic auto-
correlation, RS(x) of the sequence S after shifted x position
is defined as follows:

RS(x) =

L−1∑
i=0

sisi+x. (7)

for all x = 0, 1, ..., L−1, where si and si+x are the ith element
and the x position shifted element of the generated sequence
S = {si}.
E. Cross-correlation

Let S = {si} and T = {ti} be two random sequences
with same length, L = pm − 1, then this paper defines the
cross-correlation, CS,T (x) of S and T as follows:

CS,T (x) =
L−1∑
i=0

siti+x. (8)

for all x = 0, 1, ..., L − 1, where si and ti+x are the ith
element of sequence S and x position shifted ith element of T
respectively.

III. PROPOSED PSEUDO RANDOM SEQUENCE

This section describes the proposed pseudo random se-
quence using primitive polynomial, trace function and möbius
function. Then, this section describes the implementation
procedure of the proposed psudo random sequences with some
examples.
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A. Proposal of Pseudo Random Sequence

Let ω be a primitive element in the extension field Fpm .
The proposed pseudo random sequence S = {si} is presented
as:

S = {si}, si = µ
(
Tr
(
ωi
))

(9)

for i = 0, 1, 2, 3, ..., (pm−2), where Tr (·) represents the trace
function and µ(·) represents the möbius function.

The period of the generated sequence and the number of
peaks in autocorrelation are given below:

• Period, L = pm − 1
• Number of peaks in autocorrelation = p− 1

It is noted that the period of the generated sequence and
the number of peaks of autocorrelation are given from the
experimental results. The theoretical proof is not studied in
this paper, which will be in our future work.

B. Implementation Procedure

This section briefly describes the implementation procedure
of the proposed pseudo random sequence. The implementation
algorithm of the proposed pseudo random sequence is given
below:

Pseudo Random Sequence Generation

¬ Generate primitive polynomials over finite field Fpm .

There are n =
ϕ(pm − 1)

m
. primitive polynomials, where

ϕ(·) represents the euler totient function.
 Select one of the primitive polynomials generated in the

above step. This is the generator primitive polynomial,
f(x).

® From the primitive polynomial, f(x), generate all the
vectors over finite field Fpm . There are 2m−1 vectors in
the finite field Fpm .

¯ For each vector Xi ∈ Fpm for i = 0, 1, 2, ..., pm − 2 do
the followings:

a) Map Xi to prime field element xi ∈ Fp using the
trace function defined in Eq. (2) as follows: xi =
Tr
(
Xi
)

b) Translate prime field element xi ∈ Fp to pseudo
random sequence element si ∈ S using the möbius
function defined in Eq. (6) as follows: si = µ(xi).

° Finally output the pseudo random sequence S = {si}.

C. Examples of the sequence

Let p = 3, m = 2 and f(x) = x2 + x+ 2 be the primitive
polynomial over F32 . In this case,

Tr 0 1 2
µ 0 1 −1

Then, the generated pseudo random sequence is:

S = {−1,−1, 0,−1, 1, 1, 0, 1}. (10)

Let p = 5, m = 2 and f(x) = x2 + x + 2 be the primitive
polynomial over F52 . In this case,

Tr 0 1 2 3 4
µ 0 1 −1 −1 0

Then, the generated pseudo random sequence is:

S = { − 1, 0,−1, 0, 1, 0, 0,−1, 0, 0,−1,−1,
− 1, 1,−1, 0, 0, 1, 1,−1, 1, 0,−1,−1}.

(11)

IV. RESULTS AND DISCUSSIONS

This section describes the features of proposed pseudo
random sequence such as period, autocorrelation, cross-
correlation and compare with some popular existing works.

A. Period of Sequence

The proposed pseudo random sequence, S = {si} has the
period of L = pm − 1 for finite field Fpm . For p = 5
and m = 3, there are 20 primitive polynomials. In this
paper, 2 primitive polynomials are used to generate squences.
The generated sequence and the period of the sequence for
each primitive polynomial is given below:

• f1(x) = x3 + x2 + x+ 3

Period, L = 124

S = { − 1, 0, 0,−1, 1, 0, 1,−1, 0, 0, 0, 1, 0,
− 1, 0,−1, 1, 1, 0,−1, 1, 0,−1, 0,−1,
0, 1, 1, 1, 0, 1, 1,−1,−1, 1,−1,−1,
− 1, 0, 0, 0,−1,−1, 0, 0, 0, 1,−1,−1,
− 1, 0,−1, 0, 1,−1, 1,−1,−1,−1,−1,
0,−1,−1, 1, 1,−1, 0, 1, 0,−1, 0, 0, 1, 0,
0,−1, 0,−1, 0, 0, 1,−1, 0, 0,−1, 1,−1,
1, 0, 0, 0, 0, 0, 0,−1,−1, 0,−1,−1,−1,
1, 0, 0,−1,−1, 0, 1, 0, 0,−1,−1,−1, 1,
− 1, 0, 0,−1, 0,−1,−1,−1,−1, 0,−1}.

(12)

• f2(x) = x3 + 3x2 + x+ 2

Period, L = 124

S = { − 1,−1,−1, 1, 1,−1, 1,−1, 1,−1,−1,
0, 0, 0, 0, 1, 0, 1, 0, 0, 1,−1,−1, 0, 0,−1,
1, 0, 0,−1, 1, 0, 1, 1,−1,−1, 1,−1, 0,−1,
1, 1, 0,−1,−1,−1,−1, 0,−1, 0,−1,−1,
0, 1,−1, 0, 1,−1, 0, 0, 0,−1,−1,−1,−1,
0, 0,−1, 0,−1, 0,−1,−1, 0, 1, 1, 1, 0, 0,
0, 0, 1, 0,−1,−1, 1, 0,−1, 0, 0, 0,−1, 0,
1, 0, 0,−1,−1, 0,−1, 1,−1, 0, 0, 0,−1,
− 1,−1,−1, 0,−1, 0,−1,−1, 1, 0,−1,
0, 0,−1, 0, 0, 1,−1}.

(13)
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Fig. 1: Autocorrelation for the sequence, p = 5 and m = 3.
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Fig. 2: Cross-correlation between sequence, S and T .

B. Results of Autocorrelation
The periodic autocorrelation of the sequence represented

at Eq. (12) is presented in Eq. (14) and shown in Fig. 1.

RS(x) =


75 if i = 0

− 50 else if i = 31, 93

50 else if i = 62

5 otherwise

. (14)

C. Results of Cross-correlation
To study the cross-correlation property of the proposed

sequence, sequence S = {si} is generated from f1(x) while
sequence T = {ti} is generated from f2(x). The cross-
correlation of the two sequence is shown in Fig. 2.

D. Comparisons with Existing Approaches
The proposed random sequence S = {si} has the period,

L = pm−1 over odd characteristic Fpm . This is the maximum

period that can be achieved on Fpm and is equal to the length
of maximum value sequence. The proposed sequence gener-
ated using möbius function has not been reported anywhere
in the literature yet, where our goal is to generate random
sequence with maximum period and autocorrelation value.
The original Legendre sequence has the length of p which is
extended by [17], [22], [23] later. Sequence generated in [22]

has a period of length, L =
k(pm − 1)

p− 1
1. A comparison result

with [22] is shown in Fig. 3. The proposed sequence has larger
period than that of [22] for various bit length of characteristic.
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[22] Proposed

Fig. 3: Comparison of period between [22] and proposed
sequence.

V. CONCLUSION

This paper proposes a new approach for generation of
pseudo random sequence using primitive polynomial over odd
characteristic field Fpm , trace function and möbius function.
Appropriate algorithms and theorems are presented to clarify
the proposed approach through parameterization and exam-
ples. Then, this paper presents some important features of
the newly generated sequence such as period, autocorrelation
and cross-correlation for F53 . The results are finally compared
with some popular approaches for the effectiveness of the
proposed sequence. The comparison results show the supe-
riority of the proposed sequence over existing ones in terms
of period, autocorrelation and cross-correlation. In future, the
proposed approach can be extended in several ways. Firstly,
the sequence can be binarization in order to generate binary
sequence. Then some other important properties such as linear
complexity, distribution of bit pattern can be studied.

1Proposed S = {si} takes only 3 values, si ∈ {−1, 0, 1}, this paper
considers only the existing work with 3 values, i.e. k = 3 in [22] for
comparison.
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Abstract—Privacy in Online Social Network (OSN) is a very
important issue in users’ data sharing. Users’ often share their
personal information in different forms such as public, private,
or in groups for developing networks and/or sharing their
views. OSN applications collect users information with their
permission by offering social networking services. In some cases
OSN uses users data for personalization, ads/campaigning, and
service quality analysis purposes. In worst cases, OSN can share
information with third parties for legal and/or business purposes.
In a way, there are potential risk of privacy failure during data
sharing might happen. This risks are mostly underestimated or
ignored by the OSN users due tricky and hard to understand
privacy policy information. In this paper, we put emphasis on
understanding transparency as key ingredient for privacy policy
development, and have proposed to integrate Transparency as
key feature to the current privacy frameworks to ensures that
users have understanding what kind of data they are sharing
and how it is managed over the OSN.

Index Terms—Privacy; Transparency; Online Social Network;
OSN; Data Sharing; Social Services; Online Services;

I. INTRODUCTION

Internet has changed the pattern of human lifestyle
significantly. People adopt new ways of interactions in this
obvious change, such as online business, reading newspaper,
watching movies, maintaining social communications,
shopping and so on. In general, users have their own
reasons to be online and they find them comfortable in
fulfilling their needs. In order to meet the demand of the
consumers, many new services are being evolved. In this
process of development, there are many social network based
applications, offering exciting services to the online users.
For example, people search jobs and maintain professional
network by creating a profile in professional network
e.g., LinkedIn. Similarly, effective social network is being
maintained by sharing ideas, thoughts, pictures, and videos
by using social media such as, Facebook and Google+.
Personalized recommender system based services are also
being popular, such as Spotify, Netflix, Amazon and YouTube.

The consumers information is collecting by the OSN itself,
third party add-on or apps by providing some free services
(e.g., games, books, TV shows, etc). Exchanging of this
information is allowed through users permission where users
are mostly unaware or they simply ignore the privacy matter
of their data. In most cases, users have no idea whether their

data is shared publicly or with third party without the owner
consent. In fact, users have no control on their personal data
once they are exposed.

Ease of use, speed and low cost make internet the most
popular means of communication. Due to that, users are in
need of revealing information to get desired services of OSN
which is a trade-off between functionality and user privacy,
and lose their private data which is not desirable. In this
paper we addressed the above discussed issues with following
specific research questions:

1. Do user know what is happening to their shared data?

2. Do user trust the existing OSN service providers and
their third parties?

3. Are the current frameworks transparent enough in terms
of privacy?

In the following sections we analyze the above questions
and propose the transparency feature that addresses the lack
of existing frameworks. Section II listed OSN related privacy
frameworks and section III discusses the key feature. In Sec-
tion IV a prototype implementation of our proposed framework
is explained. A general discussion took place in section V
followed by conclusion in section VI.

II. OSN RELATED PRIVACY FRAMEWORKS

Various services are offered by OSN as well as their third
party applications such as, candy crush, clash of clans, angry
birds on Facebook. Generally, these services or applications
are freely offered to the online users. As the online users
are massive in number and continuously increasing, differ-
ent online portals are also extending their various services
extensively. The online users enjoy these free services in an
exchanging of their personal information. However, the offered
services are mostly user centric where the service provider
collects user information and their behavioral data. In most
cases the user does not have control over their data due to lack
of transparent data and service sharing policies of the existing
privacy frameworks. Guo and Chen proposed a framework
to help the users to know their optimal privacy setting with
a sensitivity value for a particular level of privacy concern
[1]. This feature allows user to find whether they have the
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desired level of protection on their data. Besmer and Lipford
examined motivations, intentions, and concerns of user when
they engage with applications, as well as their perceptions
of data sharing [2]. Wills and Krishnamurthy claimed that
users personal identifiable information is leaked through OSN
sites and is shared with third-party aggregators and advertising
partners [3]. Leon et al., examined how online users privacy
is violated [4]. They calculated the time length of data held
by other parties, user accessibility to modify data, range
of websites for advertising and the websites collecting user
data. Recent research on information privacy is increasingly
focusing on privacy leakage and security matters associated
with third-party apps on different mobile platforms [5], [6],
[7] including Android, Symbian and iOS. Synnes K., et
al. [8] and J. Rana [9] pointed the complexities over OSN
based on user communication pattern. Now a day people
are mostly on mobile devices to be online where the device
information are also collected e.g., microphone, camera, wifi,
sms, photos/media along with IP and MAC addresses. These
policies are also prone to vulnerabilities in terms of privacy
during data sharing. However, none of the frameworks provide
transparency mechanism that allow user to get a clear idea
of their data sharing purposes. Therefore, our approach is
to add the transparency feature to the existing frameworks
that would clearly explain the transparency between user and
service provider.

III. TRANSPARENCY AS A KEY FEATURE FOR PRIVACY
FRAMEWORKS

The main purpose of this research is to add transparency
as a key feature in the privacy framework where both the
users and service providers can have a clear understanding of
shared items. In this framework transparency will ensure the
features like, (i) what data is taken for availing a particular
service, (ii) sending alerts to user if personal data is shared
with unknown parties, and (iii) having the control on personal
data even after sharing. We decided to add these key features
from the findings of our survey by analyzing the user data
sharing behavior over the internet. We conducted an online
survey which carried out in November 2014 over a four week
long period, with a total of 1150 participants between the
age of 18 and 55 years in a South-east Asian country. The
focus of the survey was to know the user behavior on sharing
personal data while using internet based services. The survey
consisted of 40 primary questions with 22 demographic
questions including 101 variables. In order to ensure the
respondent privacy, participation in the follow-up sample
was completely optional. Additionally, providing an email
address was not required and cookies were not used. We had
a wide range of queries to our survey participants regarding
internet usage, their privacy concern, data collection and
usability by different online portals and the importance of
protecting private data while sharing with others. We present
the following case studies that actually focus on the user data
sharing behavior.

Fig. 1. User trust level on different media

Fig. 2. User availability on different media

Case study 1: Do User know what is happening to their
private data? We posed two questions to determine the users
understanding of the OSNs policies. For the questions ”Did
you know Facebook has announced it will start collecting
information about what you do in other partner websites
and mobile apps, and will use that information to show you
on Facebook ads tailored to your interests?” and ”Did you
know Google+ can use the pictures you upload to Google+ to
advertise its own products and services?”, we found, 65% of
the users are unaware about their personal data usage, around
56% users care for their data whereas 32% users do not care
on privacy at all.

Case study 1 findings: Most of the online users do not
know how their private data is shared among OSN and third
parties. Research shows, 65% of users have no idea on how
their data is shared and 56% among the users care about their
privacy.

Case study 2: Do User Trust Existing OSN services in
terms of Privacy?

In this part we focused on user trust level on OSN services.
From the question ”Do you trust that the following service
providers do not misuse the data you leave when you register
and use their services and apps? 1, we found different view
points from the user like, 42% people trust the global internet
companies whereas more than 57% are not well concerned.
Interestingly, 63% of the users do not trust the most popular
online social sites but rest of them do. 80% of the users feel
insecure in trust level which is remarkably higher.

Case study 2 findings: A significant number of users
have put their thoughts on the trust level where maximum
users cannot rely on the OSN sites, meanwhile few of them do.

Case study 3: Are the Online Interactions Transpar-
ent? When ”How often do you use the following tools and
services?” was asked we got more than 81% respondents
spending their time on Facebook 2 and a big numbers of
third party apps are very active in this platform, so we took
Facebook users as our test case. Another question was ”From
the standpoint of personal privacy, please indicate to what
extent you agree with each of the following statements” 3.
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Fig. 3. User view on data sharing policies

Around 63% of the users do not want to be interrupted by
any external services. On the other hand 76% users are aware
of their data and the same percentage among them wants a
transparent agreement on the data sharing. It is also seen that
approximately 80% of the respondents want a control over
their data during sharing and also need the right of accessibility
on their data stored by other parties.

Case study 3 findings: Those who are aware of their
privacy, they do not want to face the lack of security to their
personal data and they want a clear visibility of their shared
data.

At the end of the survey, we came up with a conclusion
that, the OSN user enjoying services are not completely aware
of privacy. Those who are aware have no control on their
shared data and they are quite worried with existing privacy
framework. Considering all these issues the proposed feature
explained in the following chapter to assure privacy with
transparency for sharing data and services.

IV. PROPOSED TRANSPARENCY FEATURE

The previous sections discussed the transparency feature
with a goal of transparent data sharing. This section describes
the data sharing policies step by step to ensures transparency
between user and service provider:

Step 1: The data items are divided into strong data set D
and weak data set d. Strong data sets are the mandatory field
to get premium services and weak data sets are less priority
data to avail filtered services. Strong and weak data set are
defined by the service provider based on their feature and
services they offer. User must agree on those definitions with
multiple options if they want to enjoy a service. On the other
hand user information is grouped into multiple layers such as:
u1, u2, u3, u4 etc. 4 that user can select during availing any
service. So, the types of feature a user can receive depend
on what data sets are provided to the service provider. As an
example, if all the data set of a user are selected like: u1,
u2, u3, u4 in the D category defined by the service provider,
then the user is able to enjoy a premium A1 service but if the
user decides to select few data set in d category, the user will

Fig. 4. Proposed Transparent Data Privacy Framework

avail limited feature that is a basic A2 service. Basically, it
is a one-to-one relation between every data set and a feature
where sharing behavior is transparent from both sides.

Step 2: There might be a chance of misuse of personal
data once they are shared to the OSN. Let us assume that,
an user X conserving private data with service provider SP
and a movie portal TP is providing a movie service to X
through SP. So, there is a policy between SP and TP to
share users data. On the other hand, TP is connected to some
external channels for movie broadcasting to those users.
The question is, how safe are the users data when there is
a chance of data sharing through another external link. In
this case, our proposal is to provide an alert both to the X
and to the SP. To do so, TP must contain a verified phone
number/email id to send notification to both X and SP in case
of any misuse of data during any offer through an external link.

Step 3: Once X came to know that his/her data is being
used by some other unknown parties M, the user must need
a control to stop the chance of misuse. In this case, if an
alert S/E received by X, immediately it would be able to take
action Y to break that external link by replying the sms or
email to the SP.

The data exchange over OSN is quite sensitive issue in
terms of privacy maintenance. The steps we discussed above
are now implemented by the set of logic rules maintaining
the social data privacy standards. The rules for social data
privacy have been discussed in different policy bodies such as
RBAC, EPAL, P3P, and XACML in terms of user information
sharing. We followed XACML [10] (eXtensible Access
Control Markup Language) in the proposed framework that
defines the set of target rules for resources, subjects, actions,
and environment.

Definition 1: A policy p can be defined as a tuple
(r,A,D, d) where r ∈ R identifies the resource the policy
refers to; A ∈ A is a set of permitted actions on the resource
r; D is a set of strong data set and d is a set of weak data
set. both expressed as logic literals.

Definition 2: A weak or strong data set is a tuple (u, c)
where u ∈W is a user and c is a logic literal.
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Definition 3: The Privacy function pf is defined as
pf : R− > 2O and associates a resource to a set of private
data.

For the sake of readability, we show the policy, ρ = (r,
A1,..., An, D1, D2,..., Dn, d1, d2,...,
dn) in the following syntactical representation:

ρ P

{
strong-data: D1, D2, ..., Dn
weak-data: d1, d2,..., dn
resource: r
can-do: A1
can do: A2
can do: ... An

}

Here, if the user allow access to either strong or weak data
set then the service can be provided with all options which
is a customized service according to the users data access
permission. To be more specific, if user have following data:

D(i): Date of birth
D(p): Email
D(q): Phone number
d(s): Sex
d(t): City

The service providing policy between the user and the
service provider in terms of interaction can be referred as
follows:

{D(i),(p),(q)} U {d(s)} -> A1
{D(i)} U {d(t),(s)} -> A2
A1: Premium service
A2: Basic service

The logic literals are:

X: is a user
i: all the properties of the user (e.g.

email, phone, dob, sex, city)
j: are selected group of data item
X[i]: all the data of an user
X[i(j)]: some selected data item of the

user (j may be equal to i, or j can
have some data from the set of i)

SP: Service provider
TP: Service offering third party (user
known)
M: channel for broadcasting services (M

could be any other party which user do
not know)

E: Email alert
S: SMS alert
Y: Stop sharing data

C: Cancel offered service
}

ρ Q

{
if X[i(j)] shared to any M
then X receives S from TP

if (X do Y with TP)
{

TP do C to user
}

SP receives E/S from TP
SP do Y of X with TP

}

Therefore, by using the above policies in the proposed
Feature, a user is offered services with different feature
enabled/disabled according to the user shared data. On the
other hand, user has the freedom of choosing his/her data from
weak and strong data sets to avail the services they need from
the service providers.

V. DISCUSSION

Currently people have a virtual identity in addition to their
real life. Most of the real things have another form in virtual
world, even a signature. User have options to do more in
virtual world compared to their real world and due to that
they are sharing information instead of desired services they
need. This information could be a huge data set for a service
provider which they can use for any special event to serve
their own purposes without user consent. However, there will
always be a necessity of information exchange being online
and this rate will be increasing day to day. Due to that, we
have to restructure the privacy framework by adding additional
feature to handle upcoming variances and complexities.

VI. CONCLUSION

In this paper, we have proposed a novel transparent data
sharing feature. In order to do that, we have conducted a survey
to understand the user awareness, willingness and behavior
over the internet. Through this Feature user will have control
on what information to give and what to not, and enjoy a
complete services with all option available upon approval of
all the information. The service provider can customize their
services based on the information received from the users.
They also can propose different level of services, such as
a service with limited features, a service for a fixed term,
and additional services with additional information claim.
Our survey results have already explained the real scenarios
where we have seen user will share personal information even
after a chance of misuse of private data. Taking these users
online behavior in our concern the Feature is proposed through
policies where both the user and service provider have control
and freedom over their data and services with alternative
options in a transparent way.
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Abstract—This paper presents the use of a generalized 
learning technique to automatically generate Bangla poetry. We 
have trained a Long Sort Term Memory (LSTM) based 
recurrent neural network model on 350 poems written by 
Rabindranath Tagore to inspect if the recurrent neural network 
learns to generate poems. Using the technique described in this 
paper, we are able to generate poems using seed texts provided as 
input. The generated poems display some interesting patterns, 
such as rhythm as well as limited semantic and emotional 
contexts. To the best of our knowledge, this is the first work on 
automatic Bengali poetry generation using such models.  

Keywords—Bangla poetry, LSTM, machine learning, poetry 
generation, recurrent neural network, Tagore  

I. INTRODUCTION  

One of the dreams of AI practitioners is to create machines 
that can think and/or act like humans. Machines that do so are 
often considered to be intelligent [1]. In the AI world, there has 
been a long history of trying to imitate human behavior by 
machines [2]. Any output generated by a machine that cannot 
be easily distinguished by a human of whether it was actually 
generated by a human being or a computer program is said to 
have passed the Turing test and therefore can be called 
intelligent. Thus the ability to fool a human being by a machine 
is often considered to be the hallmark of an intelligent machine.  

Although there is no clear agreement amongst researchers 
about what an intelligent task can be, it should not be 
surprising that an intelligent task contains some elements of 
creativity. Ability to write poetry has elements of creativity, 
and therefore can be considered as an intelligent task. In fact, 
that is the reason why poets in different societies are often 
considered to be intellectual.  

Bengali (ethnonym Bangla) is spoken by about 250 million 
natives and 300 million people around the world. It is the 
national language of Bangladesh and the second most spoken 
language in India. With such huge amount of people 
communicating in this language, it turns out to be the 7th most 
spoken language in terms of the native speakers and the 10th 
largest spoken language worldwide. The language originates 
from Sanskrit and belongs to the Indo-Aryan and also the Indo-
European language family. The language has deep connection 
to its literature with its earliest works appearing in the 10th and 
the 12th centuries. Bangla language has been dominated by 
numerous legendary literates across different centuries – thus 
resulting in a language with rich literature. 

This paper presents a first step towards using a generic 
learning tool to learn, and then generate Bangla poetry 
automatically. In this paper, we propose a generic machine 

learning mechanism to auto-generate Bengali poems using 
recurrent neural networks (RNN). However, in this paper, we 
do not test whether it passes the Turing test and hence we do 
not yet claim that our proposed technique is intelligent.  We 
train recurrent neural network with 350 poems of Rabindranath 
Tagore (a Nobel Laureate and a legendary Bengali author who 
re-shaped Bangla literature and music) to see if the network 
learns to generate poems containing certain texts (that are given 
as inputs). 

The rest of the paper is organized as follows: In section II, 
we discuss background work related to this paper. Following 
this, we discuss the research methodology and experimental 
setup in Section III. Experimental results are outlined and 
discussed in section IV. Finally, we conclude the paper with 
remarks on our future research endeavor in section V. 

II. BACKGROUND 

The effort of generating automatic poems have been there 
from as long as that of the 1970s. For some notable works in 
the area of automatic poetry generation, readers are encouraged 
to see the works listed in [3-9]. There have been few work in 
generating poetries automatically in English and other 
languages. However, automatic poetry generation in Bengali 
did not get much attention. To the best of our knowledge, we 
found only one paper which looked into the case of poetry 
generation in Bangla [3]. In their work, Das and Gambäck [3] 
looked into the algorithm of creating rhythms in poetries – thus 
making the poetries rhythmic. However, what their work lacks 
in is that there is no creation of semantic structures in their 
poems. So, although the poems become rhythmic, they lack in 
semantic and emotional context.  

A. Recurrent Neural Network 

A Recurrent Neural Network (RNN) is generally used in 
sequence learning where it performs the same calculations on 
every element of a sequence [10]. RNN's hold an internal state 
where it attempts to holds information about calculations done 
so far. RNN can operate on every sequence of vector. Figure 1 
shows the structure of a RNN. 

 

Figure 1: Recurrent Neural Network [15] 
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In figure 1, xt is input at time step t and st is the cell of the 
network at time step t. We calculate st from the output of the 
previous state and the input from the current time step as 
illustrated in equation 1. 

St = f(Uxt + Wst-1)                                                        (1) 

where f is a nonlinear function such as tanh or sigmoid 
function and ht is the output at step t simply calculated as a 
function of st. Traditional neural network uses different 
parameters in every steps but RNNs shares the same 
parameters in every time steps. 

B. Long Short Term Memory (LSTM) 

 
RNNs have proven to be effective at sequence learning, 

provided the sequences are not too long. LSTM, a variant of 
RNN, was proposed [11] and got more attention due to its 
ability to generate better outcomes. LSTM was designed to 
solve the difficulties faced in training RNNs – particularly the 
vanishing gradient problem [12]. LSTM introduced a more 
complicated way of storing the memory cell state. The value of 
this memory cell state as well as the output of the LSTM unit 
depends on some internal gates namely the input gate (i), the 
output gate (o) and the forget gate (f).  A mathematical 
description of the LSTM model is shown in equations 2 – 6. 

 

 

C. Character level LSTM based model 

A recurrent neural network and its variants are found to be 
very useful in sequence modeling. A character level RNN is 
trained on a text corpus a single character at a time and can be 
used for text prediction character by character. In recent time, 
Karpathy and colleagues [14] used LSTM-based recurrent 
neural network to train on the collected works of Shakespeare, 
the Linux kernel etc… The results of the work quite clearly 
show two things: (1) such models can learn document structure 
and reproduce such structure faithfully, and (2) at times these 
models also seem to learn semantic structure from the training 
texts. To reiterate - the amazing achievement of these models is 
that they learnt such high-level concepts even though they were 
trained on a character by character basis. 

Instead of using a traditional RNN, our model uses a 
stacked LSTM structure which has two LSTM layers in 

sequence followed by a single softmax layer. Figure 2 shows a 
schematic diagram of the structure.                                                        

 

Figure 2: Schematic diagram of the model used 

1. EXPERIMENTAL SETUP 

The aim of this paper is to automatically generate Bangla 
poems with generalized learning mechanisms. As mentioned 
above, our learning tool is an LSTM based recurrent neural 
network model which we want to train using the smallest 
possible unit of text (characters). To do so, we needed a corpus 
of Bangla poetry. For this initial foray in this area, we have 
chosen to use a collection containing 350 poems written by 
Rabindranath Tagore. Each poem was concatenated to each 
other without their titles. In total, there were 1593675 
characters which were made of 76 unique Unicode characters. 
We kept the poems as it was; including the spacing. 

 

Figure 3: Research Methodology Diagram 

݅௧ ൌ ௧ݔ൫ܹሺ௫ሻߪ ܹሺሻ݄௧ିଵ ܹሺሻܿ௧ିଵ  ܾሺ௧ሻ൯ 
 

(2) 

௧݂ ൌ ௧ݔ൫ܹሺ௫ሻߪ ܹሺሻ݄௧ିଵ ܹሺሻܿ௧ିଵ  ܾሺሻ൯ 
 

(3) 

 ܿ௧ ൌ ௧݂ ∘ ܿ௧ିଵ  ݅௧ ∘ ௧ݔ൫ܹሺ௫ሻ݄݊ܽݐ ܹሺሻ݄௧  ܾሺሻ൯ 
 

௧ (4) ൌ ௧ݔ൫ܹሺ௫ሻߪ ܹሺሻ݄௧ିଵ ܹሺሻܿ௧ିଵ  ܾሺሻ൯ 
 

(5) ݄௧ ൌ ௧ ∘  ሺܿ௧ሻ݄݊ܽݐ
 

(6) 
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D. Training 

We trained the model for 33 epochs, which means that the 
model went through the dataset 33 times. As character 
prediction is essentially a classification problem, we used 
categorical cross-entropy as our loss function and rmsprop as 
the optimizer [16] [17]. 

E. Testing 

The only way to evaluate machine-generated poetry is to 
generate poems and do an evaluation. We have chosen to do 
the evaluation in a subjective manner mainly because not all 
poems can be constrained to rhyming. Figure 4 shows the seeds 
texts use in [3] and the ones we have chosen to use. Our set 
includes the two seed texts used in [3] and we have expanded 
on this set by including 5 new ones. 

III. RESULTS 

The results shown in this sections comprise mainly of 
Bangla poems. For an international audience, a phonetic 
transliteration of each Bangla poem is given in Appendix A. 
The seed texts used for our evaluation are shown in Figure 4. 

 

  

 

Figure 4: Seed Texts 

Figures 5-8 shows the evolution of the quality of the poetry 
generated by the same model at different epochs using the 
same seed text (Aji hote shoto borsho pore). The generated 
poem shown in the first sample do not display and semantic or 
structural cohesion. This is not surprising as the model has only 
seen the data once.  

 

Figure 5: Output at Epoch 1 

 

Figure 6, shows the generated poem for the same seed text 
after 5 epochs. It is immediately evident that the model has 
learnt some structure as well as some common spelling. It is 
also noticeable that the model has achieved some rhythm (lines 
3 and 4).  

 

Figure 6: Output at Epoch 5 

 

Figure 7 shows the generated samples at epoch 20 and we 
see more words being spelled correctly.  It is also interesting to 
note that the seed text expresses an element of time (translation 
- a century from today), and the poem has other words which 
can be associated with the concept of time e.g.  (for an 
instant) 

 

Figure 7: Output at Epoch 20 

 

   At epoch 33, the improvements are much less noticeable. 
However, a majority of the words used in the poem actually 
belong to Bangla at this point. 

 

Figure 8: Output at Epoch 33 

 

 Figures 9 – 16 show some more example poems generated 
by the model, after it was trained for 33 epochs. The first two 
seed texts (Figure 9-10) were taken from the work of Das and 
Gambäck [3]. While their work only produced a single line of 
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poetry for a given seed text (see figures 9 and 10), the RNN-
based model used in this study can produce much larger poems 
quite easily.  Also, the work in [3] concentrated on generating 
poetry with rhythm. While this is a commendable approach, 
any aficionado of Bangla poetry will attest to the fact that 
rhythm is not the ultimate hallmark of good poetry. For 
example, the sample shown in Figure 11, uses the word for a 
palanquin (which in this culture is often associated with a new 
bride going to her in-laws) with seeing someone in a blessed 
dream. The poem generated in Figure 14 was seeded with a 
text with an approximate meaning ‘cadence of light’. The 
generated poem creates a story of someone who is enthralled 
with it. Each of the other samples exhibit similar interpretive 
context.  

 

 

Figure 9: Poem 1 generated by Das et al. [3] 

 

 

Figure 10: Poem 2 generated by Das et al. [3] 

 

 

Figure 11: Some Generated Poems (1) 

 

 

Figure 12: Some Generated Poems (2) 

 

 

 

Figure 13: Some Generated Poems (3) 
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Figure 14: Some Generated Poems (4) 

 

 

 

Figure 15: Some Generated Poems (5) 

 

Figure 16: Some Generated Poems (6) 

IV. CONCLUSION 

   This paper looks into the designing of a machine using 
LSTM to generate automatic poems. So far, we have used 350 
poems from Tagore's preeminent collection to train the neural 
network. We were able to create automatic poems that were not 
only rhythmic but also display limited context - both semantic 
and emotional. For our future work, we would like to increase 
the dataset by taking poems from different poets to see if that 
generates poetries that have more semantic and emotional 
context. Furthermore, we plan to create a Turing test for 
Bangla poems to see how well people can distinguish whether 
the poem was generated by a machine or a human. 
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APPENDIX A 

 
Transliteration of Figure  11:  
Palki chole palkia tar bashir mala khuli nari kaje 
She je rat kiria dekhi jay nai kore 
Ami boli, bolite pare na ami 
Tare dekhite chay 
Shei shudur shopno mongole 
 
Transliteration of Figure 12:  
stobdho gaye pay na hoy na ki khoy, 
Joto kichu nahi jani khonikito shobe 
Ononto patarashi 
Shaman kori shohit naki kana, 
Jekhane nirkhini nij pran je shob manito na. 
Ami boli nirmom? 
 

Transliteration of Figure 13:  
Poraner akulota toratri aloke shetha tara esheche ami rajbalay 
she je rat kiria dekhi she kichu noy, 
koriche shudur onontoshagor shathe kotha nai ki jane. 
 
 
Transliteration of Figure 14:  
Alor murchona patagulir moto  
she kichu ba mohe mania boshi nishirat  
koriche shudur sharadin shukher shathe nirdoy nirdeshi 
patagulir moto 
she kichu kotha bolite gelo geye. 
 
Transliteration of Figure 15:  
harano digonto she shob girishir kori shukhe kichu noyonir 
majhe 
shondhabedike nirjon ucholil obokash 
ononto akashe tashe manobe rajbalay 
she kichu ba pai nahi kore, 
ami boli , 

 
Transliteration of Figure 16:  
bashir shure pakhi gelo gayer kale kane ashi 
she je raajbalai jagi ashechi abar bashir mala 
dare badhibe na ami boli 
koto kaal kore hok nahi koria dekhite chai 
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Abstract—Digital investigation is becoming an increasing con-
cern. Many digital forensic tools are being developed to deal
with the challenge of investigating digital crimes. Acquisition
of volatile memory is one of the vital steps of digital forensics
process. Passwords data, indications of digital forensics methods,
memory malware may be contained in volatile data which
may overlooked by the investigator. The Success of memory
acquisition mainly depends on the effectiveness of the memory
acquisition tool. This paper compares memory forensics tools
based on processing time and left artifacts on volatile memory.
Furthermore, we examined how the processing time of the tools
varies in terms of different volatile memory size. In order to
conduct this work, we use the following tools: FTK Imager,
Pro Discover,Nigilant32, Helix3(dd), OSForensics and Belkasoft
RAM Capturer. The results show that Belkasoft RAM Capturer
has the least amount of left artifacts, and it has also the lowest
processing time. Moreover, this work concludes that tested tools
are significantly different based on left artifacts on the volatile
memory with 95% confidence level. Also, statistically, increasing
the memory size x times does not increase the processing time x
times of the tools.

Index Terms—Forensics tools, acquisition tools, volatile mem-
ory, memory acquisition.

I. INTRODUCTION

Hacking is a critical problem in present world. Some
hackers hack for their malicious goals and some do for fun.
FBI reported in 2008 that Internet fraud had cost dollars
264.6 millions. So one of the major challenges in current
time is the investigation of the crime in computer technology.
[1] Digital forensics is an important part of approximately
every investigation. Digital Forensic software tools are applied
regularly by the experts in several levels. Government organi-
zations, military forces and other public, private organizations
are using these tools. Expansion in forensic study, software
tools, and procedure over the last decade has been very
victorious and numerous in control situation now depend on
these tools on an usual basis without realizing it . [2] In
addition to criminal investigation, these tools are used for
the purposes of maintenance, debugging, data recovery, and
reverse engineering of computer systems in private settings.

In [2] described six categories for digital forensics re-
search: evidence modeling, network forensics, data volume,
live memory acquisition, media types, and control systems.

Acquisition of live memory data means RAM will allow digital
investigators to get evidence that will not be found in a hard
drive investigation.

This work observes present work in the acquisition of live
memory artifacts and assesses the impact of using specific
tools in the capturing of live memory based on left memory
artifacts and processing time.

The rest of the paper is organized as follow: Section II is
reviewing the background information related to our work.
In section III we are describing on the impact of acquisition
tools on memory. Next section is describing the related works
to digital forensics tools. In section V, we will go thorough
the digital forensics investigation approach. Section VI is
addressing the problem statement of our research. Next section
provides our research approach. Section VIII is providing our
experiment and results.Finally Section IX shows statistical
analysis.

II. BACKGROUND

A. Digital Forensics

The main idea of digital forensics originated from the
general forensic idea of criminal work. But it is not exactly
same to the general forensic term. It needs support expertise
to examine electronic data records that are not physically
substantial. According to[3], Computer forensics has two
steps: forensic in the occurrence area and laboratory forensic
analysis . Forensic work in the occurrence area is carried out
to defend what proof of the occurrence keeps from the event
of the occurrence and to recognize potential evidence that may
help the examination. Moreover, the proof is reserved in an
evidence storage or drived to a specialized forensic lab for
deeper analysis. Finally, the analyzed end results are presented
to the court who are in charge for the investigation. Moreover
, all forensics related to digital data belongs to the category
of digital forensics. Computer forensics is the art of utilizing
susceptible process and measures to keep, recognize, dig out,
trace, and understand digital media facts and to analyze the
basis of those proof[4].
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B. Digital Evidence

Conventional forensics depends on proof, the accurate data
employed in criminal events, to verify that the defendant
consign a crime. There are mainly three types evidence:
(1) evidence based on observation, (2) evidence based on
object (3) evidence based on document. [3] Moreover, Digital
evidence is totally different to traditional evidence. We can not
examine digital evidence using only open eye. We depend on
electronic technology to understand the evidence. Most of the
important evidence might be included in the RAM memory.

C. Importance of RAM data analyzing

To understand the importance of examining RAM , it
is essential to explain wherever this information are to be
originated and what data does it contain. According to K.
Hausknecht et al.[5], all the information of computer system
necessary to visit the ram at any time of process. Data will
be kept in RAM as well as on the systems HDD. But the
key distinction is that RAM shows us what was occurred on
the PC at any fix point of time. It is essential to remark that
there is enormous of data which are never stored on the HDD
but it is available in RAM such as internet data. According
to the same authors, we can get a lot of information from
RAM data. It mainly depends on the system and the OS.
Most significant information are: processes data, network data,
information on open files, user data , registry entries, drivers
used, processes and data which are hidden, temporal data, used
dlls, information about opened session etc.

D. Memory Artifacts

Memory artifacts mean footprint on the memory. While
any application runs on a machine, it occupies a portion of
memory. During the run time of the application, it leaves
footprint on volatile memory.

E. Memory acquisition methods

To analyze a RAM, an investigator should have a tool to
acquire the RAM image. There are mostly two methods used
for capturing RAM: software and hardware method. According
to authors [5] Software method is a commonly used to seize
the RAM and it is advised to do if the system is live. The
main problem of software method is that delinquent can cover
its information from such acquisition tools while it is enabled.
Another problem is that when these tools are run , they left
artifacts on the memory. It can violate important information
of the RAM. To recover these issues, investigator can use
hardware methods but this a very expensive way to acquire
RAM image.

F. Tools for memory acquisition

There are commercial tools for acquiring RAM such as
ProDiscover, Helix3 , FTK Imager. There are non-business
software tools such as dd, memdump or Dumpit etc. According
to authors [2],among computer forensics expertises, the most
excellent way for resolving the reporting issue is to purchase
any of these tools from market. But, this just works for

Fig. 1. Acquisition of the memory image from a live system

financed associations. And there are numerous conditions
in where business commercial software tools get failed and
specialist needs to depend on open source software. While
some of these tools are of very good quality, other tools are
poorly recognized, out dated, and even discarded.

III. IMPACT OF ACQUISITION TOOLS ON MEMORY

Any tool cannot guarantee that other systems act would get
leave for the period of capture a memory ; it means system
action is essential for the software to implement. According
to [6] while the image of memory is captured, it is as well
altered by other processes which are running parallelly and
self-sustainability is hampered because of the chronological
character of the memory capturing process. Moreover, there
is a chance that the suspected executor may have a process in
execution to destroy information in memory with parallel by
the dump of memory.

As a result, we can say that a dump of memory is captured
in parallel with the system action as a technique that produce
non-self-sustainability data, and potentially loses data of in-
terest. While this data may expose valuable information, it is
less useful from a forensic point of view than data that is
self-consistent and therefore more readily interpreted.

Fig. 1. shows that how the memory image is captured in a
live system and new processes effect the acquisition technique.

As forensics tools executing on the live machine under
examination will change the content of the memory whose
condition is being acquiesced, their use is error in terms of
proof acceptability. So, measuring the extent of the volatile
memory changes by causing of running a live forensic tools
becomes more and more important.

IV. RELATED WORK

All the digital forensic tools that will be used during any
investigation should be tested before using them due to the
potential changes that can occur in original data. Several works
have been done by the forensics researchers to evaluate or
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illustrate the features, quality ,drawbacks of the forensics tools.
The study of [7] highlighted a number of usability issues
which needs to be considered for comparing forensics tools.
User interface,level of expertise, training needs ,reporting
and documentation etc. According to them, people are more
comfortable with GUI interface than to command line interface
tools.

Seo et al. [8] has described several dumping techniques
like WinDD, process dump using task manager for windows,
dd(linux) , MDD etc. It is very difficult to dump pure memory
using WinDD and a collection of more than 4GB of RAM can
not be done by MDD.

Okolica et al. [9] has introduced a self contained tool
named CMAT(Compiled memory analysis tools). It can ex-
tracts environmental and activity data from the live memory.
CMAT parses a memory dump to find active, inactive and
hidden processes as well as system registry information. It
then compiles live response of forensic information from these
processes and registry files and assembles it into a format
suitable for data correlation.

On the other hand, Wazid et al. in [1] has categorized the
tools in several field. Computer forensics tools,memory foren-
sics tools, Network forensics tools, mobile phone forensics
tools, database forensics tools. They categorized windowsS-
COPE and memoryze as memory forensic tools. Both are
used for windows. Memoryze is used for live system and
windowsSCOPE performs network wide live memory forensic.

Manson et al. [10] ,has compared another three tools-FTK
imager,Encase,Autopsy. According to them, Encase imports
image fastest but it is difficult to use for almost all. On the
other hand, FTK Imager is easy to use to basic computer user
and autopsy is easier to linux user. And according to the author
[7],FTK is similar to the windows classic tree view. Thus it
has more intuitive interface than other tools.

In [11] Carvajal et al. have focused on digital forensic
tools that collect evidence from RAM which contains volatile
data such as network connections, logged users, processes,
etc. In their paper they compared six forensic tools including:
FTK Imager, Pro Discover, Win32dd, Nigilant32, Memoryze,
and Helix3 (dd).They evaluated tools based on user interface,
reporting, processing time, training, and leaving fingerprints
or artifacts. They investigated GUI types of tools leaves more
artifacts than the command line types of tools.

The authors of [12] have focused on digital forensic tools
that collect evidence from RAM by using fmem and dd tool.
But According to the authors Fmem and dd tools are successful
in linux but in android, its performance is poor. This is mainly
due to some of the android kernel security mechanism that
prevent the kernel to load external code.They introduced a
tool named lime. It is an open source tool to capture memory
from android phones. It can capture through the local SD card.

Another method of capturing android memory is DDMS.
Leppart et al. [13] used DDMS. But, it can not acquire
complete physical memory. It only can dump single process
heap contents. That’s why it uses a lot of memory data. To

overcome the drawback, Zhou et al. [14] used lime to capture
the full memory.

However software method is comparatively cheaper and
easier to other imaging process, the method has some draw-
back. According to [15] while these tools are executed on
the machine, valuable forensics information might be deleted
before it is preserved.

V. DIGITAL FORENSICS INVESTIGATION APPROACH

Digital forensics investigation follows an idle approach
for effective result. Mostly investigation process follows the
phases as mentioned below. [16] This phases are not restricted
to follow but following those phases might bring efficient
result of investigation.

• Collection
– This step handles the gathering of a variety of

possible basis of digital proof e.g. RAM data, Mobile
data,Hard Disk information etc.

• Identification
– This step focuses on the identification of digital

proof. The evidence are labeled in this step.

• Acquisition
– Decode to the origin of e-proof evidence from the

different sources which are acquiesced.

• Preservation
– In this step, It gives emphasis of using the

satisfactory procedures that make sure the reliability
and the genuineness of proof evidence.

• Examination and Analysis
– It involves the actions such as search, filter, detection

and investigation/assessment for relevant weight of
the acquiesced e evidence.

• Reporting
– In this step, the final result and finding of

investigation process is reported in details.

In this work our focus is on third phase of digital forensics
investigation process which is acquisition.

VI. PROBLEM STATEMENT

This work is trying to investigate which memory acquisi-
tion tools leave less memory artifacts while it is executed.
Moreover, the relation between the size of volatile memory
and the processing time of capturing volatile memory image
will be evaluated. Some tools like: FTK Imager, Pro Discover,
Nigilant32,Helix3 (dd),OSForensics,Belkasoft RAM Capturer
will be used in this work to investigate this relation. Through
this research work we are trying to answer the following
questions:
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• Can we differentiate those tools based on the amount of
left artifacts in the volatile memory and processing time
of capturing ?

• What is the relation between the size of volatile memory
and the processing time of capturing volatile memory
image?

• What is the statistical influence of multiple runs of tools
in multiple environments ?

Finally, we will evaluate our investigation result based on
statistical analysis.

From our research questions we formulate two set of
hypothesis to be tested.

• Ha0: The difference of left artifacts amount on volatile
memory of the tools is not significant statistically.

Ha1: The difference of left artifacts amount on volatile
memory of the tools is significant statistically.

• Hb0: Increasing the memory size x times increases the
processing time of the tools x times.
Hb1: Increasing the memory size x times does not in-
crease the processing time of the tools x times.

VII. APPROACH

To come up with the solution of our problems, we need
a dependable approach to implement our work. To test our
experiment, two different environments setup were needed to
gather deeper data from the variation of source. Here, we can
divided our work in two steps:

• Experimental phase: It starts with the installlation of
selected tools and ends with recording our desired data.
Fig. 2 shows all the steps of our experimental phase.

• Statistical Analysis: In this phase, we will evaluate our
experimental results based on statistical analysis.

VIII. EXPERIMENT AND RESULTS

In this section we are describing how we have done our ex-
periment. Moreover, our experiment results will be illustrated.
To formulate the experiments, our examined tools are collected
from the authentic sources and minimum requirement, char-
acteristic has been observed.

The acquisition of RAM using tools is the first goal of this
work. Six tools have been used to acquire memory image from
the two differnt experimental setup. Table I shows the list of
the tools. We used windows 7 operating system as a guest
on virtual machine named oracle virtual box. For finding the
memory artifatcts by the acquisition tools, we used all the
listed tools in the virtual environment which has memory of
1024 MB.

We have run all the tools three times to observe the variation
of result.During the capturing of memory, all variates values
of physical and virtual memory have been recorded. The detail
of both of the examined environment is given below.

Fig. 2. Steps of the experimental phase

TABLE I
THE LIST OF EXAMINED TOOLS

Name of the tools Developer Type
FTK Imager Access Data Commercial
Nigilant32 Agile Risk Man-

agement
Commercial

ProDiscover Technology Path-
way

Commercial

Helix3(dd) E-fense Commer-
cial

Commercial

OSForensic PassMark Soft Commercial
Belkasoft RAM
Capturer

Belkasoft Foren-
sics

Commercial

• Experimental Setup 1
– Model: HP NOTEBOOK PC
– Operating System (guest): Windows 7
– Operating System (host machine): Windows 7
– RAM : 1024 MB
– Processor: INTEL PENTIUM DUAL CORE 2.40

GHZ
– Internet Status : Not Connected

• Experimental Setup 2
– Model: HP NOTEBOOK PC
– Operating System (guest): Windows 7
– Operating System (host machine) : Windows 7
– RAM : 512 MB
– Processor: INTEL PENTIUM DUAL CORE 2.40

GHZ
– Internet Status : Not Connected

There are varieties of artifatcts in KB size between the tools.
The peak and the average value are given in Table II.
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TABLE II
MEMORY ARTIFACTS ON PHYSICAL MEMORY

Name of the tools Physical Memory(Peak
Value in KB)

Physical
Memory(Average
Value in KB)

FTK Imager 33660 32981
Nigilant32 28316 25485
ProDiscover 30984 28181
Helix3(dd) 24584 23541
OSForensic 32380 29531
Belkasoft RAM
Capturer

5248 4934.2

Fig. 3. Physical Memory peak and average value(KB)

Fig.3 graphically displays the differences between acqui-
sition tools based on the left artifacts criteria in physical
memory.

Also,the utilization of virtual memory (peak and average
value) during execution has been listed in Table III.

From Table II, we can say Belkasoft RAM Capturer has
the least memory artifacts while FTK Imager has the most. In
addition, Table IV shows the processing time of the tools on
both experimental environment. As we notice, Belkasoft RAM
Capturer tool has the lowest processing time to capture the
memory. Our second goal is to find the relationship between
the processing time of memory acquisition and the memory
size of the machine. We run those tools on the two different
environment by changing the virtual machines memory size.

Table IV is showing the ratio of processing time in both
environment. Moreover, Its shows the average of the ratio

TABLE III
MEMORY ARTIFACTS ON VIRTUAL MEMORY

Name of the tools Virtual Memory(Peak
Value in KB)

Virtual
Memory(Average
Value in KB)

FTK Imager 17428 17250
Nigilant32 15628 12994
ProDiscover 15836 14106
Helix3(dd) 19244 18949
OSForensic 152808 149606
Belkasoft RAM
Capturer

1804 1762.5

TABLE IV
PROCESSING TIME OF THE COMAPARED TOOLS

Name Processing
time (seconds)
512MB

Processing
time(seconds)
1024MB

Ratio

FTK Imager 58 70 1.206
Nigilant32 85 101 1.188
ProDiscover 95 177 1.86
Helix3(dd) 45 80 1.77
OSForensic 49 70 1.438
Belkasoft RAM
Capturer

37 56 1.51

Average of Ratio 1.494

Fig. 4. Processing time in the both experimental setup(in seconds)

of processing time in experimental setup 1 and experiment
setup 2 which is 1.494. But, the ratio of memory size in both
set up is exactly 2 (1024/512=2). From this relation we can
say, increasing the memory size x times does not increase
the processing time x times. Fig. 4 is graphically shows the
processing time in both experimental setup.

IX. STATISTICAL ANALYSIS

This section is describing the statistical analysis on our
experimental results. To validate our results we have done sta-
tistical analysis techniques. For Ha, we have applied Analysis
of Variance technique(ANOVA), and Confidence Interval(CI)
for Hb.

A. Statistical Analysis of Left Artifacts on Volatile Memory

Anova is a technique that is used to differentiate multiple
factors in order to conduct analysis of variance. The main
objective of Anova is to find statistically that one alternative is
better than to other alternative or not. In this work,we analyze
the results of left memory artifacts of the acquisition tools.
Anova does the work as following:

• it separates total variation observed in a set of measure-
ments into:

– (1) Variation within one system.
∗ Due to random measurement errors

– (2) Variation between systems
∗ Due to real differences + random error
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TABLE V
OUTCOME OF ANOVA ANALYSIS

Name Value
F-tabulated 2.437692635
F-calculated 6.816682225

The main idea behind Anova is to check the variation(2) if
it is statistically>variation(1)?
To get much deeper understanding on how to use and
apply Anova, we looked in the book published in 1991
by Jain’s [17]. The book(The Art of Computer Systems
Performance Analysis) explains thoroughly how to use Anova
and calculate these two variations. Here, we show the basic
measurements we need to come up with Anova analysis
technique. The technique applied in this work uses F-test
which is decompressed to F-computed and F-table. F-table
is obtained from a specific table as mentioned in the book.
F-computed needs to be calculated as follows:

F =
S2
a

S2
e

Where in general :

S2
x = SSx

df

df =degrees of freedom
Sa =the mean square value for SSA
Se =the mean square value for SSE
α =the significant level needed to be obtained
SSe =calculated by variation due to errors in measurements
SSa =calculated by variation due to effects of alternatives.

After calculating the previous part(F-computed and F-
table), we need to compare between both of the values in
order to take such the following decisions:
If F-computed is greater than F-table, we have (1 − α) ∗
100% confidence that differences among alternatives(modes)
are statistically significant.

As shown in Table V, F-calculated(it is calculated based on
our experimental results of Table II and III) is clearly greater
than the F-tabulated.

As a result, we can come to say that our tested acquisition
tools are significantly different with 95% confidence interval
based on left artifacts on the volatile memory. So, we reject
Ha0 and accept Ha1 .

B. Statistical Analysis of Processing Time

According to the experiment, increasing the memory size x
times do not increases the processing time x times. To validate
it we have done confidence interval(CI) [17] for the average
accuracy. As shown in Table VI, the mean of processing
time ratio(1.49) is located between upper bound(C1) and
lower bound(C2). Consequently, Hb0 is rejected, and Hb1 is

TABLE VI
CONFIDENCE INTERVAL OF PROCESSING TIME RATIO

Confidence Interval for the Average Ratio
Mean 1.495
SD 0.279
Confidence Coef-
ficient

1.96

Error Margin 0.223
Upper Bound C1 1.72
Lower Bound C2 1.27

accepted. The outcome of the statistical analysis validates the
stated results previously.

X. CONCLUSION

The field of digital forensics is progressing day by day to
enrich the area of security domain. New advance forensics
tools are existence to investigate occurrence. But the threat
to forensics is also becoming equipped with anti forensics
tools which can remove digital evidence or can make delay in
the evidence capturing process.As a result , efficient forensics
tools are necessary to maintain a proper investigation process.
This research examined six highly used memory forensics
tools based on left artifacts and processing time. According
to our experiment result and analysis, we can conclude that
BelkasoftRAMCapturer has least memory artifacts while it
is executed on any machine. As a result, it will erase less
system information from the volatile memory which are very
much important for digital forensics investigation. On the other
hand, FTK Imager has the highest memory artifacts which
may erase valuable evidence from the volatile memory. For
processing time, BelkasoftRAM Capturer has the lowest while
ProDiscover has the highest to capture memory for the digital
investigation process. Moreover, we can say that if the memory
size is increased then the processing time of capturing memory
of those acquisition tools may not be increase rationally.
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Abstract— In the traditional attendance system of 
Bangladesh, the teachers either call the name or identity 
number of the students to which the students respond or 
pass the attendance sheet to the students to sign. With the 
increase of the number of students in the last two decades, 
the difficulties in attendance management system has 
increased remarkably. Again, in case of passing attendance 
sheet to the students, some students sign multiple times 
and proxy attendance is taken. These two systems are very 
time consuming. To overcome these inconveniencies, this 
paper represents a smart attendance system prototype. In 
this paper radio frequency identification, biometric 
fingerprint sensor and password based technologies are 
integrated to develop a cost effective, reliable attendance 
management system. A desktop application is developed in 
C# environment to monitor the attendance system.   
Keywords— RFID, Biometric fingerprint sensor, 
password, C# language 
 

I.  INTRODUCTION  

The rate of literacy is one of the important parameters for 
the development of a country. The rate and the standard of 
education in Bangladesh in past few decades have been 
increased remarkably. The standard of education depends on 
the percentage of student attendance in class room, student 
result, quality of teaching etc. In modern teaching system, 
instructors allot a certain percentage of marks for attendance 
in classroom. As the number of students is increasing in 
classroom more, more time is required for traditional 
attendance systems. The systems are also faulty in many cases. 
The late comer students do not get attendance in traditional 
attendance system as a punishment. Proxy attendance is also a 
problem in present attendance system. In this paper, a three 
layer identification system is proposed. The attendance 
management system is also involved in developing a C# 
application for constant visualization of attendance. In the 
section II the literature review, in section III the system 
architecture and identity verification algorithm, in section IV 
software development, in section V performance analysis, in 

section VI comparative analysis and in section VII future work 
is described. 

II. LITERATURE REVIEW 

A real time keypad based attendance system with the 
ability to collect data form EEPROM to a Raspberry Pi server 
from different wireless sensor node is developed previously 
[1]. A matric card and barcode scanner based wireless 
attendance system is proposed by some researcher [2]. Motion 
sensor and RFID based attendance system with Web ASP.net 
application   is shown in some research [3]. An RFID based 
attendance and monitoring system which is connected to a 
database using SQL is developed by researchers at Notre 
Dame University [4]. In literature [6], RFID is interfaced with 
Arduino and the data is sent to web for laboratory attendance. 
A creative system which is based on secret code generation 
with MD5 algorithm for each student daily integrating near 
field communication technology (NFC) is also developed [7]. 
This work also developed desktop, web and android 
application. Near field communication technology is also used 
in [8], to check the attendance of students in Kasetsart 
University at Si RaCha campus. An excellent system 
combined with NFC and biometric fingerprint identifier is 
used for the development of an electronic voting machine 
recently [5]. An online attendance system where automatically 
warning letter and graph charts are generated has been 
proposed by some researchers [9]. Web based attendance 
system is offered in literature [11] and [12]. The authors of 
[13] and [14] proposed the integration of biometric fingerprint 
sensor with zigbee for attendance system. Researchers of 
University Teknologi MARA Malaysia also developed 
barcode type attendance [15] which is very much similar to 
the system describe previously [2]. 

III. SYSTEM ARCHITECTURE 

In this system the main processing unit is arduino mega 
2560. The developed system consists of a fingerprint sensor, 
RFID reader and tag, 4X4 keypad, 16X2 LCD display and a 
personal computer. The brief description of the architecture of 
the system and verification algorithm are given below. 
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Figure 1. System Architecture 

 
a) RFID reader and Tag:  RFID stands for Radio 

Frequency Identification. The modern RFID systems are better 
than the barcode system and system which employs near field 
communication (NFC). The RFID system widely used in 
access control, goods identification, passport, tracking vehicle, 
people etc. RFID tags are three types which includes active,   
passive and battery powered. The passive tag does not need 
any external power and this type of tag is used to develop this 
system. The RFID readers are also three types namely active 
reader passive tag, active reader active tag and passive reader 
active tag. The first type of reader is used in this work. At first 
RFID reader sends a specific radio frequency when the RFID 
tags are brought near it. As the tag is exposed to the specific 
radio frequency, it will respond and send a unique tag number 
to the RFID reader. The RFID reader and tag is interfaced 
with the processing unit via UART communication.  

Since the reader is interfaced with the processing unit, 
unregistered tag number will be detected. Here Grove -
125kHz RFID reader is used.  

b) Biometric finger print sensor: The method of 
recognizing a person’s physiological or behavioral 
characteristics is known as biometrics. Some unique physical 
creed of human being includes fingerprint, iris, voice, facial 
pattern etc. Biometric finger print sensor GT511C1R by ADH 
tech is used to develop this system. The sensor has 32 bit 
ARM cortex M3 core. Its maximum identification time is less 
than 1.5 seconds. The DSP chip inside the sensor identifies the 
finger print using SmakFinger3.0 Algorithm. At first the 
finger prints need to be registered to the finger print sensor. 
This process is known as enrollment. Enrollment of finger 
print sensor is done with an input ID. For the enrollment of 
two successive finger print to the sensor, the sensor enrolls the 
first finger print and waits for the the removal of the finger 
from the sensor. After the removal of finger the sensor selects 
another ID for which it will enroll the next finger print. 

For the verification of the finger print, the host at first 
sends the verify command. After receiving the verification 
command, the finger print sensor scans the finger print. Then 
after processing, the sensor sends the ID number i.e. 
acknowledgement byte to the host device if the fingerprint is 
registered previously. Otherwise the sensor will not send 
acknowledgement byte to the host device. 

 
Figure 2.  Finger print identification [16] 

c) Identity Verification:     

The identity verification of the system requires three layers 
of authentication. If any one of the authentication is failed then 
the next authentication step will never execute and the system 
will terminate its operation. The three layer identity 
verification is accomplished by the algorithm which is 
described in the following figure 2.  
 

 
 

Figure 2.  Flow chart for Identity verification 
 

IV. SOFTWARE DEVELOPMENT 

Visual Studio 2012 has been used to develop a windows 
application in C# language. In this application the instructor or 
the teacher must give his specific password to access the 
software. The students can’t access this application due to 
password protection and to avoid any misuse of this software. 
After log-in procedure, the teacher can connect or disconnect 
the hardware device with the software. The course teacher 

Keypad Arduino Mega 

Biometric finger 
print sensor 

RFID Reader 

Personal  
Computer 

LCD 
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name and the course number are then showed on the 
application. The students are then allowed to give their access 
parameters to the hardware device for attendance. If the 
student ID is verified then the software saves the student ID, 
student name and percentage of attendance in a text document.  
A serial port object has been instantiated to receive data from 
hardware device. When the device connect button is pressed 
the specific serial COM port is opened and the textbox under 
this button shows device connectivity status.   A data receive 
event handler has been used to receive data when serial port 
event occurs due to incoming data on serial receive buffer.  
 
 

 
Figure 3. Flowchart of the desktop application 

 

 
 

Figure 4. Desktop application 

 
 

V. PERFORMANCE ANALYSIS 

The performance evaluation of the system is done in 
different ways. The system is shown in the figure 5. 

 

 
Figure 5. Smart attendance system 

A. Unencumbered Interfacing: 

Both the hardware and the software interfacing has been 
made user friendly, so the operator need not to be trained. 
Since modular design is adapted, interfacing the hardware is 
easier. This also provides advantage in replacement and 
maintenance of any subsystem. The hardware provides digital 
output to the processing unit which is more immune to external 
noise. The developed system performance shown in the figure 
6 

 
Figure 6. Operation of Attendance system 

B. Cost Analysis: 

Even though cost of fingerprint sensor and RFID module is 
moderate, the system works perfectly. As it is a prototype 
design and modular too, the costing for this prototype is 
considerably high. But if the whole system is developed and 
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integrated commercially then cost effectiveness of the system 
will be increased. If the Arduino Mega 2560 is replaced with 
low cost Atmel or PIC microcontroller chip then it will 
minimize cost considerably.  

C. Fast Response Time 

The response time of the system is moderately fast. If the 
finger is placed properly then typically it will take less than a 
second for identification. As the RFID data receive task is 
serial interrupt driven, the response for RFID identification is 
very fast. Though the keypad response time depends on user 
input, efficient use of the system keeps the response time 
remarkably less.   

VI. COMPARATIVE ANALYSIS  

The following table shows the comparative analysis 
between the proposed system and the similar types of systems 
that were developed previously. 

Table I : Comparative Analysis of Different System 

 
In the above mentioned table, it is seen that only one or two step 

authentication for attendance is used in most of the methods. But the 
proposed method shows three steps of authentication which make it 
more reliable.  

VII. FUTURE WORK 

In future, this work can be improved by incorporating IoT 
applications with the existing system. If IoT application is 
incorporated, then the attendance status can be seen from the mobile 
devices which are connected to the dedicated server. For IoT based 
attendance management system, GPRS & light weight protocol can 
be used. MQTT is a light weight data transmission protocol. Since 
small data packet can be used in this system, MQTT protocol will be 
perfect choice here.  

VIII. CONCLUSION 

The system described in this paper is for taking general 
purpose attendance. Though several methods of taking 
attendance was proposed previously, most of the systems did 
not integrate more than two sub systems which makes them 

vulnerable when proxy attendance is given by students on 
behalf of their absent friends. With minor modification such as 
face identification, this system can also be used for security 
purpose. 
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Abstract— Wireless sensor networks are principally 
categorized by insufficient energy resource. Naturally, 
communication between the nodes is the utmost energy 
consuming act that they perform. Hence, development of a well-
organized clustering algorithm can play a vital part in enhancing 
the lifetime of network. Currently, nature inspired methodologies 
are very common in dealing with it. This work presents a 
centralized approach that deals with energy-awareness of 
wireless sensor networks using the Krill Herd algorithm. The 
performance of the suggested algorithm is assessed with famous 
clustering protocols. The simulation results show that suggested 
approach can maximize sensor network lifetime over other 
algorithms of the same category. 

Keywords— Krill Herd; Clustering; Optimization; Wireless 
sensor networks. 

I.  INTRODUCTION  

Current developments in Micro-Electro-Mechanical 
Systems area brought some exciting news for wireless sensor 
networks [1]. It ensures us the development of low power and 
multifunctional wireless nodes which are able to communicate 
between short distances [2-3]. The sensors are furnished with 
some amount of control, communicating and sensing 
components. To build a wireless sensor network (WSN), some 
of the sensor nodes are put inside a network area and are used 
to monitor  natural disaster [4-5], patients [6-7], environment 
[8-10], as well as in military target tracking [11-12], precision 
agriculture [13-14] etc. 

WSNs are very tiny in structure and also resource 
constrained by processing performance, memory, and limited 
power supply [2]. Thus, in every situation, nodes depend on 
limited source of energy e.g. low powered batteries [15].  If 
once the sensors are installed and operating in the sensor 
network, changing the batteries usually is not a good option. 
Thus almost all current and related works in this particular 
arena are considering energy efficiency as their research topic 
[16-17].  

Clustering reduces the amount of sensors that want to 
contact and communicate to the base station (BS) from a 
distance and also ensures the distribution of energy evenly 
amongst the sensors [1]. This paper develops a centralized 

cluster forming algorithm using Krill Herd (KH) to extend the 
network life span [18]. The simulation and evaluation of the 
proposed KH algorithm against other algorithms were 
performed on the basis of scalability, total lifespan of the 
network and also the volume of data directed to base station. 
The proposed algorithm was simulated against some 
established protocols like PSO, LEACH-C, and LEACH. 

Rest of the research work is prepared as follows: the 2nd 
section discusses the literature review part. Section 3 
summarizes radio and network models. Section 4 describes the 
projected configuration of clustering protocol using KH 
algorithm. In section 5, simulations of our protocol are shown, 
and section 6 concludes the work.  

II. LITERATURE REVIEW 

  In literature, the algorithms that worked with cluster based 
approaches are very large in numbers. Among these, one of the 
most known and pioneering clustering protocol is Low Energy 
Adaptive Clustering Hierarchy (LEACH) [1]. A further 
improvement of the LEACH is LEACH-C [19], which 
constructs clusters in a centralized way, meaning all the 
calculations are done in BS. Very recently some researchers 
used nature-inspired algorithms in order to resolve the 
problems associated with clustering namely Ant Colony 
Optimization (ACO) [20-21],   Particle Swarm optimization 
(PSO) [22-23], Cuckoo Search (CS) [24], Genetic Algorithm 
(GA) [16][25] etc. Krill Herd (KH) [18] is one of the latest 
inclusions in bio-inspired optimization algorithms. KH was 
proposed in 2012 by Amir Hossein Gandomi and Amir 
Hossein Alavi. The algorithm was inspired from the formation 
of various groups of marine animals which are non-random and 
under-dispersed. The name “krill” roots back to the word in 
Norwegian language, which stands for "small fry of fish”. 
Antarctic krills are one of the well-studied types of marine 
animal. Krill herds are accumulations with unparalleled 
orientation remaining on time scales of hours to days and space 
scales of tens to hundreds of meters. Among many, one of the 
qualities of this species is its capability to organize huge flocks.  

In several literatures it was proved that KH algorithm 
performs better than the PSO and GA [26] . So the target of 
this research work is to find out whether KH performs well 
comparing to other algorithms in WSN. To the best of our 
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knowledge, this is the first work that implements KH algorithm 
in clustering in WSN. In this research, the clusters are created 
with the best possible set of nodes in each round. Later the data 
collected by them are passed on to the designated cluster head 
(CH). Therefore, the aim was to optimize the energy 
expenditure among the nodes on the basis of their residual 
energy. In turn, it will improve the network life span. 

III. THE SYSTEM MODEL 

A. Network Model 

 We are assuming the following configurations with our 
network model:  the Base Station is fixed and is situated inside 
the network field. The nodes are static; always have some data 
to send to BS. All the nodes can function both as a cluster head 
and as a normal node. In order to reduce the amount of sent 
messages we used data aggregation. 

B. Radio Energy Model 

 Our proposed algorithm implements the similar strategy for 
radio model which was used in [27]. In order to attain 
reasonable Signal-to-Noise-Ratio (SNR) in transferring l-bit 
data through distance d, we will use the following equation:  

                              
ETX(l,d) = l.Eelec + 1.ɛelec.d2 ,      if d<d0 

              = l.Eelec + 1.ɛelec.d4 ,      if d≥d0 

 

 
 
                (1) 

Here Eelec stands for the amount of energy it loses to transmit 1 
bit of data that is used to run the receiver circuit. And again, to 
receive l bit packet, the amount of energy dissipated by the 
radio will be calculated as follows: 

ERX(l) = l.Eelec 

 
IV. PROPOSED ALGORITHM DESCRIPTION  

A. Krill Herd Algorithm  

Krill herd studies the herding behavior of the krill swarms 
considering the factors influencing the position of the krill 
individually as well as in the herd. The Lagrangian model [28] 
describes the functionality of Krill Herd algorithm. Fitness 
function of a krill is the combination of the highest density of 
the krill and the distance of food from the krill. The time 
dependent position of a krill is ascendant by the following 
three factors [26]: 
- Movement induced by other krill individuals; 
- Foraging activity; and 
- Random diffusion  

The fitness function of the algorithm in an n-dimensional 
space could be simplified as below:  

          
௫ௗ௧=N+F+D 

Where N is Motion induced on ith krill individual due to the 
other krill individuals. F is Foraging motion and D is Random 
diffusion.     

B. Cluster Setup Using Krill Herd Algorithm 

In any wireless sensor network two types of 
communication scenario is observed. One is inter cluster and 
the second one is intra cluster communication [3]. This 

transmission may be through single-hop to the BS or through 
multi-hops among CHs headed for the BS. In this work we 
have used single hop technique. The main purpose of 
clustering is to increase intra cluster communication and select 
a proper cluster representative from all the nodes in each 
round. After gathering total information from the non-cluster 
head nodes, the cluster head will forward the data to the BS. In 
this approach the total amount of energy consumption 
decreases. But in this procedure if a single node is always 
acting as the cluster head of that cluster, that node will lose its 
energy level. So, it is required to assign a new node to be the 
Cluster head in every round. Krill herd will help making the 
decision of which node would be suitable for current round. 
The amount of energy and distance from non-cluster head or 
normal nodes are two criteria for nominating a fresh CH in a 
round. 

C. Clustering Phases 

Usually clustering protocols dwells in four foremost phases 
and in two stages. The major four phases are: i) Cluster head 
selection ii) Cluster formation iii) Data aggregation iv) Data 
communication. Two stages are i) Setup stage ii) Steady state 
stage. In the beginning of a single setup phase, sensors send 
information to the base station about their location and residual 
energy. Based on these data, BS measures the average energy. 
For one particular round only those sensors are selected as 
probable CH aspirant, who have greater energy than the 
average of that specific cluster in that round. This operation 
ensures that the nodes with a competent energy are designated 
as CHs for that round. Afterward, the BS runs KH algorithm to 
determine the fittest K number of CHs. In turn, it minimizes 
the cost function, as well-defined by : 

               f1=݉ܽݔ      

݀ ሺ, ,݁ܪܥ ݇ሻ⁄ ,݁ܪܥ ݇ ∨∑ ܭ                                                 = 1,2,3                  

        f2=      ∑ ሺܧ ሻேୀଵ  /∑ ,݁ܪܥሺܧ ݇ሻୀଵ  

                cost = β x f1 + ( 1+ β ) x f2 

Here f1 function is the max average Euclidian distance among 
sensors and associated CHs. The |Ce,k | is the number  of 
sensors that fit into the cluster Ck of Krills. Ratio of the whole 
preliminary energy of all sensor nodes ni, i=1,2,....,N in the 
network with all existing energy level of the CHs applicants of 
that particular round is well-defined by f2. β is a user defined 
constant which is important to decide sub objectives role. 
Fitness function given here describes the objective of 
decreasing the remoteness of intra cluster amid CHs and their 
respective sensors, as quantified by f1. As per the cost function 
mentioned earlier, a smaller value of f1 and f2 suggests a dense 
cluster construction with the utmost optimized set of sensors 
that have suitable level of energy to be the CH in that round 
[24]. 

If a WSN has N sensor nodes and K number of fixed 
clusters, the clustering for this sensor network may be 
identified as follows: 

1. Initialize K krills to contain K arbitrarily designated CHs 
within the fit CH candidates []. 
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2. Assess cost function for each Krill i. 
     A) For every node ni =1,2,....,N 

            Xvector (i) = random number (between the         
maxPosition and minPosition)  
              Kvector (i) = evaluate (Xvector(i)) 
              B- Kib=K; best fitness values for whole swarm so far  
              Xib=X; best position for whole swarm so far  
C- Find the krill that has the best fitness and its position  
              
              Kgbest = min(K) 
              Xgbest= return the position of Kgbest 
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Fig 1: KH Algorithm flow chart  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Fig 2: Selection of finest set of CHs using Krill Herd 

      
  3. Calculation of Motion: 

- Motion urged by the presence of other individuals 
- D, Foraging motion 
- Physical diffusion 

  4. Find the best positioned krills. 
  5. Updating the positions of individual in the search space 
using the following equation. 
          dXi = delta_t*(N(i)+F(i)+D(i));  
            X(i)=X(i)+dXi; 
  6. Repeat steps 2 to 5 until the highest number of iteration is 
reached or any other ending criterion. 
 
  After getting the best set of clusters, cluster heads and their 
cluster members, the BS transmits the data that contains the 
CH-ID for each node back to all nodes. Figure 1 depicts the 
flow chart of Krill herd algorithm in selecting the best set of 
CHs. Figure 2 shows our proposed clustering algorithm and 
the whole procedure of clustering using KH algorithm in 
WSN.  
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V. SIMULATION AND ANALYSIS 

This protocol was implemented in MATLAB R2013a. Our 
implementation of the simulation was in the setting of 100 
nodes in an area of 500m x 500m. The BS is located in 
coordinates ( 250,250 ). It was proposed that 20% of the  nodes 
will have 5J of initial energy. The other 80% will have 2J of 
initial energy. 5% of the total sensor nodes will be selected as 
cluster heads (K=5). The evaluation of our proposed clustering 
algorithm was done against three important protocols. First one 
is LEACH. LEACH is one of the pioneering clustering 
protocols. Second, LEACH-C, because we used a centralized 
clustering system which was first implemented in LEACH-C. 
Third is Particle Swarm Optimization (PSO), because PSO 
achieved the best optimization accuracy in clustering in several 
researches[25].  

We simulated the network until all the nodes died. The data 
packet was set to 6500 bytes in length. The size of the control 
packet was 250 bytes. We used 30 Herds, Pa=0.25. Here Pa is 
the probability of krills that are discarded after every round.  
We set our constant β= 0.010. Table 1 shows the parameters we 
used in the simulation. 

Table 1. Values of the Network Parameters 

Parameters Values 
Number of nodes 100  
Area size 500m X 500m 
Coordinates of Base station (250, 250)  
Data size 6500 bytes 
Control packet size 250 bytes 

Number of clusters K  5% of total nodes 

 

 

Fig 3: Lifetime of network after 50% node dies 

 

 

Fig 4: Lifetime of the network till all the nodes die 

 

 

 
Fig 5: Total data received at the BS over time

 
Fig 6: Scalability of the protocol 

 

Figure 3 demonstrates the period after the loss of 50% of 
the total sensor nodes. Figure 4 shows total network life span, 
defined by number of sensors alive over rounds (here 100 
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nodes, 1100 rounds). Both the figures show that the clustering 
algorithm outperforms the overall network lifetime of PSO , 
LEACH-C and LEACH, by almost 9 %, 38 %, and 54 % 
respectively. Firstly, the reason is, with optimal CH 
distribution across the network and less amount of  intra 
cluster distance, the proposed protocol gives better network 
lifetime. Thus, the energy consumption is condensed. 
Secondly, the adopted method produces decent adjustments 
where cost function values are acceptable to the WSN 
necessities. 

Figure 5 shows the number of messages that are 
transmitted to the BS by all the techniques. KH increases the 
data delivery by factors of 17% over PSO, 53% over LEACH-
C and 163 % over LEACH. KH algorithm can choose the 
node with high energy as CH by considering the minimum 
distance between the sensors and their respective CH and 
residual energy of the candidates of the Ch. Therefore, more 
packets are sent to the BS.  

For the scalability evaluation, the KH clustering algorithm 
is simulated for a number of instances where the volume of 
sensor varies from 100, 200 to 500 nodes. This simulation 
illustrated the competence of the WSN scalability of our 
designed protocol. From Figure 6, it is noticeable that it 
produces reasonable results even when the number of nodes 
are augmented from 100 to 200 and 500 respectively.  

VI. CONCLUSION AND FUTURE WORKS 

     In this paper, we used KH algorithm to define an energy-
aware  clustering algorithm for WSNs. Simulation results 
show that our projected algorithm achieved improved cluster 
formation by uniformly distributing the CHs all through the 
network area and thus maximizing the lifespan of the network 
than other popular algorithms like LEACH, LEACH-C, and 
PSO. Our future plan is to extend this algorithm to accomplish  
more improved results in more versatile scenarios.  
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Abstract—Textile inspection system, which carries a lot of 

importance in the production process of textile goods, has been part 
of a great deal of research for automating the process. Manual 
textile inspection is a lengthy, slow as well as erroneous job; 
therefore, automation of textile inspection is a demand of time. 
Machine vision based i.e. automated fabric inspection deals with 
two primary challenges, namely defect detection and defect 
classification. The quality and quantity of research done on defect 
detection and classification is still not up to the mark. Our focus is 
on detecting various defects in textile fabrics and classifying them. 
We extracted features using statistical techniques. Images of textile 
fabrics were used as sample. Inspecting the images, geometric and 
statistical features were found out. Through this paper, we bring in 
a suitable Bayesian classifier to classify the images into different 
classes of defective properties. Our approach has delivered 
acceptable accuracy compared to other works in the domain of 
textile defect detection and classification. 

Keywords—Textile defect, statistical features,defect detection, 
defect classification, Bayesian classifier, accuracy. 

I.  INTRODUCTION 

Readymade garments items are the main source economic 
growth of Bangladesh. More specifically, textile industry is the 
backbone of Bangladeshi export sector. To gain maximum 
performance from this sector, the quality of products attracts 
the primary focus. As the competition is increasing day by day, 
there is no alternative of producing the best quality product to 
endure and dominate the global textile sector. Rapid as well as 
correct defect detection leads to minimizing the cost of 
improvement of quality. For detection of defects, the traditional 
approach is manual inspection that is lengthy and prone to 
human error. One of the best solutions of this problem could be 
checking the quality of the product in an automated way. 

To work with the problem we have collected a sample 
dataset. Our dataset is comprised of 128 samples of fabrics 
where each samples consisting of 8 geometrical features along 
with 5 statistical features. 

Features identification has been done using a statistical 
features extraction process. Various images of knitted fabrics 

have been converted into different predefined formats in order 
to extract the features. Once we identified various features 
from the given sample, Bayesian classifier has been deployed 
to those features in order to categorize the defects into various 
classes. Satisfactory results have been found throughout the 
work. 

The arrangements for the remaining part of the paper are 
follows: Section II is used for Literature review. The 
methodology of our work has been discussed in Section III 
while, Implementations are discussed in Section IV. Section V 
has been used for experimental result and comparative analysis 
and finally in Section VI, we have discussed about the future 
prospect of our work.  

II. LITERATURE REVIEW 

First of all, it is necessary to identify the various possible 
defects of fabric, i.e. in Textile defect detection and 
classification techniques, features from which the detection and 
classification is done play a pivotal role. Several feature sets 
have been used over the years; however, a suitable set is still 
debatable. Again, defect classes are also subject to research as 
different researchers used different features and classes. The 
features of various defects that we have chosen has been 
delimitated in Fig. 1.  

Scientists have tried various automated artifact for the 
inspection of fabric [1]-[20]. Among all the approaches, only a 
few of them focused on identifying the classification rather 
than detects. It is observed that popular strategies for 
classification are done based on some popular machine 
learning schemes. Some activities [2]-[8],also concentrated on 
choosing of correct features [9]-[12].An approach[8]for 
classification of defect using Support Vector Machine (SVM) 
which was not preferable for real life implementation as the 
feature extraction process was very troublesome.  

Classification of statistical conjecture was confined to 
binary classification [13], that is defective and without any 
defect [14]. It will not be possible to identify the classification 
of defect using the binary classification.  

2016 International Workshop on Computational Intelligence (IWCI)
12-13 December 2016, Dhaka, Bangladesh

103 

Laaz
Typewriter
978-1-5090-5769-6/16/$31.00 ©2016 IEEE



 

(i) 

 

(ii) 

 

(iii) 

 

(iv) 

Fig. 1. Various types of defects that occurr in knitted Textiles. 

(i) Missing yarn, (ii) Color yarn, (iii) Spot, (iv) Hole. 

    Automation of fabric inspection is a real-time problem 
and needs a prompt suitable approach to deal with that, but 
the model-based approach [15] for clustering failed to meet 
the requirement.  

Besides SVM and various model based clustering 
techniques, many works [6], [10] on classification have been 
done using Artificial Neural Networks (ANNs). In a 
remarkable work by M. T. Habib and M. Rokonuzzaman [16] 
on feature selection, ANN is used for defect classification but 
the size of the dataset was not very large and it was also done 
based on only geometric features. Various works [2], [9] uses 
Back-propagation learning approaches. Kumar [17] trained his 
network using Back-propagation algorithm and again trained 
separately using Least Mean Square Error simply known as 
LMS algorithm, but both of the cases it worked only for binary 
classification and cost was also very high. Though Saeidi et al. 
[2] trained their network in such a way so that it can handle 
multiclass problem but the application of the network was 
confined only to frequency domain and was not applicable for 
spatial domain. Kuo and Lee [9] also designed an ANN which 
had been implemented to handle multiclass problem, but the 
network failed to establish defect analysis and justification of 
feature in a broad category along with classification error. 
Another work [12] has been done to deal with multiclass 
problem which uses Learning Vector Quantization (LVQ) to 
train the network can be functional in both spatial as well as 
frequency domain but the problem was lack of defect analysis 
and no feature justification. The work on defect classification 
using ANN by Karayiannis et al. [6] used ANN for defect 
classification but feature justification for defect analysis failed 
to get the pass marks. Satisfactory results of defect 
classification using ANN has been found by Mitropulos et al. 
[1] but the dataset were too small to come into a conclusion. 
Islam et al. [4] and [7] also addressed multiclass problem using 
ANNs, application range has become limited as the sample 
along with the number of features size were too small.  

It has been observed that SVM, model-based clustering, and 
various ANN techniques were not good enough to give the 

suitable result in classification of defective fabrics that is the 
main reason behind choosing Bayesian classifier for our work.  
So far various works [18]-[20] on defect classification used 
Bayesian classifier for their work, while Naïve Bayesian 
classifier has been used by Keerthika et al. [18] and Jeong et 
al. [19] also used Bayesian classifier for textile defect detection 
but was only applicable for binary classification as a result it 
could not handle the multiclass problem. A significant work 
[20] of defect classification based on Bayesian classifier has 
been done on geometrical features only. Since there has been 
no significant work of defect classification based on statistical 
features, the aim of our experiment is to accomplish the task of 
defect classification using only the discriminatory quality of 
statistical features.  

III. METHODOLOGY 

The pragmatic approach of our work consists of statistical 
defect detection as well as the classification. For identification 
of defects, we have deployed a statistical technique 
(thresholding technique) and we have used Bayesian classifier 
to classify different types of defects. The procedure begins with 
a supervised image of knitted textile goods, which 
subsequently transformed into a gray-level image. After that, 
the noises of the image need to be filtered to make it smooth. 
From the image a gray-level histogram is needed to form in 
order to calculate two threshold values by using histogram 
peach technique [21]. Segmentation of images takes place 
using those two threshold values that finally results in a binary 
image. Binary image comprises of defected object and defect 
free part a long with some noises. The noises are negligible 
compared to the minimum size of the defects that need to be 
detected. The minimum defect size that we want to detect is 
3mm×1mm.Therefore, size-based threshold technique is used 
to remove noises. Different calculations on statistical features 
of various defects are needed to form a features vector. Finally, 
the classifications of various defects are done depending on the 
features vector using a previously trained Bayesian classifier.  

A. Defect Types 

We proposed four different types of defects based on most 
frequent appearing defects of knitted textile goods in 
Bangladesh.  The classification of the defects are- color yarn, 
hole, missing yarn and spot. Fig. 1 shows these four distinct 
types of defects and which were described in details in [16]. 

B. An Appropriate Set of Statistical Features 

For classifying defects, an appropriate set of statistical 
features have been selected. The set comprises of the 
following statistical features: 

i) Mean gray-level color intensity difference (ΔμGS). 
ii) Mode gray-level Color Intensity difference (ΔMoGS). 
iii) Standard deviation of gray-level color intensity of pixels in 

defective regions (σGSDR). 
iv) Coefficient of variation ofgray-level color intensity of 

pixels in defective regions (CVGSDR). 
v) Skewness of gray-level color intensity of pixels in defective 

regions (γGSDR). 
The details of all the five features can be found in [16]. 
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C. Bayesian Classifier 

Bayesian classifier is notable for classification and has been 
using for many years. Different unknown samples can be 
classified to various categories using Naïve Bayes classifier.  

Let consider M and N are two events, therefore the Bayes 
theorem can be stated as: 																						ܲ(ܯ|ܰ) = (ܰ)ܲ(ܯ)ܲ(ܯ|ܰ)ܲ	 ………………… .… (1) 

Here, 

• ܲ(ܰ)	represents as the evidence. 

 .represents the class-conditional probability	(ܯ	|ܰ)ܲ •

 .represents the prior probability for M	(ܯ)ܲ •

 .represents the posterior probability for M (ܰ	|	ܯ)ܲ •

 

 Various advantages of using naive Bayesian are fast and 
computation is also easy, it is not impressionable to irrelevant 
data as it considers each attributes as independent element. 
Therefore, the probability of one attribute will not be affected 
by another attribute.  

Again, the challenges of building a Bayesian classifier 
include bias, variance and noise of training data. The selection 
of distinguished features can reduce the training data noise 
while the effect of bias and variance is integrated within the 
system. 

The methodical definition of Naïve Bayesian classifier can 
be demonstrated as: 

ܥ				       = ݃ݎܽ max∈{ଵ,ଶ,…,} ∏(ܥ)ܲ ୀଵ(ܥ|ݔ)ܲ …… (2) 
Where, 

• ܲ  ݇ probability of class = (ܥ)

• ܲ  ݇  given classݔ probability of feature = (ܥ|ݔ)

 

As, the nature of attributes are continuous, the density 
estimation function can be stated considering the distribution as 
normal: 																									߮ఓ,ఙ(ݔ) = 	 ଶߪߨ2√1 ݁ି(ೣషഋ)మమమ …………………(3) 

Density function expresses the relative probability of a 
point, where,  represent the mean and the standard ߪ	andߤ
deviation respectably. ߮ఓ,ఙ(ݔ) is needed to calculate ܲ(ܥ|ݔ). 

The model has been trained by calculating estimation of 
prior probability ܲ(ܥ) and for every attribute	ܣ, for every 
attribute value ݒ of 	ܣ estimating	ܲ(ܣ =   .(ܥ|ݒ

Applying the probabilistic model for a given feature vector 
,ଵݒ) ,ଶݒ ,ଷݒ … , ܣ)ෑܲ(ܥ)ܲ																								 ), the class is picked that maximizesݒ = )ܥ|ݒ

ୀଵ ……………………(4) 

IV. IMPLEMENTATION 

 Our implementation included feeding the classifier with 
training samples to build the model. Since the classifier we 
built was solely on Bayesian theorem, the classifier needed a 
probability table described as “pTable”. pTable is a three-
dimensional array with rows representing classes, columns 
representing features and each cell consists of two levels. The 
first level contains the mean of the respective feature within 
that class and the second level contains the standard deviation 
of the same. The last column contains the prior probability of 
the class. 

We fed the classifier with the sample data set. As 
mentioned earlier, our data set made up of 128 Textile samples 
along with various features, which have been represented using 
numerical values. An excel sheet has been used to represent 
those numerical values while the values has been adopted using 
image processing. Table I shows the distributions of the 
samples in different classes. Standard formulas have been used 
for finding means and standard deviations. The classifier needs 
to initialize and the values of the standard deviations along 
with mean are collected to get the classifier prepare to 
accomplish its job. 

TABLE I.  SAMPLES AND THEIR DISTRIBUTIONS 

Sample Sample 
size 

Training 
samples 

Test 
samples 

Horizontal 
Missing yarn 

19 11 8

Vertical 
Missing yarn 

19 10 9

Color Yarn 16 10 6

Spot 18 9 9

Hole 23 10 13

Defect free 33 20 13

Total 128 70 58

 

To make the classifier prepare to classify, samples are feed 
into the classifier one by one. The holdout method [22] is used 
in order to select the proportion of data reserved for training as 
well as testing. For every test sample of class classes, the 
posterior probability has been computed. After the calculation 
of posterior probability the class with the highest value 
represents each test sample. We performed the training of 
classifier with five distinguished classes, which are:  horizontal 
missing yarn, vertical missing yarn, color yarn, spot, and hole. 
Each class was enumerated from 1, 2, 3, 4 and 5 respectively. 

V. EXPERIMENTAL RESULT AND COMPARATIVE ANALYSIS 

The results that we have achieved after implementation of 
our approach are promising enough. Table II describes the 
results obtained. Simple method of correctness ration has been 
used for accuracy calculation. It can be stated as: 
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ݕܿܽݎݑܿܿܽ = .݊	 .݊ݏ݈݁݉ܽݏ	݂݀݁݅݅ݏݏ݈ܽܿ	ݕ݈ݐܿ݁ݎݎܿ	݂ 	ݏ݈݁݉ܽݏ	݀݁ݐݏ݁ݐ݂ ൈ 100% 

TABLE II.  DEFECT CLASSIFICATION PERFORMANCE 

Class Accuracy 

Horizontal missing yarn 98.84% 

Vertical missing yarn 99.05% 

Color yarn 100% 

Spot 99.45% 

Hole 100.0% 

Defect free 99.21% 

Total 99.85% 
 

To understand the merits of our work in textile defect 
classification, we need to delve into all results found. Since 
different researcher considered and classified classes in 
different way due to the variety of defects, as a result it has 
become difficult to compare between all the works. According 
to the review of Kumar [23] for automatic fabric defect 
detection more than 95% accuracy should be considered as 
industry standard. Considering this review the accuracy we 
have achieved has clearly crossed the standard.  

The sample has been tested with various ratios between test 
dataset and training dataset. We have found poor accuracy 
while 20% of our sample dataset has been used for training 
purpose and the rest i.e. 80% of the sample data has been used 
for testing purpose. While increasing the percentage of training 
data to 25%, the accuracy has been improved but the 
improvement was very negligible. However, a drastic change 
in accuracy has been found after increasing the sample of 
training dataset to 33% to 50%. Fig. 2 demonstrates the 
accuracy curve rising along with the increase of training 
samples. 

 
Fig. 2. Performance curve 

 

VI. CONCLUSION AND FUTURE WORKS 

We have exhibited an extensive pathway to classify textile 
defects in this paper. Since we completely relied on a dataset 

with features extracted with statistical techniques, the 
classification cannot be stated as final. We have considered 
thirteen features both of geometric and statistic characteristics. 
We are satisfied with the result of our work and can be 
considered well enough compared to other relevant works. 

However, the accuracy can vary if we applied on a large 
dataset with similar features. Nevertheless, a lot of work 
remains to be accomplished. The data set could be enriched 
with more samples as well as with improvement in the quality 
of the images. We have a plan to work for reducing the amount 
of features to be used in machine vision based automated 
classification of textile defect detection. 
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Abstract— Thermal ablation technique applies to remove 

malignant tumors from an individual with minimal effect on the 
surrounding healthy tissue. It is one of the effective cancer 
treatment procedure. In this medical procedure, the malignant 
tissue is removed by heating it above 50°C. To do this it requires 
a local heat source, in which a small electric probe is inserted into 
the tumor tissue. Position, duration and power are some 
important factor to damage the tissue effectively. Less time 
cannot damage the affected tissue properly, on the other hand 
excess time heating will damage the healthy tissue. Finally, the 
result shows that 10-minute heating is the most effective time to 
remove 90% of the tumor cell while positioned at the center. In 
which the temperature of electric probe is 950 C and the tumor 
cell is destroyed damaging very small portion (maximum 10%) of 
healthy tissue. 

Keywords— Thermal Abolation Technique; Cancer Treatment; 
Electric probe heating;  

I.  INTRODUCTION 

A lot of people suffer from malignant kidney tumors, 
mostly renal cell carcinoma. [1] To remove these tumors there 
are some specific treatments. But these treatments are complex 
and mostly cause more side effects e.g. damaging good cells, 
radiation effect. [2] According to the proposed ablation 
technique for malignant kidney tumor, we can avoid surgical 
procedures like excision or nephrectomy, depending upon the 
extent of invasion of tumor. [3] Research shows that in 1988-
1992 kidney cancer rate was highest in France (16.1 in hundred 
thousand man and 7.3 in hundred thousand women per years 
and lowest in India (2.0 and 0.9 respectively). [4] It has shown 
in many research that high temperature is used to destroy 
harmful cancer cell and it is less harmful to human body than 
other techniques. [5]  

Thermal ablation technique has become an alternative 
treatment to remove the tumor cells. This ablation technique is 
less harmful to healthy tissue and cost effective than other 
techniques. By inserting a four-armed electric probe through an 
electric current can run is accomplishes in this study. For this 
case bioheat equation models along with the temperature field 
in the tissue is used. The heat source which is resulting from 
the electric field is also known as resistive heating and The 
actual model comes from S. Tungjitkusolmun [6].  

II. METHODOLOGY 

In this case it has been considered that an electric probe is 
inserted into the tumor mass. The probe is made of a trocar (the 
main rod) which has four electrode arms. Trocar is electrically 
insulated but electrodes are not insulated. Electric current run 
through the probe which creates an electric field in the tissue. 
The electric field is strongest near the probe and this generates 
resistive heating, which dominates the probe’s electrode arms. 
In this study thermal ablation technique using electric probe 
heating is observed by the absorption of temperature by the 
affected tissue. Temperature distribution is also analyzed and 
verified using damage tissue figures, temperature and damage 
tissue graph. 

A. Simulation Model 

The following model shown in Fig.1(a) and (b) 
demonstrates the block of kidney tissue with a tumor cell 
region and the electric probe with four electrodes is placed with 
in the vicinity.  

 

Fig. 1.(a) Kidney tissue and Electric probe Parts  

Blood Vessel  

Kidney Tissue 

Electrodes 

Trocar Tip 

Trocar Base 
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Fig. 1.(b) Tumor mass and Blood Vessel 

To implement a transient analysis in this model, the Bioheat 
Transfer interface, the Electric Currents interface and a 
Electromagnetic Heat Source has been introduced. The 
standard temperature unit in COMSOL Multiphysics is kelvin 
(K) but in this model we use the Celsius temperature scale. The 
bioheat equation that transfer heat in the tissue is given as (1). 
[6] 

extmetbbbbts QQTTCTK
t

T
C ++−=∇−∇+ )().( ωρ

δ
δρδ  …(1) 

In (1) δts is a time-scaling coefficient; ρ is the tissue density 
(kg/m3); C is the tissue’s specific heat (J/(kg·K)); and k is the 
thermal conductivity (W/(m·K)). On the right side of the 
equality, ρb gives the blood’s density (kg/m3); Cb is the blood’s 
specific heat (J/(kg·K)); ωb is its perfusion rate (1/s); Tb is the 
arterial blood temperature (Κ); and Qmet and Qext are the heat 
sources from metabolism and external heating, respectively 
(W/m3).  

From (1) if Qmet and Tb is considered as constant over time 
interval, and then the differential function of the temperature T 
can be solved for the for the given external spatial heating from 
the electric probe over certain period. Hence temperature 
effects from the heating probe can be measured from this 
equation. The specific heat and the thermal conductivity of the 
analyzed tissue can reveal how the heat is spread from the core 
temperature change of the electrodes. 

B. Material Properties 

For solving all the boundary values FEM (Finite Element 
Method) was used. Dielectric properties of Kidney tissue and 
Tumor were taken from the analysis [7][8], which are 
summarized in Table I.  

TEBLE I: DIELECTRIC PROPERTIES OF  NORMAL KIDNEY TISSUE AND TUMOR 

Properties Values Units 

Heat capacity (constant pressure) 3540 J/(Kg·K) 

Density 1079 Kg/m3 

Properties Values Units 

Relative permittivity of Kidney 1 - 

Electric conductivity of Kidney 0.333 S/m 

Thermal conductivity of Kidney 0.50 W/(m·K) 

Thermal conductivity of tumor 0.6 W/(m·K) 

Electric conductivity of tumor 3 S/m 

Relative permittivity of tumor 1 - 

III. RESULTS INVESTIGATION 

A. Temperature of Electrodes and Surrownding Tissues: 

Fig. 2. (a), (b) and (c) show the simulated result of 
temperature of the electrodes and tissue after 5, 10 and 15 
minutes. After 5-minute temperature increases from 370 C to 
maximum 95.10C and temperature spread in a small region. 
But after 5 and 10 minutes temperature increases to 95.90C 
which is enough to destroy the tumor cells. Although after 5 
min the heat spreads around most of the tumor cell and 
allowing more time consecutively starts to damage the healthy 
cells. 

     
(a)After 5 min  (b) After 10 min  

 

(c) After 15 min 

Fig. 2. Temperature of Electrodes and Tissue  

Blood  Vessel 

Tumor  Mass 
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B. Tempareture And Damaged Tissue Graph: 

Fig. 3(a), the temperature at one electrodes after 10 minutes 
demonstrates that temperature increases from 00C to 950C. 
After first 5 min the temperature raises about 940C and takes 10 
minutes when the temperature is in the saturation region and 
the temperature reaches to 950C.  

 

Fig. 3.(a) Temperature of One Electrode  

Fig. 3(b) shows five cut points and damage tissue curve. 
Different color shows different cut point. The pink line shows 
the cut point outside the edge and blue is at the center of the 
malignant tissue. In this graph shows that with increasing time 
temperature increases along with tissue damage. At the edge 
after 10 minutes of heating about 30% cell is damaged. More 
heating time will increase the fraction of necrotic tissue but 
also starts to damage the healthy tissues. 

 

Fig. 3.(b) Fraction of Necrotic Tissue  

C. Electric Potential: 

Fig. 4 shows the electric potential of the electrodes. As the 
electric input power has been kept persistent over time, the 
electric potential for any given time reaches to highest value of 
22V and lowest value of 0V. 

 

  

 

Fig. 4. Temperature of Electrodes and Tissue  

D. Isothermal Counter: 

Fig. 5.(a), (b) and (c) show the isothermal counter of the 
tumor mass after 5, 10 and 15 minutes accordingly. Iso-thermal 
surface is 500C and from the simulation it has been shown that 
after 5 minute it has covered a very small area. After 10 
minutes, it covers whole of the tumor mass and eventually after 
15 min the isothermal counter go past tumor cell, that means it 
started to damage the healthy tissues.  

  
 (a)After 5 min (b) After 10 min  

 

(c) After 15 min 

Fig. 5. Isothermal Counter Of Tumor Cell.  
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E. Damaged Tissue Cell: 

Fig. 6.(a), (b) and (c) shows the damaged tissue after 5, 10 
and 15 minutes accordingly. The red regions are 100% 
damaged tissue whereas green are identifying 50% damaged 
tissue region. Hence it can be observed that after 5 minutes, 
tissue has damaged only at the adjacent area to the electrodes. 
While after 10 minutes of persistent heating, it has damaged 
80% area at the edge of the tumor cell. And then after 15 
minutes it has damaged almost all the tumor cells, but starts to 
damage the healthy tissue.  

  
 (a)After 5 min (b) After 10 min 

 

(c) After 15 min 

Fig. 6. Damaged Tissue  

IV. CONCLUTION 

This work presents the analysis the heat transfer using the 
electric probe in a malignant renal mass. To accomplish this 
temperature distribution, electric potential of probes and tissue 
and their effect on kidney tissue and tumor is investigated in 
this paper. The observed results can be summarized as Table II. 

TEBLE II: SUMMARY OF THE RESULTS 

Time 

Temperature of 
electrodes and 
surrounding 

tissue            
(0C) 

Electric 
Potential 

(V) 

Damaged tissue 
(%) 

5 95.1 22 80 

10 95.9 22 100 

15 95.9 22 Above 100 
 
From the analysis, it shows that the damage of tumor cell is 

depend on the time how long the electricity pass and the 
temperature of electrodes. 950C is enough to destroy or remove 
the cancerous tumor cell from the healthy tissue and the 
effective time is 10 minutes. This method is more easy, cost 
effective and less risky than any other method such as 
microwave ablation [9]. To develop the proposed technique 
into a low cost effective treatment for malignant kidney tumor 
a practical implementation with tissue and tumor properties can 
be investigated for the future works. 
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Abstract—Because of advantages of Electrical Vehicles (EV), 
people are becoming more interested in using them rather than 
using mechanical differentials. In electrical vehicles different 
types of electrical machines such as Interior Permanent Magnet 
Synchronous Motor (IPMSM), Induction Motor etc. are used. 
The design of a controller is a challenging work, as the output of 
the motor has to match with vehicle input. So, far, most of the 
reported works have utilized proportional-integral (PI) 
controllers as the speed control. But, the disadvantage of PI 
controller are well known, as its design depends on the exact 
motor parameters & the performance is sensitive to system 
disturbances. Thus one of the main objective of this paper is to 
replace the conventional PI controller by an Fuzzy logic 
controller which is capable of handling highly non-linear IPMSM 
motor for high performance application in Electrical Vehicle 
taking core loss into account. The main advantages of FLC over 
the conventional controllers are that the design of FLC does not 
depend on machine parameters. The effectiveness of the 
proposed Fuzzy Logic controller based IPMSM taking core loss 
into account has been verified by using MATLAB Simulink 
Software. In simulation work different road conditions for EV 
are considered. After the simulation fuzzy logic controller is 
found to be robust for the speed control application of Electrical 
Vehicle with IPMSM taking core loss into account. 

Keywords—Electrical Vehicle; Interior Permanent Magnet 
Synchronous Motor; Fuzzy Logic Controller;Proportional Integral;  

 

I. INTRODUCTION 

 
In this modern era people prefer more automated and safe 
electrical vehicles because of its cleanest, most efficient, and 
most cost-effective form of transportation around the world. 
Electric vehicles use energy stored in its rechargeable 
controlling a vehicle in different conditions of road has 
become one of the biggest issues.For this reason, a need arises 
to build more efficient control, light weight, and compact 
electric propulsion systems, so as to maximize driving range 
per charge. Due to its high torque-current ratio, large power-
weight ratio, high efficiency, high power factor, low noise and 
robustness, the permanent magnet synchronous motor 
(PMSM) is the preferred motor topology in today's automotive 
applications [1], [2].PMSM with interior or buried magnet in 
rotor known as IPMSM has higher power density compared 
with surface mounted magnet (SPMSM) according to 
industrial standard so far [3]. 

Permanent magnet synchronous motors (PMSM) have 
emerged as a very strong contender to replace induction 
motors used in electronically controlled variable speed 
applications in recent years. In most cases, PMSMs can 
provide superior performance in terms of increased efficiency 
and reduced noise. [2, 3].Depending on the placement of PM, 
PMSM are called either Surface Permanent Magnet 
Synchronous Motor (SPMSM) or Interior Permanent Magnet 
Synchronous Motor (IPMSM).IPMSM, having interior 
mounted permanent magnet rotor, is a good candidate for 
high-speed operation [4]. 
 
The challenge comes to researchers on how to control IPMSM 
efficiently due to its robustness and non-linearity 
characteristic. Initially fixed gain PI controllers were 
employed by researchers as speed controller of IPMSM drive 
system because of their simplicity [5, 6, 7]. However, it is very 
hard to determine suitable PI controller parameters in 
controlling complex non-linear, incompletely modeled or 
uncertain systems since the speed and the torque of the motor 
always change depends on terrain and traffic condition 
traveled by electric vehicle. Besides, this PI controller will 
exhibit poor transient response thus it’s not suitable for this 
application due to complexity of this system[8]. 
 
Intelligent controllers offer many advantages as their design 
do not need the exact mathematical model of the system and 
theoretically they are capable of handling any non-linearity of 
arbitrary complexity [9]. Besides they exhibit excellent 
dynamic response. Among the various intelligent controllers, 
fuzzy logic controller (FLC) is the simplest and better in terms 
of response time, insensitivity to parameter and load variations 
[9], [10].  
 
Fuzzy logic idea is similar to the human being‘s feeling and 
inference process. Unlike classical control strategy, which is a 
point-to-point control, fuzzy logic control is a range-to-point 
or range-to-range control[11].  
 
In this paper the FLC system is proposed to control of IPMSM 
as an application of electrical differential of an electrical 
vehicle. Overall fuzzy logic control system including IPMSM 
models taking core loss into account, Electrical Vehicle model 
& Fuzzy Logic Controller is simulated in MATLAB Simulink. 
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The output response is satisfactory compare with conventional 
controller output. 
 

II. DYNAMIC & STATE SPACE MODELS OF IPMSM 

The dynamic equivalent circuit of an IPMSM taking core 
loss into account in synchronously rotating d-q axis reference 
frame [12,13] is shown in Fig. 1. Hysteresis loss and eddy 
current loss are the two components of core loss but for the 
sake of simplicity, the components of core loss are represented 
by a single quantity [12,14, 15] with a constant value of Rc as 
shown in Fig. 1.  

 

(a). d-axis 

 

(b). q-axis 

Fig: 1: Equivalent Circuit of IPMSM model 

 

According to Fig. 1, the d-q axis stator voltage of an IPMSM 
as follows:  
 ௗܸ = 	ܴ௦	݅ௗ + ܲ߮ௗ − ߱߮																								(1) ܸ = 	ܴ௦	݅ + ܲ߮ௗ − ߱߮																									(2) 

where, ߩ = ቀ ௗௗ௧ቁ,					ܴ௦ = 1 + (ܴ௦ + ܴ) 
 
The d-q axis flux linkages are: ߮ௗ = ௗ݅ௗܮ + Ѱ																																									(3)  ߮ =   (4)																																																					݅ܮ
 
The relation of current of IPMSM are given as:  ݅ௗ = ݅ௗ − ݅ௗ																																															(5) ݅ = ݅ − ݅																																															(6) 
 
The mechanical dynamic of IPMSM can be expressed as:  Tୣ = T + J୫ρன౨B୫ω୰																																(7) 
 
The electromagnetic torque is: ܶ = 	 ܲሾѰ݅ + ௗܮ) −       (8)	)݅݅ௗሿܮ

The state equations of an IPMSM can be obtained by using the 
relation Eqs. (1-8) 
߱  = −ቀቁ߱ + ቀ ቁ ( ܶ − ܶ)																																										(9)  ݅ௗ = −ቀ ோೞோೞቁ ݅ௗ + ቀቁ߱݅ + ቀ ௩ோೞቁ																						(10)  ݅ = −	൬ ோೞோೞ൰ ݅ + ൬൰߱݅ௗ − ൬Ѱೌ൰߱ + ൬ ௩ோೞ൰ (11)  

 
Eqs. (9) through (11) represent the state space model, having 
the states ωr, imd, imq of IPMSM. The input can be selected as 
vd and vq while the output can be selected as ωr to control of 
speed of IPMSM .  
 

III. ELECTRICAL VEHICLE MECHANICAL LOAD’S 

The vehicle is considered as a load is characterized by 
different torques, which is mostly considered as resistive 
torques [12,13,16]. The vehicle torque is defined by the 
following relationship [12,17]: 
 
The total resistive torque is defined as: 
Tres=	Troll+	Taero+	Tslope                                                          (12)  
The rolling force can be given as: ݈݈ܶݎ =   (13)                                                                        ݓܴ݃ܯߤ	
The aerodynamic Torque is: ܶܽ݁ݎ = 	  (14)                                           	ݓܴ	2ℎݒܵ	ݔܥߩ	(½)
The slope torque can be given as: ݈ܶ݁ݏ = 	݃ܯ	 ∙   (15)                                                  	ݓܴ	ߚ݊݅ݏ	
 

IV. ELECTRONIC DIFFERENTIAL MODELING 

A simplified, trigonometry-based Ackerman steering model 
was used to obtain the Electronic Differential. 
 

 
Fig. 2: (a) Structure of Electronic Differential. (b) Design 
Model for Vehicle Structure Driven in a Curve. 
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In Fig. 2 since the two rear wheels are directly driven by two 
separate motors, the speed of the wheel at the outer position of 
the curve will need to be greater than the speed of the inner 
wheel during curved steering (and vice versa); this helps the 
tire from losing traction in turns. Fig. 2(b) shows the vehicle 
structure describing a curve, where Lw represents the 
wheelbase, δ the steering angle, dwthe distance between the 
wheels of the same axle and ωl and ωrthe angular speeds of the 
left and right wheel drives, respectively. ܮݑis the linear speed of the left wheel drive, ܴݑis the right 
wheel drive. The linear seed of each wheel drive is expressed 
as a function of the vehicle angular speed and the radius of the 
curve, according to Fig. 2. ݑ = ߱௩ ቀܴ + ௗഘଶ ቁ																																							(16)  ݑோ = ߱௩ ቀܴ − ௗഘଶ ቁ																																							(17) 
 
The curve radius is related to the wheelbase and steering 
angle: ܴ = ഘ௧ఋ(18) 
 
Substituting Eq. (18) into Eqs. (16) and (17), we obtain the 
angular speed in each wheel drive:  
 	߱ = 	 ഘା	½		ௗഘ୲ୟ୬ஔೢ ߱௩                          (19) 	߱ = 	 ഘି	½		ௗഘ୲ୟ୬ஔೢ ߱௩																														(20) 

 
The difference between the angular speeds of the wheel drives 
is expressed by the relation:  
߱߂  =	߱ோ −	߱ோ = 	 (ௗഘ∙	୲ୟ୬ஔ)ഘ ߱௩          (21) 

 
The direction of turn of an EV can be determined by the 
applied steering angle (ߜ) as follows: 
ߜ  > ߜ ݐℎ݃݅ݎ݊ݎݑܶ =0 = ߜ ℎ݁ܽ݀ܽݐℎ݃݅ܽݎݐܵ =0 <  ݐ݂݈݁݊ݎݑܶ =0
 
When the steering angle is applied the speed of inner wheel is 
reduced and the speed is increased of outer wheel. The driving 
wheel reference angular speeds are calculated by:  
 ߱ோ∗ = ߱௩ + ௱ഘଶ 																																													(22)  ߱ோ∗ = ߱௩ − ௱ഘ			ଶ 																																											(23)  
 
The speed references of the two motors are:  
 ߱∗ = ∗ோ߱ݎܽ݁݃݇ 																																								(24)  ߱∗ = ∗ோ߱ݎܽ݁݃݇ 																																							(25) 

Where, kgearis the gearbox ratio. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Block Diagram to Show Use of the Electronic 
Differential 
 

V. FUZZY LOGIC CONTROLLER 

Fuzzy logic is widely used in machine control. The term 
"fuzzy" refers to the fact that the logic involved can deal with 
concepts that cannot be expressed as the "true" or "false" but 
rather as "partially true". Although alternative approaches such 
as genetic algorithms and neural networks can perform just as 
well as fuzzy logic in many cases, fuzzy logic has the 
advantage that the solution to the problem can be cast in terms 
that human operators can understand, so that their experience 
can be used in the design of the controller. This makes it easier 
to mechanize tasks that are already successfully performed by 
humans. 

 

 

Fig. 4: Simplified Block Diagram of Fuzzy logic Controller. 
 
Three essential parts of fuzzy logic controller are: 
 

i. Fuzzifier: 
The process of converting a numerical 'variable (real number) 
into a linguistic variable (fuzzy number) is fuzzification. In 
FLC, the input is always a crisp numerical value limited to the 
universe of the input variable and the output is fuzzy degree of 
membership in the qualifying linguistic set (always between 0 
and 1). 

To design the proposed FLC, the first assumption is that the 
difference of the actual speed from the desired or reference 

∆߱ 

߱௩ + ∆2߱  
kgear 

kgear 
߱௩ + ∆2߱  

߱ೃ + ߱ೃ2  

∗ߜ
߱ೃ∗  ߱ೃ∗

߱௩
߱ೃ∗  ߱ೃ∗  
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speed, eω(k) and the difference of speed error, Δeω(k) are the 
only available controller input linguistic variables. The first 
difference of magnetizing q-axis current, ݅߂∗ , is considered 
as the output linguistic variable. For convenience, the inputs 
and output of the FLC are scaled with different coefficients Kω, 
Ke and Ki respectively. The scaling factors Kω, Ke and Ki are 
chosen for error of speed, change of error of speed and first 
difference of magnetizing q-axis current respectively as shown 
in Fig. 5. The triangular membership functions with overlap 
used for the input and output fuzzy sets are shown in Fig. 6 in 
which the linguistic variables are represented by NB (Negative 
Big), NM (Negative Medium), NS (Negative Small), Z (Zero), 
PS (Positive Small), PM (Positive Medium) and PB (Positive 
Big). The grade of input membership functions can be 
obtained as follows.   

  µ(x)=[w – 2|x-m|]/ w 

where, µ(x) is the value of grade of membership, w is the 
width and m is the coordinate of the point at which the grade 
of membership is 1, x is the value of the input variable. 

 

ii. Rule Base: 

The fuzzy mapping of the input variables to the output is 
represented to fuzzy IF-THEN rules of the following form: 

               If 〈݁ఠ	݅ݏ	ܰ〉 and 〈݁߂ఠ	݅ݏ	ܰ〉 Then 〈݅߂  〈ܵ	ݏ݅	
                     If 〈݁ఠ	݅ݏ	ܲ〉 and 〈݁߂ఠ	݅ݏ	ܼ〉 Then 〈݅߂  〈ܤ	ݏ݅	
The entire rule base is given in Table 1. There are total 
49 rules to achive desired speed trajectory. 

iii. Interface System: 

From the rule base in Table 1, the inference engine 
provides fuzzy value of ∆݅∗  and then crisp numerical 
value of ∆݅∗   is obtained by using defuzzification 
procedure. The most popular method of inference and 
defuzzification is Mamdani’s max-min (or sum-product) 
composition with center of gravity method [18]. In this 
work, Mamdani type fuzzy inference [18] is used. The 
center of gravity method [18] is used for defuzzification 
to obtain ∆݅∗ . The normalized output function is given 
as: ∆݅∗ (݊) = ∑ ேୀଵܥߤ ∑ ⁄ேୀଵߤ                     (26) 

Where, N is the total number of rules, µi is the membership 
grade for ݅௧ rule and Ci is the coordination corresponding to 
the maximum value of the respective consequent membership 
function [ܥ ∈ 	 ሼ0.0, 0.9ሽ]. After finding out ∆݅∗ , the actual 
desired first difference magnetizing current, ∆݅∗  can be 
found out by product of scaling factor as shown in Fig. 5 

 

iv. Defuzzifier: 

After the inference step, the overall result is a fuzzy value. 
This result should be defuzzified to obtain a final crisp 

output. This is the purpose of the defuzzifier component 
of a FLS. Defuzzification is performed according to the 
membership function of the output variable. 

 

Fig. 5: Scheme structure of the proposed FLC.[18] 

 
Fig. 6: Fuzzy sets and their corresponding membership 
function.[18] 

Table:1.  Fuzzy Rules ∆݁ఠ  ∆݅∗  NB NM NS ZO PS PM PB 

 ݁ఠ  
NB NB NB NM NM NS NS ZO 

NM NB NM NM NS NS ZO PS 

NS NM NM NS NS ZO PS PS 

ZO NM NS NS ZO PS PS PM 

PS NS NS ZO PS PS PM PM 

PM NS ZO PS PS PM PM PB 

PB ZO PS PS PM PM PB PB 

 

The 49 rules shown in tabular form are written in the program 
according to the syntax provided by MATLAB. The document 
is saved with the extension ‘.fis’ 

VI. SIMULATION & RESULTS 

 
Table 2& 3 shows the parameters of IPMSM which used in 
the simulation test. The simulation has been carried out using 
Matlab/ Simulink and Fuzzy Logic Toolbox. From the Graphs 
we can see when car will trun left then the right side speed 
will be increased & for left side it will be vice versa. When the 
car will go to up hills it will increase its torque & for down 
wards the torque will be decreased.  
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Fig: 6.a. IPMSM_ FLC Speed Measurement 

 

 
Fig: 6.b. Fuzzy Logic Speed Control 

 

                Fig: 7. Simulink Model of IPMSM Slope 
 

Fig: 7.a.Speed & Torque response of IPMSM_Left_FLC 
Slope 

Fig: 7.b. Speed & Torque response of IPMSM_ Right_ FLC 
Slope 

 
Fig: 7.c .Speed & Torque response of FLC_ Vehicle _Left 

 

Fig:7.d.Speed & Torque response of FLC_ Vehicle _Right 
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Table 2: Rating and Parameters of the Vehicle 
R

w 
 Wheel radius  0.32 m  

Η  Total transmission efficiency  93%  
M  Vehicle mass  1300 Kg  
C

d 
 Aerodynamic coefficient  0.46  

A  Vehicle frontal area  2.6 m2  
f
r
 Vehicle friction coefficient  0.01  ߚ Grade angle of the road  Rad  

L
w 

 Distance between two wheels 
and axes  

2.5 m  

d
w
 Distance between the back and 

the front wheel  
1.5  

 
Table 3: Ratings and Parameters of the IPMSM 

Stator resistance, R
s
 5.8 Ω  

Core loss resistance, R
c 
 100 Ω  

Rated speed, Nm  1500 rpm  
Rotor flux constant, λ

af
 0.533 Wb 

Motor moment of inertia, J  
0.00529 kgm

2

 
Sampling time  0.00100  
Number of pole pairs, P

n
 2  

Mechanical torque, T
m 

 40.77 Nm  

d-axis stator inductance, L
d 
 44.8e-03  

q-axis stator inductance, L
q
 102.7e-03  

V
dc 

 400 V  
 

VII.  CONCLUSION 

This paper has discussed about the model of an electrical 
vehicle, including model of IPMSM taking core loss into 
account with a Fuzzy Logic controller. It also discussed 
about the three different road conditions and they are: For 
turning left, for turning right and for road with slope. The 
system was implemented in MATLAB Simulink. It 
overcomes the problem of over shoot & also comforts the 
designer as itis free from mathematical expressions. From 
the simulation studies, it is seen that the proposed 
controller is robust and effective equated to the other 
conventional controller. 

 

References 
[1] F. Gieras and M. Wang, Permanent Magnet Motor Technology, New 

York, NY: Marcel Dekker Inc., 2002. 

[2] A. Consoli, G. Scarcella, G. Scelba, and A. Testa, "Steady-State and 
Transient Operation of IPMSMs under Maximum-Torque-per-Ampere 

Control," IEEE Trans. Ind. Appl., vol. 46, No. 1, pp. 121-129, JanJFeb. 
2010. 

[3] University of Paderborn. (2011). Control of Permanent Magnet 
Synchronous Motors for Automotive Applications. Retrieved June 7, 
2013, from http://wwwlea.uni-paderborn.de/en/research/pmsm-
control.html 

[4] Y. Li and D. Gerling, "The Comparison of Control Strategies for the 
Interior PMSM Drive used in the Electric Vehicle," The 25th World 
Battery, Hybrid and Fuel Cell Electric Vehicle Symposium & 
Exhibition, Shenzhen, China, Nov. 5-9, 2010 

[5] B.K. Bose, "A High Performance Inverter Fed Drive System of an 
Interior Permanent Magnet Synchronous Machine.ǁ IEEE Trans. On 
Industry Applications, vol. 1A-24, no. 6, 1988, pp 987-997. 

[6] S.R. Macminn, T.M. Jahns, "Control Techniques for Improved High 
Speed Performance of Interior PM Synchronous Motor Drives," IEEE 
Transactions on Industry Applications, Vol. 27, No. 5, Sept.-Oct. 1991, 
pp. 997 - 1004. 

[7] T. M. Jahns, G. B. Kliman and T. W. Neumann, "Interior Permanent 
Magnet Synchronous Motors for Adjustable Speed Drives," IEEE 
Transactions on Industry Applications, Vol. 1A-22, No. 4, July-
Aug.1986, pp. 738-747. 

[8] F. J. Lin and Y. S. Lin, "A Robust PM Synchronous Motor Drive with 
Adaptive Uncertainty Observer," IEEE Transactions on Energy 
Conversion, 1999, vol. 14, no. 4, pp 989-995. 

[9] M. N. Uddin, M. A. Abido and M. A. Rahman, "Real-Time Performance 
Evaluation of a Genetic Algorithm Based Fuzzy Logic Controller for 
IPM Motor Drives," IEEE Transactions on Industry Applications, Vol. 
41, No. I, Jan. /Feb. 2005, pp. 246-252. 

[10] M. N. Uddin, and M. A. Rahman, "High Speed Control of IPMSM 
Drives Using Improved Fuzzy Logic Algorithms," IEEE Trans. Ind. 
Appl., vol. 54, No. 1, pp. 190-199, Feb. 2007. 

[11] “Modern Power Electronics & AC Drives” by Bimal k.Bose 

[12] Mohammad Abdul Mannan, Toskiaki Murata and Junji Tamura, 
“Design and Simulation of Discrete Time Optimal Speed Control for an 
IPMSM Taking Core Loss into Account”, The AIUB Journal of Science 
and Engineering (AJSE), Vol. 6, No. 1, August, 2007. 

[13] Brahim Gasbaoui, Abdelfatah Nasri, “A Novel Multi-Drive Electric 
Vehicle System Control Based on Multi-Input Multi-Output PID 
Controller”, SERBIAN JOURNAL OF ELECTRICAL 
ENGINEERING, Vol. 9, No.2, June, 2012 

[14] Mohammad Ashraful Alam, Mohammad Abdul Mannan, “Design and 
Analysis of EV Controller using IPMSM Taking Core Loss into 
Account”, Journal of Control & Instrumentation, Vol. 6, No. 2, 2015.  

[15] Sumon Kumar Ghos, Mohammad Abdul Mannan, “Design and Analysis 
of Linear Quadratic Regulator for the application of EV Differential 
based on IPMSM”, Journal of Control & Instrumentation, May 2016.  

[16] Mohammad Ashraful Alam, Mohammad Abdul Mannan, Khondker 
Rezwanuzzaman, Mohammad Rashedul Amin, Khan Mohammad 
Shariful Islam, “Modeling and Performance Analysis of Electrical 
Vehicle with SPWM Inverter-fed IPMSM Taking Core Loss into 
Account”, Journal of Control & Instrumentation, Vol. 7, No. 1, 2016.  

[17] J. A.Haddoun, M.Benbouzid, D.Diallo, “Modeling, Analysis and Neural 
Network Control of An EV Electrical Differential”, IEEE Transactions, 
Vol. 55, No. 6, pp.2286-2294, June, 2008. 

[18] Mohammad Abdul Mannan, Asif Islam, Mohammad Nasir Uddin, 
Mohammad Kamrul Hassan, Toshiaki Murata, Junji Tamura, “Fuzzy-
Logic Based Speed Control of Induction Motor Considering Core Loss 
into Account,” Intelligent Control and Automation, 2012, 3, 229-235. 

[19] Fuzzy Logic Based Efficiency Optimization and High Dynamic 
Performance of IPMSM Drive System in Both Transient and Steady-
State Conditions. 0093-9994 (c) 2013 IEEE. 

. 

 

2016 International Workshop on Computational Intelligence (IWCI)
12-13 December 2016, Dhaka, Bangladesh

117 



Algorithms Efficiency Measurement on Imbalanced Data using
Geometric Mean and Cross Validation

Mustakim Al Helal, Mohammad Salman Haydar and Seraj Al Mahmud Mostafa
Department of Computer Science and Engineering, Faculty of Science and Information Technology

Daffodil International University, Dhaka-1207, Bangladesh
{mustakimsunny.cse, salman3045, seraj.mostafa}@diu.edu.bd

Abstract—The recent computing trend is producing tons of
data every minutes where the amount of imbalanced data is quite
high as far as real life data sets are concerned. In practical aspects
of data mining, the imbalanced data set is prone to misguide a
data mining model. However, data set needs pre-processing before
mining. This work focuses on some practical data mining tech-
niques and produces a valid evaluation process for imbalanced
data set. A critical comparison of few well established algorithms
are illustrated. Accuracy of few well known different algorithms
such as, Decision Tree Classifier (DTC), Support Vector Machine
(SVM), K-Nearest Neighbor (KNN) and Random Forest (RF)
are also compared. The data was tested before and after Over-
sampling using Synthetic Minority Over-sampling Technique
(SMOTE) and then verified by using Geometric Mean (GM) and
Cross Validation techniques. The results we achieved in this work
demonstrates a critical comparison of some algorithms and most
importantly performance measure that is valid for imbalanced
data.

Index Terms—Imbalanced data; SMOTE; Geometric Mean;
Cross Validation; SVM; KNN; Decision Tree Classifier; Random
Forest;

I. INTRODUCTION

We, literally live in a world of data that became
the most important asset to assist any computerized
and non-computerized system. There may be raw data,
unprocessed/processed data, meta data and such other data
forms those need to be analyzed to extract the required
information. Having a huge amount of data in these days
is a privilege for different corporations such as, business,
intelligence, hospitals, government and so on to extract
knowledge on specific area. Mining of data therefore became
an innate part of the data centric world to serve different
purposes. Data mining is a specialized field of computer
science where a huge amount of data set is considered
and some hidden information from those data is revealed
through specific techniques. But one challenge prevails
over these data sets is being imbalanced. In fact, most real
life data is imbalanced and noisy. Sometimes, data mining
approaches might apparently look very promising having a
great amount of accuracy which practically is not logical
due to the imbalanced data set. So, researches have been
carried out over the years on handling imbalanced data set
and their various techniques for finding ways to balance
inconsistent data sets. Intuitively, there are different ways
to handle an imbalanced data set, however, the question
is, which approach may give the appropriate solution?
The solutions may come up by different parameter tuning

TABLE I
IMBALANCED DATA AND ITS CLASS DISTRIBUTION

Class N N[%]

unacc 1210 (70.023 %)
acc 384 (22.222 %)

good 69 (3.993 %)
v-good 65 (3.762 %)

and comparing algorithms before and after sampling the
imbalanced data sets. The performance measures can tell us
which way to follow for a fast convergence towards our goal.
In this work, we focus on achieving a decision regarding an
imbalanced data set. Our approach is a stochastic algorithm
selection and tuning parameters. We focused to have an insight
into an imbalanced data set that can raise issues with accuracy.

Imbalanced Data Set: The chosen data set is significantly
imbalanced which may form worst case scenarios can also
be considered. Table I contains imbalanced data set with its
different class distribution that is considered as our test case for
this work. The data set containing car data provided by the UCI
machine learning repository [1]. There are 1700+ data in the
Car data set out of which 70% falls into unaccepted category
which is quite significant. So we chose Over-sampling method
to balance it. After we ran the process, a new set is produced
with a balanced data which is illustrated in Table V. This
balanced class values are obtained after the SMOTE algorithm
is applied on the data set which is discussed in section IV.

II. RELATED WORK

A good number of research have been carried out in this
area. Learning from imbalanced data is always a difficult and
also one of the frequent problems in data mining and machine
learning problems. One related work is active learning from
imbalanced data set by Ertekin S et al. [2] discussed on
the concept of providing a more balanced class to a learner
that tends to produce better results. Our approach is also
similar to active learning and the objective is to provide
user a better class value before applying state of the art
algorithms. Re-sampling and hyper-parameter tuning is part
of the process to provide the learning algorithm with much
stable examples. Another work is related to our approach
where feature selection was discussed. For an imbalanced data
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set, feature selection is not as straightforward as it is supposed
to be. So, feature assessment is done by a threshold value by
Chen, X [4] However, unlike our approach of evaluation of
their prediction model is based on an area under ROC curve.
Haibo and Edwardo [6] pointed on the failure of distributive
characteristics of the data due to complex imbalanced data sets
that leads to unfavorable accuracies across the classes of the
data. Khoshgoftaar et al. discussed the inequality and degree
of class in real-world data sets alomg with few applications,
such as fraud detection, diagnosis of rare diseases [7] which
becomes problematic due to imbalanced data. SMOTE algo-
rithm [10] has been used for Over-sampling in various research
work that emphasis on data balancing.

III. METHODOLOGIES

The main contribution of this paper is to critically ana-
lyze some well established classification algorithms on an
imbalanced data set. We take a car data set that is relatively
simple in terms of the attributes but is significantly imbalanced
to one single class value. This is a multi-class classification
problem having four different class values. However, the data
in concentrated to one single value as much as 70%. Another
challenge is that the data set does not have a big number of
tuples. So, the data set is relatively week which is a best suit
for the issues that we will try to solve. First, re-sampling was
done to make it more of a fit into the feasible region. We
applied four different algorithms for this data set to check the
performance on imbalanced data. Decision tree classifier, Sup-
port Vector Machine (SVM), K-Nearest Neighbors (KNN) and
Random Forest algorithm from Ensemble method were applied
before and after the re-sampling. Each time a parameter tuning
was performed which bring out the changes in performance
dramatically. Geometric Mean (GM) technique was used on
imbalanced data set for validation.

IV. RE-SAMPLING EFFECT ON DIFFERENT ALGORITHMS

This research work is carried out in few simple steps to
determine the actual results before and after sampling. As
we see, the data set are distributed in four separate classes
which are unacc, acc, good, and v-good, that gives a decision
on the product whether it is unaccepted,accepted, in very
good condition or in good condition. The main problem
of this data set is having 70.023% imbalanced data that is
the unaccepted class, which is much higher compared to
the accepted class with only 22.222%. On the other hand
the good and v-good class scored only 3.993% and 3.762%
respectively. It shows an abnormality within classes which
clearly picture an imbalanced data set. The aim was to find
the score of the data before and after sampling from the
imbalanced data and balanced data set. To follow the target,
we divided the work in few steps which are described in the
following sections.

Step 1: At the very first step, we pre-processed data
using Sci-kit learn to apply different algorithms on the data
set. The data set we have chosen has different class values

TABLE II
NUMERICAL REPRESENTATION OF ATTRIBUTES VALUE

Attributes value Represented value

vhigh 3
high 2
med 1
low 0

small 0
big 2

5more 5
more 5
unacc 0

acc 1
good 2
vgood 3

TABLE III
ALGORITHMS EFFICIENCY MEASUREMENT FROM IMBALANCED AND

BALANCED DATA USING GEOMETRIC MEAN

Algorithms Before Over-sampling After Over-sampling
(imbalanced data) (balanced data)

Decision tree classifier 0.911409 0.971213
SVM 0.919679 0.969262
KNN 0.924694 0.960892

Random Forest 0.924694 0.966673

both in string and numerical forms which is converted to
numeric numbers. Table II shows the list of the numerical
values ranging from 0 to 5 for separate attributes values in
the data set. After this we scaled our feature values between
0 to 1 before feeding to our algorithms to maximize the
performance of four different algorithms.

Step 2: In this step, we split the imbalanced data set
into Training and Test data on a random selection basis
which are 70% and 30% respectively. Decision Tree Classifier,
Support Vector Machine (SVM), K-Nearest Neighbor (KNN)
and Random Forest were applied on training data one by one
and then checked how accurately each model can predict on
test or unknown data when the training data is imbalanced. The
result is shown in the center column in the table III are the
geometric mean (GM) scores which is discussed in detail in
step four. GM score is calculated from contingency table of the
nodes. True Positive, True Negative, False Positive and False
Negative are used to calculate the GM score. GM is one of the
most reliable techniques for calculating performance measure
for imbalanced data set. We also used K-fold cross validation
for performance measure which is illustrated in the table IV.
From both the table III and IV it is clear that, after sampling K-
fold cross validation slightly better scores are achieved overall
for the algorithms which is exaggerated a bit. To some extent
it is a biased result due to the imbalanced data. Another visible
difference between GM and Cross validation is illustrated in
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TABLE IV
ALGORITHMS EFFICIENCY MEASUREMENT FROM IMBALANCED AND

BALANCED DATA USING CROSS VALIDATION

Algorithms Before Over-sampling After Over-sampling
(imbalanced data) (balanced data)

Decision tree classifier 0.917203 0.983677
SVM 0.918399 0.962190
KNN 0.897539 0.974586

Random Forest 0.913146 0.974586

Fig. 1. Learning Curve For SVM before Over-sampling

KNN and Random Forest algorithm prior sampling. GM gives
comparatively better score when the data is fully imbalanced
and oversampling was not applied to the data set. Whereas,
cross validation gives a low score on the imbalanced data
particularly for these two algorithms.

In this step, we do an additional check on the trained model,
whether or not it is suffering from over-fitting or under-fitting.
It is also to be noted that, to add artificial data the model
has to be in low bias. If two lines converge at a good score
then it is likely to be a good model. If the two lines is not
converging but they are going to converge at a good score
then getting more data will help to converge. If training score
is very higher than the cross validation score then this model
is suffering from over-fitting problem then getting more data
is likely to help us. We explicitly test the learning curve for
SVM and RF algorithm since these two are more prone to
over-fit the model due to high accuracy rate and we do this
before and after Over-sampling.

We got the learning curves in figure 1 and 2 before
Over-sampling. It is visible in 2 that, the training and cross
validation curves are going to converge at a good score, that is,
this model is not under-fitting which can be resolve by taking
more data. Figure 1 shows that, two lines are converged at a
good score, thus, this model also is not suffering from any
generalization problem.

The result in figure 3 and 4 are the learning curves we

Fig. 2. Learning Curve For Random Forest before Over-sampling

Fig. 3. Learning Curve For SVM after Over-sampling

got after Over-sampling. These curves clearly shows that,
the models are not suffering from either any under-fitting or
over-fitting problems. Also, the models point the increment of
the training size which is more stable from which the effect
of sampling can be understood.

Step 3: In the previous step we tested different models
on imbalanced data set and compared the results. In this step
we applied SMOTE Over-sampling technique to balance the
data set. Table V shows the balanced data set which is clearly
different than the imbalanced data set shown in Table I. After
getting the balanced data we repeat the previous process of
splitting training and test data and ran the four algorithms
again. The right most column in table III shows the comparison
to the previous result. We see a visible differences in accuracy
of the algorithms between pre and post sampling of the data
set. The comparison is pictured in figure 6.

In this step cross validation reapplied after SMOTE to
compare the scores with the GM score which is shown
in table III. Normal classification accuracy calculated as
total number of correct prediction divided by total number
of prediction but for imbalanced data it is not always a
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Fig. 4. Learning Curve For Random Forest after Over-sampling

TABLE V
BALANCED DATA AND ITS CLASS DISTRIBUTION

Class N N[%]

unacc 1210 (25 %)
acc 1210 (25 %)

good 1210 (25 %)
v-good 1210 (25 %)

good accuracy method. It often gives higher accuracy in
imbalanced data set. In cross validation we used this normal
accuracy method to calculate the accuracy in each of the 10
fold. The Cross validation scores are comparatively better
than Geometric Mean which is shown in Table III and Table
IV. Cross validation score is illustrated in figure 5 for all
algorithm before and after Over-sampling.

Step 4: For an imbalanced data set the Geometric Mean
(GM) is the most accepted and authenticated approach to
evaluate performance of the model. So, in this step we apply
Geometric Mean (GM) for each of the algorithms individually.
The technique that we have applied to the data set is known as
One Vs Rest. This is a multi-class classification problem where
we have four different class values. So, One Vs Rest technique
takes one single class value at a time and checks its validity
against all other class values. Each time a confusion matrix is
generated where we have True Positive (TP), True Negative
(TN), False Positive (FP) and False Negative (FN) values. So,
TP is summed up for each of the algorithms. Similarly, Tn, Fn
and Fp are also calculated. The scenario is described below:

Tp = Tp(DTC) + Tp(KNN) + Tp(SVM) + Tp(RF )
Tn = Tn(DTC) + Tn(KNN) + Tn(SVM) + Tn(RF )
Fp = Fp(DTC) + Fp(KNN) + Fp(SVM) + Fp(RF )
Fn = Fn(DTC) + Fn(KNN) + Fn(SVM) + Fn(RF )

After this we need to calculate Specificity (Sp) and Sensi-
tivity (Sn). The following formulas shows how the Sp and Sn

Fig. 5. Accuracy Comparison using cross validation on imbalanced and
balanced data

Fig. 6. Accuracy comparison using Geometric Mean on Imbalanced and
Balanced data

are calculated:

Sp = Tn
Tn+Fp

Sn = Tp
Tp+Fn

And finally, the GM is calculated as:

GM =
√
Sp ∗ Sn
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V. DISCUSSION AND FUTURE WORK

This work is based on imbalanced data set where we
have demonstrated a comparison of algorithms before and
after re-sampling of data. Geometric mean played a vital
role in authentication of the models for imbalanced data set,
although, Cross validation gave us better accuracy compared
to Geometric Mean on the same data set. Diverse experiments
are needed in the future to figure out the impact of geometric
mean in various real life applications. More noisy data can
be used to investigate the outcome of GM. The work can
be extended by feeding real time data set to the model for
example, satellite data or traffic data those are likely to have
more noise and also imbalance. Model over-fitting issue has
to be considered with importance when experimenting more
noisy data.

VI. CONCLUSION

Imbalanced data set is a serious issue in machine learning
and data mining problems. We tried to mitigate the problem
with some efficient techniques. Other focus of this work was
to link up scattered ideas of solving imbalanced data problems.
The accuracy we achieved is quite satisfactory but we cannot
expect such results every times. So, reliable performance
measurement is very important for such kind of problems. This
work could be a good reference as extensive research work on
balancing imbalanced data and the idea of integrating different
learning algorithms.
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Abstract—Traditional fingerprint matching algorithms 
primarily focus on minutiae points on fingertip surface. In this 
paper, a novel approach is proposed for fingerprint matching 
that is based on ridge and valley characteristics of fingerprints. 
At first, the input fingerprint image is normalized and the 
registration point of that particular fingerprint is detected. Then 
a line profile is generated centering on that reference point. The 
distances between the reference point and ridges and the count of 
intersection points of line profile and ridges are stored in 
database. This process is repeated after every 15 degree angle to 
345 degree in clock-wise direction and for orientation angle, the 
distances are stored sequentially. For matching intersection point 
count number along with the sequence of distance values are 
compared with the stored values. This new method can detect 
fingerprint from any orientation angle. Experimental result 
shows 90.87% accuracy of the proposed method. 

Keywords—Biometrics; Fingerprint match; Registration point; 
Ridge line; Line profile 

I. INTRODUCTION  
Fingerprint identification is a major physiological 

biometrics modality. Biometrics is an automated method to 
identify a person based on physiological or behavioral 
characteristics. Physical biometrics measures the innate 
physical characteristics of individual. Examples of physical 
biometrics include Fingerprint, Face, Hand geometry, Iris scan, 
Vascular scan, DNA etc. Out of these physical signs, 
fingerprint is the oldest and commonly used recognized 
biometric trait. Factors believed to be accountable for its vast 
application include individuality, uniqueness, permanence and 
reliability [1]. Biometric fingerprints are most widely used 
person identification tool. Every fingerprint has some unique 
local and global features on fingertip that are used by 
fingerprint verification methods. Local features are referred to 
as minutiae points and most of the fingerprint matching 
techniques are focused on minutiae points. One major 
shortcoming of minutiae based techniques is that if the 
minutiae points of a fingerprint are exposed, that person’s 
identity can easily be stolen since these techniques only uses 
the features extracted from minutiae points [2]. For example, 
any minutiae based system would detect both Fig 2(a) and Fig. 
2(b) as same fingerprint. We propose a novel line profile based 
fingerprint matching technique that uses the global level 
properties such as ridge and valley structures.   

In this paper, we calculated the distances sequentially 
between the registration point and the ridges that the line 
profile intersects along with the total intersection points for any 

particular line profile. The distances are calculated from 0 
degree to 345 degree incrementing the angle by 15 in clock-
wise direction. 

 Rest of the paper is organized as follows: Related works 
are given in section II. Section III explains about most popular 
and commonly used fingerprint features.  Section IV explains 
the proposed model and section V represents the experimental 
result with discussion. Finally, conclusion is drawn in section 
VI. 

II. RELATED WORKS  
The process of fingerprint identification using a ridge skin 

layout that is used to describe biometric characteristics is 
referred to as dactyloscopy. Minutiae based, correlation based 
and hybrid are three broad categories in Automatic Fingerprint 
Identification Systems. Minutiae based fingerprint 
identification system focuses on local level analysis of 
fingerprint features. On the other hand, global level analysis is 
frequently used for fingerprint classification and indexing 
problems. Fingerprint classification is an important indexing 
mechanism in the overall identification criteria since an 
accurate classification technique minimizes the fingerprint 
matching time in a large database. A Gabor filter based 
approach is explained in [3] to classify fingerprints without 
using singular point exactly. The core point in fingerprint plays 
an important role in classification and matching, especially in 
minutiae based techniques. Several algorithms have been 
proposed to detect the core point. Pankaj Mohindru, Govind 
Sharma and Pooja proposed a minutiae extraction method in 
[4] where the fingerprint image pixels are normalized using 
Fuzzy Inference System (FIS) and false minutiae points are 
deducted by calculating Euclidean distance between the 
bifurcation and termination points. Minutiae selection plays a 
vital role in minutiae based fingerprint detection techniques. In 
[5], seven minutiae selection methods are stated and shown that 
how the selection of minutiae points affects the performance of 
on-card-comparison algorithm. At first the ideal case, i.e. all 
minutiae points are considered and then six different test cases 
of minutiae selection under truncation based methods are 
represented. In order to identify partial fingerprints, all the 
features of fingerprint images are considered in [6]. Here, the 
fingerprints are compared pixel-wise by calculating their 
correlation coefficients. To develop minutiae-only algorithms 
with light architecture, another concept Minutiae Cylinder 
Code (MCC) was emerged which associates a local structure to 
each minutiae point. In [7], a 3D geometric hash table is 
proposed to store binary minutiae cylinder codes where the 
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access keys are the descriptors of the global geometric 
configuration. Monika and M. Kumar proposed a novel 
fingerprint matching technique [8] which generates authentic 
result irrespective of rotation or replacement. In this technique, 
the fingerprints are matched globally and if they are matched 
only then it is validated by matching the texture by Local 
Binary Pattern (LBP). In [9] to mitigate the complexity of 
determining the best correspondence among fingerprint 
images, fixed length representation of fingerprints is developed 
which generates exact alignment between the features of 
corresponding fingerprints and leads to high-speed matching 
with minimal computational effort. This method is also 
invariant to affine transformation. Image segmentation plays 
another key role in AFIS. A novel technique of automatic 
segmentation of fingerprint ROI is presented in [10] which 
employs divide and conquer approach using force field and 
heuristics. To solve the challenging task of matching a 
particular fingerprint against a large scale fingerprint database, 
a novel distributed approach called DFRS is proposed in [11]. 
It uses an innovative framework integrating key technologies 
for data compression and space reduction. Another method to 
increase the accuracy and robustness of fingerprint verification 
system is proposed in [12] where the spectrum features are 
extracted from fingerprint images. Lexicographic ordering is 
used to transform the 2D fingerprint image into 1D by scanning 
and dividing the image into square blocks. Finally the features 
are verified using support vector machine (SVM).  

III. FINGERPRINT FEATURES  
Fingerprints mainly exhibit local level and global level 

features. The local level analysis of fingerprint provides 
information about individuals through the locations of ridge-
discontinuities, known as minutiae points [13]. Termination 
point and bifurcation point are most common types of minutiae 
points. Termination points are formed when a ridge ends 
abruptly and bifurcation points are created when a ridge line 
forks into Y-shaped junction. Contrary to local level analysis, 
global level analysis of fingerprints extract singular regions 
like loop, delta, whorl which were formed as a result of various 
types of pattern configuration of ridges and valleys. Fig. 1 
shows the common fingerprint features. 

      
    

  Fig. 1. Features of Fingerprint image 

                   
                 (a)         (b) 

    Fig. 2. (a)Fingerprint image depicting minutiae features and   
    core points (b) only minutiae features and core point 

IV. PROPOSED MODEL  
The proposed line-profile based fingerprint matching 

system has four steps as shown in Fig. 3.  

A.  Input fingerprint image 
Input gray fingerprint image is scanned by computer. 

Resolution of the input image is 500 dpi and size is 320 x 480 
pixels.  

B. Pre-processing: Image enhancement  
1) De-noising by Median filter and binarization: 

For image enhancement, at first Median filter was used 
inspired from the fingerprint image de-noising filter results of 
[14]. Next, for converting the Median filtered image, an 
adaptive thresholding was used for converting the grayscale 
image into binary. In this binarization, each image pixel is 
assigned new value (0 or 1) according to the mean intensity of 
a local neighbourhood (13 X 13) [15]. 

Input  fingerprint image 

Pre-processing: Image enhancement by 
normalization 

Line profile based method 

Line profile creation 

Registration point 
detection 

 

Line profile generation 
 

 
Line profile matching 

 

 

 

Output: Top  fingerprint matches 
 

Fig. 3. Steps of the proposed line profile based fingerprint            
matching model  

Ridge 
Valley 

 Bifurcation point 

Termination point 

Core point 
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For limited enhancement result by the median filter and 
binarization based technique, we finally applied normalization; 
a direct gray scale enhancement method as gray scale based 
techniques performs better than techniques which have 
binarization and thinning at earlier steps [15].  

2) Image Normalization: 
Normalization or contrast stretching changes the range of 

pixel intensity values. It reduces the difference in gray level 
values along the ridges and valleys without affecting the 
original structure. The Equation of linear normalization of a                                                                         
grayscale image is as followed [16]    
   

      IN= (I – Min) + newMin                                             (1) 

where,       

I = old / original image  

IN= new image  

(Min,Max) = range of intensity values in original image.  

(newMin, newMax) = range of intensity values in new  
 image. 

C. Line profile based methodology 
1) Line profile Creation: 

a) Registration point detection 
For global ridge structure and fingerprint alignment, core 

point based systems are not sufficient. If core point exists, it is 
detected as registration point but for fingerprints having no 
core points, delta is the registration point. If neither core nor 
delta is found, a point with high curvature regions or Low 
Coherence strength is detected as the registration point [17]. 

For double core point fingerprint images, core point having 
the maximum distance from boundary is selected as the 
reference point. While matching both core points are 
considered initially and only one is selected based on the 
matching score progress.  

b) Line profile generation 
Taking the detected registration point as reference or 

centre, line profile is created for storing and matching purpose. 

Length 3.6285 mm to 4.5357 mm of line profile is decided, as 
registration points usually are placed at min 1.81425 mm to 
2.26785 mm distance from the fingerprint image boundary as 
per our observation.  Again distances among ridge intersection 
points which are far from registration points might vary for 
different fingerprints of same finger. For this we focused only 
the registration point area as ROI (Region Of Interest) and 
ignored far points. 15 degree difference in orientation is 
selected after observing intersection point count changing 
trend at all 360 degree orientations. Fig. 4 shows a line profile 
placed on reference point at starting position (0 degree angle). 
For this 1st angle, values are shown in TABLE 1. 
 
 
 

TABLE 1: LINE PROFILE VALUES AT 1ST ORIENTATION ANGLE 

 

2) Line Profile Matching Pseudo Code:  

For cost optimization, complete line profile of the test 
fingerprint image is not created beforehand for matching like 
other traditional fingerprint matching systems. Pseudo code for 
matching fingerprint of the proposed novel system is given 
below. 

 

Fig. 4. Line profile is placed on reference point at starting position (0 degree 
angle)  

 
 

 

Orientation 
(clock-wise) 

angle (Degree) 

1st 2nd 3rd   22nd 23rd 

0 15 30 … 330 345 

Total number of 
intersection 

points 
N1=27 N2 N3 … N22 N23 

Sequence of 
distances  

among 
intersection 

points 
(nanometre) 

2001314.35, 3023870.02, 2112100.63, 2773189.1, 
2345468.29, 3123333.33, 1000581.37, 
4430032.58, 1564537.03, 2564430.01, 
8100002.14, 2423974.5, 557823, 1227610.84, 
3789345.65, 11000051.3, 3435972.6, 1900034.10, 
2053509.30, 2971540.59, 2212134.54, 1767781.3, 
3519842.30, 931304.87, 3000018.90, 1245789.13, 
3000231.53  

 
* reference point is included in intersection point count  
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Line Profile Matching Pseudo Code: 

Consider the registration point as centre.  
initialization:  
starting_angle= 0; 
orientation_angle_increment_degree= 1; 
// sequence of the total number of intersection points //at 
different orientation angel. 
matching_sequence_length =0;   
iteration_limit=15 
for ( count = starting_angle: clock-
wise_orientation_angle_increment_degree: starting_angle 
+ iteration_limit) 
{ 
    calculate matching_sequence_length; 
     if (matching_sequence_length ==2) 
    { 
    set  orientation_angle_increment_degree=15  
    set iteration_limit=345 
    } 
} 
return matching_sequence_length; 

D.  Output: Top fingerprint matches  
For faster and optimized search, an initial database search 

condition is applied.  While matching, if core is detected as the 
registration point of the test image, then the proposed method 
only search for matching fingerprints in those images which 
have core as their registration points. Same search condition is 
applied for other cases (delta and other registration point). 
Along with line profile structure of any fingerprint, this 
registration point information is also stored in the database like 
other associated personal information.  

The proposed system not only detects the best matched 
fingerprint but also outputs the top M( M is the number of top 
matching results user wants to see) matching results. This 
feature is important for suspecting criminals in security 
systems. As an example, for M=3, output result format is 
shown in TABLE II.   

 For attendance or access based system M is to be set at 
value 1. A matching threshold value can be set as well for 
result acceptance or rejection.  As example, for cases like 
below where total number of matching finger print found >1, 
3rd field or property of  the line profile ,’Sequence of distances  
among  intersection points’ is then considered and  matched for 
obtaining a single output result. Example is shown in TABLE 
III. 

TABLE II. OUTPUT EXAMPLE FOR M=3 

       
M 

Similarity or Matching score (%)  Total no of matching finger 
print found 

1 99.93 1 
2 90.01 1 
3 87 2 

TABLE III.  OUTPUT EXAMPLE FOR M=1 

M Similarity or Matching score 
(%)  

Total no of matching finger 
print found 

1 95 2 

V. EXPERIMENTAL RESULT 

A. Experimental environment 
Fingerprints used to evaluate the performance of the 

proposed method are selected carefully.  50 fingerprints are 
collected from NIST-4 database [18]. From each of the five 
classes (whorl, right loop, left loop, arch and tented arch) 10 
images are collected from the NIST-4 database.  Another 10 
images are real scanned image with the same resolution (512X 
512). These 10 images are different fingerprints of same 2 
fingers. So, a total of 60 fingerprints are used to evaluate the 
proposed method.   

     This new method is implemented and tested in MATLAB 
R2014a environment by using a computer of Intel Core i5, 2.6 
GHz with 4 GB RAM in Windows 8 platform. 

While evaluating, for fingerprint matching 3 is used as the 
value of M (number of top match result).  And for fingerprint 
detection, with M=1, threshold for matching acceptance is set 
to 91.03% for both fields (Total number of intersection points 
and Sequence of distances among intersection points) 

B. Performance evaluation: 
Results obtained in above configuration and settings are  

     given in TABLE IV and in Fig 5. Fig. 5 shows the 
accuracy for different fingerprint types. According to the 
experimental result with experimental data, the overall 
accuracy of the proposed system is 97.04%.  

TABLE IV: ACCURACY FOR DIFFERENT FINGERPRINT IMAGE 

Sl Fingerprint Type Accuracy (%) 
1 whorl 99 
2 right loop 96.05 
3 left loop 95.09 
4 arch 96.03 
5 tented arch 96.09 
6 fingerprint of same finger 100 
 Average 97.04 

 

 

Fig. 5. Graph of different type of fingerprint accuracy 
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VI. CONCLUSION  
A novel approach for fingerprint matching is proposed in 

this paper focusing on ridge patterns of fingerprint image. Our 
approach is reliable compared to traditional minutiae point 
based system as most of the hacking threats are also focused on 
minutiae points. The new method of this paper can be used as a 
matching validation technique with the existing fingerprint 
matching approaches for improving accuracy. In future 
machine learning can be applied in this method to enhance the 
overall performance.  
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Abstract— Each year a large number of students apply for 

graduate studies into well-known universities all around the 

world. Students trying to pursue higher study in a better 

institution strengthen their academic profile by obtaining better 

CGPA, high scores in standardized tests like GRE, TOEFL, 

IELTS, noteworthy publication records. Some of the applicants 

become successful by getting admission in desired university with 

financial support. Discovering knowledge from those successful 

applicants’ entire academic profile by utilizing it for appropriate 

mining algorithm will be beneficial to the prospective graduate 

applicants. In this paper, we present a technique to discover 

knowledge from successful graduate applicant’s entire academic 

records who got opportunity to study abroad with funding. We 

have preprocessed the dataset rigorously after gathering all 

relevant information from successful applicants. For Association 

rule mining, we have mentioned a technique to discretize the 

records of CGPA, Standardized test scores, research and job 

experience etc. Then we have applied Predictive Apriori 

Association rule algorithm and categorized interested association 

rules based on the predictive accuracy which are obtained from 

the dataset. Finally we extract knowledge which is very useful for 

the students who want to apply for graduate studies into suitable 

universities considering their entire academic profile.   

Keywords— Data Mining; Knowledge Discovery; Association 

Rule Mining; Predictive Apriori Algorithm; Higher Study Abroad.  

I.  INTRODUCTION  

After completing undergraduate studies, many students 
want to pursue graduate study in a better institution outside 
their homeland. Those students try to build up their academic 
profile to make them competitive and successful candidates for 
graduate studies in their preferable academic institutions. 
Along with the undergraduate CGPA, standardized test scores 
such as GRE (Graduate Record Examination), TOEFL (Test of 
English as a Foreign Language), IELTS(International English 
Language Testing System) as well as research and job 
experience play significant role to make an applicant 
competent for graduate studies with financial support in a 
renowned university. Before applying to renowned graduate 
schools an applicant should be aware of the facts such as,       
which category of students get admission with funding? What 

are the factors of applicants‟ academic profile really influences 
admission with funding? How current applicants should match 
their profile with previous successful applicants‟ profile in 
context of getting admission into a specific graduate 
university? Concepts and techniques of data mining [1, 2] are 
very much useful to discover such types of hidden knowledge 
from successful applicants‟ academic profile. From 
Bangladesh, each year noteworthy amount of students try to 
apply for graduate studies in renowned universities in USA, 
Australia, Canada, Japan, Germany, Singapore, Malaysia etc. 
Some of them get admission with full funding. A non-profit 
organization collects those students‟ entire academic data [3] 
for betterment of prospective graduate applicants of 
Bangladesh. Discovering knowledge from successful 
applicant‟s academic records using appropriate data mining 
and machine learning algorithm [4] will be crucial for 
forthcoming graduate applicants which is the main objective of 
this research study.  

In this paper, we have developed a technique to discover 
knowledge using Predictive Association Rule Mining from 
academic profile of students who have already got admission 
into their desired academic institution with funding. Here, we 
have preprocessed the dataset extensively after gathering all 
relevant information from successful applicants. For 
Association rule mining, we have manipulated a technique to 
discretize the records of applicant‟s CGPA, Standardized test 
scores, research and job experience. After applying Predictive 
Apriori Association rule mining algorithm, we have 
categorized interested association rules based on the predictive 
accuracy which is a metric combining support and confidence. 
Finally we extract knowledge from those significant rules 
which may be very useful for the students who have profound 
desire to get graduate admission into a renowned institution 
with best possible financial support. 

II.  BACKGROUND AND MOTIVATION 

Pursuing graduate study in a renowned university in a 
renowned country is a cherished dream of many students. 
Those students prepare themselves from the very beginning of 
their undergraduate career. Getting inspired from elder ones 
and gathering knowledge from various sources, students build 
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up their academic profile since undergraduate studies. After 
completing undergraduate studies, students try to obtain better 
scores in standardized test scores such as in GRE, TOEFL, 
IELTS etc. Along with these, students try to enrich publication 
records and gathering research and job experience. But the 
most crucial step is to apply to appropriate graduate studies 
after selecting appropriate institutions matching applicants‟ 
entire academic profile. For this, appropriate knowledge is 
required which can be obtained from successful applicants of 
previous sessions who build up their academic profile and 
eventually get admission into desired academic institution. 
Here, only statistical analysis and personal observation may not 
be sufficient in this regard because of the nature of the data. 
That is why we are motivated to do research and apply data 
mining techniques to discover knowledge regarding academic 
profile of students pursuing higher study abroad with a view to 
assisting prospective future graduate applicants to apply for 
graduate studies in appropriate graduate universities.      

III. RELATED WORK  

Educational data mining (EDM) has been deployed to 
explore data originating in an educational context. There is a 
survey [5] which illustrates the most relevant studies carried 
out in this field. Mining educational data to analyze students‟ 
performance from the extracted knowledge has been presented 
in recent studies [6, 7, 8]. Besides these, there is also a book 
chapter [9] where educational data mining methods, it‟s 
ongoing trends and it‟s linkage with learning analytics 
community are presented. A latest survey [10] of educational 
data mining based on analysis of recent works can be 
visualized as well. Mining significant association rules from 
educational data using critical relative support approach has 
been proposed recently in a study [11]. There is a significant 
research study [12] which describes the measure of 
interestingness for association rules in educational data. Mining 
techniques of rare rules are demonstrated in a research [13] 
clearly. Although there is a study showing the drawbacks and 
solutions of applying Association Rule Mining in learning 
management systems [14],  the mined association rules reveal 
various factors like student's interest, curriculum design; 
teaching and learning outcomes has been successfully 
illustrated in significant research studies [15,16].  

A technique of preprocessing academic data before Mining 
Association Rule [17] with synthetic dataset has been proposed 
recently for checking the suitability of the system with the real 
institutional dataset. A significant survey [19] on Association 
Rule Mining algorithm has been proposed where it is shown 
that the quality of small rule sets generated by Apriori can be 
improved by Predictive Apriori algorithm applied on UCI 
Repository of machine learning datasets. Another important 
study [20] has compared the performance of Apriori and 
Predictive Apriori based on the interesting measures using 
Weka. A recent study [21] has done noteworthy comparison 
between Apriori and Predictive Apriori algorithm in which 
Predictive Apriori has been found better and faster than Apriori 
algorithm in mining association rules from a dataset containing 
crimes data concerning women taken from UCI repository. 
Knowledge discovery regarding educational dataset of a 
university using Association Rule mining has been presented in 
our recent study [18] where Apriori algorithm is applied to 

extract knowledge of students‟ personal statistics, academic 
performance as well as impact of courses and curriculum. 
However, Predictive Apriori performs better than Apriori and 
higher study abroad dataset requires different algorithms for 
preprocessing. Thus, we are encouraged to improve the 
technique and discover hidden knowledge regarding academic 
profile of students pursuing higher study abroad using 
Predictive Apriori Association Rule Mining algorithm. 

IV. METHODOLOGIES 

A. Data Analysis 

     Several personal and academic information of a particular 
student is stored in the universal table created from the 
information found in the successful applicant‟s records [3].  
Those are collected for data preprocessing and data analysis. 

 TABLE I.   SELECTED DATA FROM UNIVERSAL DATABASE 

 The personal and academic data as well as Standardized 
test scores data stated in the above Table I are considered. As 
we have experimented with the successful applicants‟ data who 
pursue higher study abroad, we have analyzed all records of 
them such as, Outgoing University, Outgoing Country, 
Intended Semester, Admission In (M.Sc. or PhD). We have 
considered these graduate admission records stated in the 
above Table II for knowledge discovery regarding academic 
profile of successful graduate applicants.  

TABLE II.   SELECTED GRADUATE ADMISSION RECORDS FROM UNIVERSAL 

DATABASE 

 

B. Preprocessing for Mining Higher Study Abroad Database  

     First of all, all-inclusive customized universal database is 
created in which records of all successful applicants from Table 
I and Table II are utilized. In this universal table redundant 
records and incomplete or null value records are omitted from 
the existing database for the suitability of applying mining 
algorithm. So, records such as name and other personal 
information have been omitted in the customized universal 
table shown in Table III. But this dataset is yet not ready for 

 

 

Academic Data 

 

 

Undergrad Department 

Undergrad University 

Undergraduate CGPA 

Research Area 

Research  Experience 

Job Experience 

Publication Records 

 

Standardized Test 

Score Data 

GRE (Verbal, Quantitative, Analytical 

Writing, Total Score) 

TOEFL/ IELTS  (Reading, Listening, 

Speaking, Writing, Total Score)  

Personal Data Gender 

 

Graduate 

Admission Records  

 

Outgoing University 

Outgoing Country 

Outgoing State in Country 

Intended Semester 

Admission In (M.Sc. or PhD). 

Funding 

Application Step 
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applying association rule mining algorithm. For this we have to 
discretize the continuous attributes such as CGPA, test scores 
etc. 

TABLE III.   A SMALL PORTION OF CUSTOMIZED UNIVERSAL DATABASE 

 

 The customized universal database of Table III has been 
transformed into an equivalent transformation table by 
transforming the continuous valued attribute as discrete valued 
attribute representing some knowledge for the suitability of 
implementing Predictive Apriori algorithm of Association Rule 
Mining. As for example, CGPA, GRE, TOEFL, IELTS score 
are continuous attributes and it has been transformed into five 
classifications as Very High, High, Medium, Low and Very 
Low for better analysis. One algorithm has been used for 
discretizing all continuous scores of GRE, TOEFL and IELTS. 
Another algorithm has been used for transforming 
undergraduate CGPA into those five classifications. For 
transforming the CGPA of latest academic level, Algorithm 1 
has been developed to populate the transformed table in such a 
way that there is no continuous CGPA value in an entry. 

 

 Similarly the scores of all standardized test scores in 
customized universal table are also transformed by an 
algorithm named as „Test Score Discretization‟ in Algorithm 2. 
As the real data set contains test scores of GRE, TOEFL, 
IELTS with various range we have considered another variable 
discretization format table and transformed the continuous 
value of various test scores to these five classified definitions. 

 To construct the entire transformed table as given in Table 
VII, we have used the customized universal table and stated 
discretized format of Table IV, Table V and Table VI.  

TABLE VII.   TRANSFORMED TABLE FROM CUSTOMIZED UNIVERSAL TABLE 

 

 

 

 

 

 

 

 

 

 

 As there are standardized test scores of GRE, TOEFL and 
IELTS with different range of scores, it requires different 
discretization format tables for all these different types of 
scores based on real dataset. For example, Discretization 
format table for GRE scores (in Table IV), for TOEFL (in 
Table V), and for IELTS (in Table VI) are illustrated below. 

TABLE IV.   DISCRETIZATION FORMAT TABLE FOR GRE SCORES 

 
 
         TABLE V.   DISCRETIZATION FORMAT TABLE FOR TOEFL SCORES 

 
TABLE VI.   DISCRETIZATION FORMAT TABLE FOR IELTS SCORES 

 
 

We have considered Job and research experience in terms of 

years and publication records as five classified values (0: 

VeryLow, 0-2:Low, 3-4:Medium, 5-6:High; >6:very High)  

based on  numeric value given in the real dataset of academic 

profile of successful graduate applicants. All other attributes in 

the customized universal are discrete and suitable for 

Association Rule mining.   
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Male USA UC 

Berkley 

EEE Signal 

Processing 
330 115 10 TA 

Fe-

male 
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CSE 

 

Data     

Mining 

 

315 
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RA 
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Algoithm 1: CGPA_Discretization( ) 

Input:  all acquired CGPA of a student in undergraduate level of study in the 

universal table 

Output:  transformed_ CGPA for the Transformation Table 

for  i=1 to | Studentlist | 

     if ( CGPA>= 3.75 && CGPA<=4.00)  

         transformed_CGPA= „VeryHigh‟ 

     else if ( CGPA>= 3.50 && CGPA<3.75) 

         transformed_CGPA = „High‟ 

     else if ( CGPA>= 3.25 && CGPA<3.50) 

         transformed_CGPA = „Medium‟ 

     else if ( CGPA>= 3.00 && CGPA<3.25) 

         transformed_CGPA = „Low‟ 

     else if ( CGPA<3.00) 

         transformed_CGPA = „VeryLow‟ 

end for 

Gender Outgoing 

Country 

Outgoing 

University 

Department ResearchArea CGPA GRE_Score TOEFL/ 

IELTS_Score 

Funding  

      …… Male USA UC Berkley EEE Signal Processing VeryHigh VeryHigh VeryHigh FullWaiver_TA 

Female USA UIUC CSE Data Mining Medium High Medium PartialWaiver_RA 

…. …. …. …. …. …. …. …. …. 

Algoithm 2: TestScore_Discretization( ) 

Input:  scores of GRE(verbal, quant, awa), TOEFL, IELTS 

(reading,listening,speaking,writing)  from Universal Table of Studentlist 

Output:  discrete level of scores for the Transformation Table 

for  i=1 to | Studentlist | 

       if (score>=90%) 

           level = “VeryHigh” 

       else if (score>=80% && score<90%) 

          level = “High” 

        else if (score>=65% && score<80%) 

         level = “Medium” 

      else if(score>=50% && marks<65%) 

        level = “low” 

      else if(score<50%)   

        level = “VeryLow” 

end for 

Classified 

Name 

Range of Scores (S) 

Verbal Quant AWA Total 

VeryHigh 165≤S<170 165≤S<170 4.5<S≤6.0 320≤S≤340 

High 160≤S<165 160≤S<165 3.5<S≤4.5 310≤S<320 

Medium 150≤S<160 150≤S<160 3≤S≤3.5 300≤S<310 

VeryLow 140≤S<150 140≤S<150 2≤S≤2.5 290≤S<300 

Low 130≤S<140 130≤S<140 S<2 260≤S<290 

Classified 

Name 

Range of Scores (S) 

Reading/Listening/Speaking/Writing Total 

VeryHigh 27≤ S ≤30 108≤S≤120 

High 24≤ S < 27 95≤S<108 

Medium 18 ≤ S < 24    80≤S<95 

VeryLow 10 ≤ S < 18    60≤S<80 

Low S <10 S<60 

Classified 

Name 

Range of Scores (S) 

Reading/Listening/Speaking/Writing Total 

VeryHigh S > 7.5 S > 7.5 

High 7.0 ≤ S ≤ 7.5 7.0 ≤ S ≤ 7.5 

Medium 6.0 ≤ S ≤ 6.5 6.0 ≤ S ≤ 6.5 

VeryLow 5 ≤ S ≤  5.5 5 ≤ S ≤  5.5 

Low S <5 S <5 
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V.   EXPERIMENTAL PLATFORM 

     In this experiment, data up to the last three years including 

different sessions such as „Fall‟, „Spring‟ are considered. 

There are more than a thousand records of successful 

applicants who are now pursuing higher study abroad with 

financial support. We have categorized relevant academic and 

standardized test records as well as job and research 

experience and built into a customized universal table 

structure of about four hundreds successful applicants ignoring 

missing values as well as null values. Finally we transformed 

it into a transformed table structure which contains only 

discretized attributes for applying Predictive Apriori 

Association Rule mining algorithm.  

 
     After preprocessing step, a customized transformed table of 
about 392 students of different universities of Bangladesh has 
been obtained who have already got opportunity to study MSc 
or PhD in the renowned universities abroad. We have 
manipulated the transformation table containing all continuous 
data like CGPA, test scores and transformed into five discrete 
values. Then, we have used Weka Explorer [22], a popular 
suite of machine learning software written in Java. We have 
applied Predictive Apriori algorithm to the customized 
transformation table with predefined minimum support and 
confidence using Weka to generate interesting Association 
Rules. Choosing predictive accuracy precisely and selecting 
important association rules from huge number of generated 
rules are very important in this regard. 

VI.  EXPERIMENTAL RESULTS AND ANALYSIS 

A. Influence of Gender 

 The influence of gender has been found in the overall 
academic profile of successful applicants. We have selected 
just few rules related to gender of successful applicants with 
higher predictive accuracy. There are multiple factors that 
affect admission with funding and academic records. The result 
of Fig. 1 points out that the male students have very high 
predictive accuracy of getting funding as RA with 1 year 
research experience. Another rule indicates that getting PhD 
admission with full funding as TA among female students is 
better than the male students. 
 

 

Fig. 1. Influence of Gender 
 

B. Influence of Undergraduate Department & University 
 In Fig. 2, there are several interesting association rules with 
high predictive accuracy.  Rule no. 1 indicates that if admission 
opportunity is obtained by a Civil Engineer, then he usually 
achieve funding in previous years. Again another implies that if 
a BUET graduate tries to apply for PhD with funding, he or she 
should apply to a university after contacting with professor.  

 

Fig. 2. Influence of Undergraduate University & Department 

C. Influence of Research Area 

 The analyzed Association Rules show that research area 
influences funding as RA. In rule number 6, we find that if 
anyone has research interest with Data Mining he or she may 
get funding with RA as the rule has higher predictive accuracy 
than research area of bioinformatics. Again according to rule 
no. 3, if anyone does not have fixed research interest, he or she 
should focus on getting high GRE scores for funding 
opportunity according to the rule stated in Fig. 3. 

 

 

Fig. 3. Influence of Research Area 
 
D. Influence of Undergraduate CGPA 

We have selected few interesting association rules based on 
higher predictive accuracy presented in the Fig. 4. For example 
a rule indicates that if any student has very high CGPA and 
high GRE Score, he or she should contact professor before 
applying to a university. Again another significant rule 
indicates that the number of male students with undergrad 
CGPA high is relatively large in the last three years dataset of 
successful applicants. 

0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98

AdmissionIn(Degree)=PhD;Funding=FullTuitionWaiv

er_TA==> Gender=F

Funding=Full Tuition Waiver_RA ;Research

Experience=1Year ==> Gender=M

.UndergradUniversity=BUET;ApplicationStep=

Professor_then_Varsity ==> Gender=M

Funding=Full Tuition Waiver_TA

GREScore=Medium==> Gender=M

Funding=Full Tuition Waiver_TA Undergrad

University=University of Dhaka  ==> Gender=M

UndergradCGPA=Medium GREScore=High  ==>

Gender=M

AdmissionIn(Degree)=PhD

TOEFL/IELTSScore=Medium ==> Gender=M

Undergrad University=BUET  ==> Gender=M

Gender=M Undergrad University=University of Dhaka

PublicationNo=Low==> AdmissionIn(Degree)=PhD

S…Predictive 

0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98

UndergradDepartment=Civil Engineering  ==>

Gender=M

UndergradUniversity=BUET;ApplicationStep=

Professor_then_Varsity ==> Gender=M

. Undergrad University=BUET GREScore=High ==>

Gender=M

AdmissionIn(Degree)=PhD Undergrad

University=BUET PublicationNo=High==>…

Funding=Full Tuition Waiver_TA Undergrad

University=University of Dhaka  ==> Gender=M

. Undergrad University=BUET

UndergradDepartment=Computer Science and…

Undergrad University=BUET PublicationNo=Low

Research Experience=1Year  ==>…

Gender=M Department=Computer Science

AdmissionIn(Degree)=PhD…

S…Predictive 

0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94

ResearchArea=Data Mining  ==>  Funding=Full Tuition

Waiver_RA

ResearchArea=Not yet Fixed UndergradCGPA=High

==>  Funding=Full Tuition Waiver_TA

ResearchArea=Bioinformatics  ==>  Funding=Full

Tuition Waiver_RA

ResearchArea=Not yet Fixed; PublicationNo=Medium

==> GREScore=High

JobExperience=Null ApplicationStep=Direct Appy==>

ResearchArea=Not yet Fixed

AdmissionIn(Degree)=PhD GREScore=Medium

TOEFL/IELTSScore=VeryHigh ==> ResearchArea=Not

yet Fixed.

S…Predictive Accuracy 

2016 International Workshop on Computational Intelligence (IWCI)
12-13 December 2016, Dhaka, Bangladesh

131 



 
 

Fig. 4. Influence of Undergraduate CGPA 
 

E. Influence of GRE Score 

The students who get medium range of GRE scores 

generally gets high score in quant but low in verbal. By 

analyzing the rules illustrated in the Fig. 5, we have observed 

such kind of fact. It is discovered that with a higher predictive 

accuracy that students with high GRE scores should direct 

apply to university and funding opportunity will be relatively 

higher in this kind of cases. Again, if a student applies for PhD 

and gets full funding as RA; he or she usually gets very high 

GRE score as a significant rule of below figure indicates. 

 
 

 

Fig. 5. Influence of GRE Score 

 

F. Influence of TOEFL/IELTS Score 

Several significant rules can be selected to indicate the 

influence of TOEFL/IELTS score based on higher predictive 

accuracy. One rule in the Fig. 6 indicates that if a student with 

low CGPA gets funding then his or her TOEFL score is very 

high. Again, another significant rule indicates that if a student 

with low CGPA directly applies to a university abroad, he or 

she gets full funding because of high TOEFL/IELTS speaking 

scores. Another important rule indicates that if a very low 

CGPA holder applies after getting high speaking and listening 

score in TOEFL/IELTS; he or she gets admission in PhD with 

funding.  

 

Fig. 6. Influence of TOEFL/IELTS Score 

 

G. Influence of Research Experience & Publication Record 

After analyzing the generated Association Rules (in Fig. 7) 

we observed various impacts of research experience and 

publication records of a successful applicant. According to the 

fifth rule if an applicant has research experience more than 2 

to 4 years and applies for PhD admission, the probability of 

getting full tuition waiver with RA is much higher. Again 

another rule implies that, if an applicant has very high 

publication records and he or she applies after contacting with 

professor, he or she usually gets PhD admission with funding.     

 

Fig. 7. Influence of Research Experience & Publication 

Record 

 

H. Influence of Job Experience 

From the generated association rules based on predictive 

accuracy we have analyzed influence of job experience of the 

applicant and stated few significant rules in Fig. 8. For 

example, according to the last rule in the Fig. 8, if an applicant 

has job experience of more than 4 years and contacts with 

professor before applying; he or she may probably get 

admission in PhD program. Again, second rule implies that if 

a fresher applies for PhD program with no job experience and 

he or she directly applies to university without contacting with 

any professor, the probability of getting full tuition waiver 

with RA is higher according to the generated predictive 

accuracy 0.90342.    
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Fig. 8. Influence of Job Experience 

 

VII. CONCLUSIONS 

Discovering knowledge from entire academic profile of 

successful graduate applicants and applying it properly for 

providing or achieving guidelines will be very much beneficial 

for the prospective graduate applicants. Here, we have 

considered the data of three years which are voluntarily given 

by the successful applicants, but there many other students 

who get admission with funding yet to record in the list. We 

can apply the same technique to extract knowledge from all 

the students pursuing higher study abroad in last decade. 

Again, we have considered the students of Bangladesh going 

abroad for graduate studies. We can modify the technique so 

that it can be applicable to the analysis of applicants of other 

countries like Indonesia, Malaysia, China etc. In this research, 

we have preprocessed the dataset efficiently after gathering all 

relevant information from successful applicants before 

applying the data mining algorithm. For Association rule 

mining, we have manipulated a technique to discretize the 

records of applicant‟s continuous attributes like CGPA, 

Standardized test scores of GRE, TOEFL and IELTS, research 

and job experience etc. Then we have applied Predictive 

Apriori Association rule mining algorithm to generate 

association rules. We have categorized interested association 

rules based on higher predictive accuracy. Finally we extract 

knowledge from those significant rules which may be very 

helpful for the students who have profound desire to obtain 

graduate admission into a renowned institution abroad with 

financial support. 
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Abstract—Two-stage clustering based approaches has been
used for sequence classification. However, certain parameters of
these process are either hand picked or found through exhaustive
searches. In this paper we propose a simple regression based
approach, derived from parameter values found in a previous
study, which generalizes the method to find values of three
different parameters through proposed equations. We tested the
applicability of our method on eight UCR sequence datasets and
found our method to be comparable with hand picked approaches
and better than single clustering based approaches.

Keywords - sliding window size; cluster number; time-
series data; kmeans++

I. INTRODUCTION

Identification and retrieval of appropriate features from
time-series data is a challenging [1], and at the same time
a rewarding task. These classes of data typically inherent
sequence-based partitions, which are not always known apri-
ori. Clustering-based techniques have been successfully ap-
plied to this problem domain, mainly due to the structure-
discovery mechanism built into such grouping techniques [2].

The approach and results of [3] forms the basis of this study,
where a two stage clustering approach is successfully applied
in a classification task on some parts of the popular UCR time
series data set [4]. Their approach mainly consists of four steps
with three manually chosen parameters.

At the first step, the method divides the data into subse-
quences of a manually selected length sl. There exists several
techniques to divide the subsequences [5]. These subsequences
are then clustered into k1 clusters and each cluster center is
used as a bin center to create a Bag-of-Words (BoW) feature
vector from the subsequences. These BoW feature vectors are
then further grouped into k2 clusters. A classification scheme,
which is further detailed in section IV, is used to utilize these
k2 clusters to predict the class of time-series data.

In [3], the values of sl, k1 and k2 are all selected through
some non-specified methods. It appears that the values re-
ported, the ones which found to give the best performance
on each individual data set. This, however, is not an approach
that can be repeated under practical constraints.

This paper reports on the finding of some initial work on
prediction of the parameter values from information known a

priori. Particularly the contribution of this work is a natural
extension of [3], where the parameter values found to be useful
are used to fit linear models where the dependent variables are
the parameters and the independent variables are the number
of classes and sequence length.

The results indicate that the proposed models, though ex-
tracted from only three data points, are effective and can match
the performance of the exhaustively found parameter values
and consistently outperforms the single clustering approach.

The rest of the paper is organized as follows. The following
section describes the method and evaluation strategy of [3] in
details. Section III describes the method used to derive the
proposed linear models and how they have used in experi-
ments. In section IV the results are described and compared
with the results obtained in [3]. The paper is concluded with
the future works in section VI.

II. EXISTING METHODS

Time series data is sequential data, where the ordering is
temporal. There are several popular data sets, which have been
widely used in research projects. The UCR time-series is a
collection of multiple data sets [6]. It has been used as a
benchmark collection of data in multiple studies. This study
reports results using 8 data sets from the UCR time-series
collection, the details of which can be found in Table I.

In [3], the time-series data is divided into some sub-
sequences. The set of the subsequences is S = {Snl|n =
1...., X, l = 1, ....., N}, where X is the number of time-
series data, n is the number of sequences, l is the length of
subsequeces and N is the number of length.

Each sequence is encoded as a vector and aggregated into a
data matrix which is then used in the first of clustering stage.
The used clustering algorithm is Kmeans++ [7]. The study
reported in [3] uses brute-force technique to determine the
number of clusters rather than any particular methodology.

As it is possible for the original sequences to be of variable
length, a fixed-length encoding scheme is necessary for feature
comparison. The cluster centers obtained from the first clus-
tering stage are treated as ’words’ in a Bag-of-Words (BoW)
encoding scheme. Briefly, each subsequence is mapped to one
of the cluster centers by finding the cluster center that is closest
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to the subsequence vector in terms of cosine length. For cluster
center, the number of subsequences mapped to it is counted,
from which it is possible to calculate a frequency histogram,
which is the BoW vector.

In [3], numeric vector N is created, such that V n =
{x1, x2, x3, .....xk} where n = 1, 2, 3, ..., N. After the creation
of the vector, the numeric value is used for the second cluster.
In the second cluster kmeans++ algorithm is used once again
[3]. The numeric vector is used for the clustering, where the
cluster number is determined randomly for different datasets.
In [3], clear and generalized formulas for determining the first
and second cluster numbers are absent. Moreover, discussion
on the sliding window size is also not presented.

However, the classification performance and the generated
cluster quality are checked in [3]. In [3], two methods named
as the Pseudo F measure [8] and the Davies-Bouldin (DB)
index [9] is compared for measuring the performance. Authors
in [3] presented that the high Pseudo F measure indicated
the good quality for the clustering, where as the DB index
indicated high quality for low measures. Thus the method in
[3] performs better than the comparative methods of DB index
for three datasets, namely Synthetic, Beef and OliveOil.

In the systems of two-stage clustering process for time-
series data, four datasets called Beef, Synthetic, Coffee and
OliveOil are used. In [3], kmean++ algorithm is used for two
stage cluster, where cluster number and the sliding window of
sequence length are predetermined. Authors in [3] use random
value for experiments and the best results are explained.
Rational explanation on use the particular cluster number and
sliding window size are not provided in [3]. Thus, All of the
numbers may confuse the users. To avoid the confusion of the
user, some generalized formulas are proposed. Thus, using
these formulas the sliding window size, number of first and
second cluster can be determined.

Two-stage clustering process requires to determine the slid-
ing window size, cluster number etc. The existing systems
determine these things arbitrarily for different database. In
this paper, we propose a new process to determine the sliding
window size, first cluster number and second cluster number
for performing the second stage cluster. In the first clustering
process the featured data of the time-series data are extracted.
Then the featured data is used for the second cluster. Before
executing the second cluster, the result of first cluster is
converted to numerical vector. The numeric vector is used in
the second clustering. Finally, featured data of the time-series
data are obtained through the second clustering procedure. The
paper also compares the result with the existing methods [3].

A. Splitting up The Time-Series Data
Tomoharu Nakashima uses arbitrary number for different

database for sliding window, first cluster number and second
cluster number [3]. The series of subsequences are used for
the first clustering described below.

B. Initial Clustering Procedure
In the first clustering procedure the extracted subsequences

are used to find out the features of time-series data. KMeans++

algorithm is used to cluster the extracted subsequences.
KMeans [10] algorithm gives the center of each cluster where
kmeans++ the cluster number to be predefined. In these
methods, to determine the cluster number formula 3 is used in
this paper. Cosine distance [11] of each data from the cluster
center is measured by cosine similarity [12] (equation 2).

Similarity(A,B) =

∑n
i=1 Ai.Bi√∑n

i=1(Ai)2
√∑n

i=1(Bi)2
(1)

Distancecosine = 1− Similarity(A,B). (2)

Cosine gives the similarities between the subsequences. All
values of the subsequences are assumed as positive where the
maximum value of the similarity is 1 and the minimum is 0.
The first cluster result shows the featured data of the time-
series [13] data. These data is converted into numeric values.
kmeans++ Procedure for clustering is given in Algorithm 1 [7].
The conversion procedure is described in the next section.

Algorithm 1 KMeans++ algorithm

1: Choose an initial center randomly from the subsequences.
2: Compute the vector containing the square distances be-

tween all points in the dataset.
3: Choose a second center from subsequences randomly

using the probability distribution
4: Recompute the distance vector until Kf cluster center

determined.
5: Choose a successive center using the average, simple

arithmetic mean of all element of subsequences
6: Recompute the distance vector until convergence.

C. Time-Series Data to Numeric Vector

Time-series data in the database are converted into numeric
vectors. Numeric vector is implemented from the result of first
cluster. This process determines each and every data point of
the cluster and determine the repetition frequentness of the
cluster in introductory time-series data. We convert the time-
series data to numeric vector using the existing method. These
methods are described in [3]. Detailed procedure is presented
in Algorithm 2:

D. Second Clustering

The kmeans++ algorithm is used for the second cluster. The
proposed methods for the second-stage clustering is presented
at the next section.

The overview of [3] is presented in section III.

III. PROPOSED METHOD

A. Data Analysis

[3] reports results of their proposed two stage clustering sys-
tem using different values for the three parameters discussed
above. The method used to determine the parameter values are
not discussed. Assuming the parameter values were chosen to
achieve good classification rates, it is reasonable to attempt to
find a pattern in the values. As [3] reported results on four
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Algorithm 2 Time-series data to numeric vector

1: Let num = 1 and len = 1.
2: Set Vn = (x1,....., xn )
3: if Cnl the subsequences Subnl belongs to by Identifying

its nearest cluster center then
4: return Increase the Cnl-th of Vn by 1.
5: end if
6: if len = S then
7: return num = num + 1 and len = 1
8: else
9: len = len + 1

10: end if
11: if n > N then
12: return terminate the process.
13: else
14: go to step 2.
15: end if

different datasets, for each parameter it is possible to obtain
four values. Although this is a small number, it is sufficient
to fit a straight line through the points.

Figure 2 and Figure 3 shows the number of clusters in
first-stage clustering and second-stage clustering respectively
plotted against the number of classes.

Figure 4 plots the chosen window size(s) vs the sequence
length of the data set.

Each of the figures also shows the best fit straight line. The
main focus of this study revolves around these fitted lines, as
their equations are treated as general method of determining
the values of the three parameters. These equations are shown
in Equations 3, 4, 5

Kf = Round(−17 ∗Nclasses + 130) (3)

Where kf = First Cluster Number and Nclasses = Number of
Classes

Ks = Round(4.34 ∗Nclasses + 1.5) (4)

Where ks = Second Cluster Number and Nclasses = Number
of Classes

Sw = Round(0.5 ∗ Sl + 10) (5)

Where Sw = Sliding Window Size and Sl = Sequence length
of time series data

IV. COMPUTATIONAL EXPERIMENT

In this section the performance of the proposed method
is investigated. Experiments are done on 8 datasets from the
UCR collection. These datasets are available through the UCR
Time-series classification/clustering page [4], [6]. All details
of the datasets, used in this experiment, is given in Table I.

In this experiment two types of comparison is made. The
first comparison is between the existing proposed methods for
the two-stage clustering [3] and the proposed method of the

Fig. 1: System overview of the proposed method

Fig. 2: Number of classes vs number of clusters in first-stage
clustering

paper. And the second comparison is between the proposed
methods and the first clustering process. All the comparison
of the result is discussed in section V.

V. RESULTS AND DISCUSSION

The results obtained using the proposed parameters esti-
mation methods are compared with the results reported in [3].
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Fig. 3: Number of classes vs number of clusters in second-
stage clustering

Fig. 4: Sequence length vs window size

The comparison is presented in Table II, which shows that ther
results obtained in this study are comparable in our accuracy
with those reported in [3]. In some of situation terms of the
proposed method give better classification accuracy [3]. Figure
5 shows a bar-chart for visual comparison of the results.

In Table III, the comparison between the proposed methods
and the single clustering methods for the proposed formula
is given. In most of the cases the proposed methods give the
better result than the single clustering process. In Figure 6 the
overview of the comparison is given.

In Table III the classification performance of eight bench-

TABLE I: THE EIGHT BENCHMARK DATSETS USED IN THE
EXPERIMENT

Datasets classes training seq. test seq. seq. length

Coffee 2 28 28 286
OliveOil 4 30 30 570
synthetic 6 300 3 60
Beef 5 30 30 470
BeetleFly 2 20 20 512
BirdChicken 2 20 20 512
Car 4 60 60 577
Earthquakes 2 139 322 512

TABLE II: COMPARISON PERFORMANCE WITH EXISTING
METHOD [3]

Datasets Comparison Method Proposed Method

Coffee 0.954±0.032 0.964±0.03
OliveOil 0.850±0.043 0.8±0.03
synthetic 0.977±0.007 0.977±0.005
Beef 0.603±0.057 0.47±0.05

Fig. 5: Comparison between the existing method of single
clustering and proposed method

mark datasets are given. The average classification rate is given
here over ten trials along with standard deviation. The existing
system [3] shows the four datasets classification performance.
The results of the experiment is compared with the existing
results in Table II.

VI. CONCLUSION

Two-stage clustering based approach to a time-series data
classification task is proposed in [3]. The process involves
setting/choosing values of three different parameters. The
original study does not report on the method used to choose
the parameters. The contribution of this paper is in proposing
three equations which can be used as a generalized method
of choosing the parameter values based on known data.
Experiments were conducted using the proposed parameter
estimation equations and the classification accuracy obtained
from these experiments were comparable. And most of the
time results produced by proposed method, are better than
those reported by [3]. The comparison was done on the four
datasets used in the previous study. Results were reported on a

TABLE III: CLASSIFICATION PERFORMANCE ON BENCH-
MARK DATASETS WITH SINGLE-STAGE CLUSTERING

Datasets Comparison Method Proposed Method

Coffee 0.535 0.964±0.03
OliveOil 0.167 0.8±0.03
synthetic 0.167 0.977±0.005
Beef 0.2 0.47±0.05
BeetleFly 0.5 0.6±0.001
BirdChicken 0.5 0.9±0.01
Car 0.233 0.33±0.03
Earthquakes 0.82 0.82±0.057
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Fig. 6: Comparison between the existing method of two-stage
clustering and proposed method

further four data sets which demonstrate the proposed method
is consistently superior to single-clustering-based approach.
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Abstract—This paper is intended to provide a cloud-based
digital signature platform with biometric authentication and
establishes an enhanced security solution in the field of cryp-
tography. We proposed a new schema of digital signature where
signature generation and verification is done on the cloud
environment. Like Public Key Infrastructure each user owned a
pair of key private key and public key. A signer has to confirm
his biometric identification (vein pattern) and a one-time key
verification to access the private key for signing a document. This
one-time key (OTK) is only shared between the signer and the
receiver additionally they use it for a single document signing or
verification. Before the verification of a signature or a document,
a receiver also needs to prove his identity using his vein pattern.
To complete the verification process, he/she must provide the
public key of the signer and the shared one-time key to the
system. Thus our system gives a confidential interaction between
the signer and the receiver of the document.

Index Terms—Cryptography; Digital Signature; Finger Vein;
MD5; One-time Password.

I. INTRODUCTION

In todays world e-commerce, e-government, e-business is
omitting their conventional documents into e-document. But
information tempering, signature forgery of alteration has been
increasing remarkably. As a result, from business organization
to the ordinary user who signs a document digitally can be a
victim of digital crime. To assure the security of digital signa-
ture,most widely accepted scheme is Public Key Infrastructure
(PKI) which is relied on two pair of keys: private key and
public key. [8] Although PKI is widely accepted method, it
has some drawbacks . [14] A public key algorithm (e.g. RSA)
is used to produce this pair of keys. [15] Frauds target this
private key of clients or Certificate Authority (CA) to pretend
as a signer and using this key can easily sign the documents.
So the main concern of the PKI based security system is to
protect the keys. Generally, private keys are stored on a device
using a password or PIN which can be guessed easily. Another
approach to protect private keys is to store them on a smart
card which needs to be purchased from a trusted source and
needed to be carried with for signing. If for any reason the
cardholder loses his card then he could end up facing some
unexpected issues. Somehow someone else gets that card and
wishes to use the private key of a signer and signs a message,
then it is impossible to detect that the signer is not the actual
cardholder and he did not sign the message. Furthermore, CA
may use old keys to issue new certificates for the clients [7].

II. LITERATURE REVIEW

Xiaodong Liu, Quan Miao and Daxing Li [1], presented A
New Special Identity Based Signature Scheme where a signer
needs to provide his/her fingerprint in the Key Generation
Center (KGC) during registration. After that finger print is
converted into a public key string and issued a corresponding
private key by the KGC. To claim this private key, it is
mandatory for a signer to confirm his identification using his
fingerprint. During the verification, receiver used the public
key (came from the singer) to reconstruct the fingerprint. After
that the singer is recommended to provide his finger print on
the spot to match with the reconstructed finger print. Although
this system identifies the signer using his biometric, the signer
is forced to the verification process.
Ahmed B. Elmadani [2], proposed a system that generates
unique keys (Ks, Kr) for the singer and the receiver from
their extracted face image to digitally sign a message. Both
unique keys are combined together to encrypt and decrypt
the calculated fingerprint of the document. Singer sends the
fingerprint of the document (which is already encrypted by
combined key, Ksr), the document itself and his Signing Key.
These three parameters are encrypted with the receivers key.
Finally, the receiver uses his/her key to decrypt the received
encrypted message and generates a new fingerprint of the
document to match with the previously received document
fingerprint although the system gives an error rate 1.65.
Hitachi, Ltd [3], Developed a secure digital signature tech-
nology where finger vein is used as a secret key instead of
using a smart card or a password for user authentication. The
scheme is strong as the Water Signature claimed by Hitachi
Ltd.
Sambangi Eswara Rao and S. Ravi Kumar [4], used iris as
a biometric and proposed a solution to generate private key
from the biometric template (512 byte iris code template)
and used one-way hash function to provide protection of the
biometric template. This Paper presented two systems using
RSA and DSA. Additionally, they suggested not to transmit
the biometric template over the internet for authentication and
eliminated the key management issues of PKI by avoiding the
private key storage. Finally, authors also discussed the problem
about the correctness of all bits of the template.
A.M. Al-Khouri and J. Bal [5], suggested to use three-factor
authentication for digital identification. Authors described a
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trio technology that integrated PKI with smart card and
biometrics for precise identification. The Main advantage of
this proposal is that nobody can use the smart card but the
cardholder.
Wojciech Kinastowski [6], proposed a protocol for data
exchange and message signing in the cloud environment.
According to the protocol public and private key pair is
stored on the cloud where the private key is encrypted with
a password that is only known to the signer. To access
this private key a one-time password is generated using a
hardware security module (HSM) and send it to the signers cell
phone. The protocol provides an excellent usability (eliminate
dedicated devices like smart card, card reader etc.) and cross
platform requirement in the cloud communication, however it
does not provide sufficient verification to detect the precise
identification of the signer. If the Singer lost his cell then
anyone can access the private key using his OTP.

III. PROPOSED SYSTEM

A. System Architecture
In our proposed system, signature generation and verifica-

tion process are done in the cloud platform. As all we know
in PKI, each user has a pair of keys: private key and public
key. Private keys are stored on a central secure server. Our
main target is the protection of this private key and provide
a maximum possible security level, to achieve this goal we
will use a hardware security module (HSM) to the application
server.
To access this private key and sign a document signer has
to face two-factor authentication i.e. something you are -
Biometric identification and something you have One-Time
Key (OTK) - a randomly generated code. So the system allows
a user to sign if his biometric vein image template is matched
with the previously stored template in the database and it
generates a key (OTK) then send it to the signers mobile.
After that the signer return it back to the application server to
complete the signature operation. This key is used for a single
session only and known between the signer and the receiver
to provide confidential interaction between them. The scenario
of signature generation is represented in fig. 1

Fig. 1. Generation of Digital Signature

Signer sends his finger vein data using a vein reader to
make an authentication request to the application server from

the user terminal. The server manages the users certificates
and validates them with the help of the certificate authority.
The server returns the signed document to the user when the
signature process is done.

During signature verification, receiver also needs to provide
his vein data to prove his authenticity. This time receiver just
provides the OTK and public key to the server to complete
the verification process. Then server displays the verification
information of the document to the receiver. This story is
exposed in fig. 2

Fig. 2. Verification of Digital Signature

Forum of European Supervisory Authorities has been consid-
ered positively the concept of implementing digital signature
remotely or the server-side. [16] Additionally, some trusted
provider like Ascertia and DocuSign has been introduced
cloud based digital signature system which is performed in
the server-side environment and authorize the user with SMS-
tokens. [17], [18]

B. System Algorithm

In this section we will discuss about the functions and
algorithms which is used in the system.

One time key: We have used random_int function which
use Mersenne Twisters algorithm that generate cryptographi-
cally secure pseudo random integer.

function one_time_key($min, $max){

$otk = random_int( $min, $max );

Return $otk;

}

Public key: We have used md5 (which takes signed doc-
ument contents) algorithm which is also encrypted by using
modified base64 algorithm that makes documents more secure
than before.

function generate_public_key($document_content){

$unique_random_string=md5($document_content);

$base64_string=base64_encode($unique_random_string);

$modified_$base64_string=str_replace( + , . , $base64_string);

$public_key = substr($modified_base64_string,0, $length);

Return $public_key;

}
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C. Biometric Selection

PKI does not identify the actual signer. If we use biometric
instead of PKI, it removes dedicated devices and identify
the actual signer. [1] Authors suggest to use some biometric
like fingerprint, face, hand geometry, voice, iris and retina
to verify the signers identity. We choose vein pattern as a
biometric, it overcomes the various frauds associated with
other biometric. [9], [10], [11]
Finger vein biometric authentication technology detects an
individual using the pattern of vein inside of a finger. Its false
acceptance rate is one in a million, false reject rate is 1:10,000
and failure rate is extremely low. [12], [13] Vein pattern is
usually blood vessels which carry blood, so the only live
human body is workable to the authentication process. There
is deoxyhemoglobin in our blood which consumes infrared
lights, vein pattern then looks like black/dark outlines. With
the help of infrared lights and a special camera image of vein
pattern is captured. This image is transformed into the template
and compared with the saved template during the authentica-
tion. We let this job to the vein reader such as Hitachi M2SYS
reader, just put your finger and get authenticated.

IV. USER PANEL IMPLEMENTATION

To complete the signing and the verification process user
must go through some system predefined procedures which
are much easier than the existing system. We illustrated those
procedures below:

A. Sign Up

To complete the registration process user needs to use his
finger vein data only. Now the question is how system will
collect the remaining information. We are assuming there is
a public database maintained by the government contains the
basic information (user name, address etc) about their citizens.
This prevents the fake information of any user who will use our
system. So the system will try to find his data in the database
and if any match found, it will collect his information and save
in the system. Finally as shown in fig. 3 user have to provide
his current email address to complete the registration.

Fig. 3. User signup

B. Login

During login into the system user needs to provide his vein
data only which is easier than providing password or PIN. If
the vein data match with our system database, then the system
will allow user to sign or verify the document.

Fig. 4. User login

C. User authentication and document signing

Before sign a document user uploads it to the system.
Scenario is exposed in fig. 5.

Fig. 5. File upload page

When the signer is intended to sign a document the system
will generate a One-Time Key (OTK) and send it to his email.
Using an authentication form system ask the OTK from the
signer as a proof of authenticity. From fig. 6 it is shown that
signer specifies the email address of the receiver where he will
get the same OTK.

Fig. 6. User authentication

Thus the OTK is only shared between the sender and the
receiver and system will provide a confidential interaction.
Finally during signature generation, send a copy of OTK to the
receivers cell phone (e-mail) for document verification. Finally
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signed document is returned to the signer using browser default
download option for his further uses as displayed in fig 7.

Fig. 7. Downloading signed document

After downloading we will get the signed document as
displayed in fig. 8. Signature is drawn on the right corner of
the bottom of the document. User can click on the signature
to see the signature properties.

Fig. 8. Signed document

D. Document verification procedure

During document verification, receiver login to the system.
After that system will ask the shared OTK and the public key
of the signer. As all we know public key is available to all
but OTK is only known between sender and receiver. Fig. 9
shows the verification process where first field contains OTK
and second one contains public key of the signer.

Fig. 9. Verification page

As displayed in fig. 10 receiver also may find the public
key from the signature property of the signer.

Fig. 10. Public key of signer

If provided information of OTK and public key is valid,
the system will display the verification information about the
document and the signer as shown in fig. 11.

Fig. 11. Document validation page

V. CONCLUSION

If a smartcard or a PIN is used to identify an individual
then anyone can involve in signature generation or verification.
Moreover there are a number of websites are still ongoing that
provide fake ID including US, Canada, Bangladesh etc. Our
main approach is to establish an improved digital signature
scheme that satisfy the current business needs and fulfill the
user satisfaction as well as obtain a scope for the future expan-
sion within the organizational constraints. Although biometric
technology is quite expensive, it can provide increased level
of security in the field of cryptography and digital signature.

VI. LIMITATIONS

Some restrictions of our system are listed below, 1) Since
our system provides a cloud based digital signature platform,
internet connection is required to adopt all of the services. 2)
Required additional hardware such as a vein reader to detect
vein pattern images. But this could be resolved if we could use
smart phones to detect vein. 3) The Biometric vein technology
is quite expensive

VII. FUTURE WORK

Our system provides a confidential interaction between a
signer and a receiver, only specified receiver can validate the
document or message. If we send encrypted document to the
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receiver and share a Key (such as OTK) between them to
decrypt the message then the data confidentiality also can be
preserved. Additionally nowadays many mobile devices are
coming up with the fingerprint image detection feature, in
near future they will eventually meet the finger vein detection
and our proposed system can be implemented with the mobile
device integration.
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Abstract—Tourist identification with a lower effort can be
highly demandable for the tourism department and related
organizations of a country. Nowadays, most of the people in-
cluding tourists use cell phones to keep communication resulting
in corresponding data for every transaction (call, SMS, MMS,
mobile data) named call detail record. This kind of data is
usually collected and stored by telecom operators mainly for
billing reasons. Call detail record (CDR) can be mined to
get the approximate location of cellular mobile phones. This
article describes a framework that identifies tourists among
total population by analyzing cellular phone location data from
call detail record. The framework also includes an efficient yet
effective data scan method from huge CDR database of the total
cell phone users.

Index Terms—Tourist Identification; CDR Analysis; Mobile
Tracking; Call Detail Record

I. INTRODUCTION

Call Detail Record(CDR) is the relative information about
the corresponding cellular transaction and the transactions
are SMS, MMS, phone calls, data communications. A CDR
database contains cellular phones important information in-
cluding the approximate location of the source and destination
of every cellular transaction [1]. When a cell phone user tries
to communicate with the cell phone then a corresponding CDR
is created and stored in CDR database [2]. There is various
information related to cellular network activity stored in CDR.
CDR databases are the massive source of data repository
for various research fields. CDR database can be analyzed
with numerous data mining techniques to discover hidden
knowledge about human mobility, behavior, usage pattern etc
[3].

Almost every country maintains a tourism department to
help tourist, increase economy related to tourism, give support
to non-government tourism organizations and companies etc.
Many of these functions directly or indirectly depend on the
successful identification of tourists. Tracking is a good way
of identifying tourists based on the general behaviors of them.
We can track cell phone users from location information of
CDR data. As CDR is a passive source of data, gathered by
telecom operator, no direct cell phone users’ intervention is
required [4]. Though the location information from CDR is
not highly accurate but it will not affect our tourist detection

framework because we use some threshold to identify tourists.
Threshold values can be altered to see the difference.

Global Positioning System (GPS), on the other hand, can
serve the purpose of cell phones location tracking more
accurately [5]. There are many smartphones that have A-
GPS(Assisted GPS) device built in. These A-GPS devices
can get the current location, almost as like as GPS devices.
Using A-GPS enabled mobile device, we can continuously
track users’ trajectory behavior. But there are some notable
limitations of using A-GPS as a mobile tracking device.
Firstly, a lot of mobile phones do not have A-GPS device.
Secondly, mobile A-GPS device consumes a lot of power
which is not acceptable for mobile phone [6]. Thirdly, the A-
GPS device is kept off in maximum A-GPS enabled mobile
devices by the users. So, it is not a wise decision to track cell
phone users and find tourists among them by A-GPS tracking.

Our main goal is to detect tourists among all cell phone
users efficiently by using CDR location data. In this paper,
we study the problem of CDR database as a source of cellular
phones location data. And we study the general behavior of
tourist’s trajectory with respect to some threshold values. Then
we will address an efficient CDR database scan method from
our previous study to reduce continuous scan. Then we develop
a framework to detect tourists on the basis of the general
tourist behavior. This framework will further identify tourist
by analyzing CDR location data. Our main contributions can
be summarized as follows:

• We first introduce a CDR database scan method to
reduce continuous scan and high resource use, specially
designed for tourist detection. This method overcomes the
limitations of CDR location tracking for this case.

• Then we propose a method to detect tourists among the
total population by analyzing the CDR location data of
cellular phones.

The remaining sections of the paper are organized as
follows. In section II describes related work on tourist identifi-
cation by using CDR data. Section III introduces our proposed
method for identifying tourists by CDR analysis efficiently.
Implementation of our proposed technique has been described
in section IV. Experimental analysis has been shown in section
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V. Application of our system, discussion as well as the future
research scopes and limitations are shown in section VI.

II. RELATED WORK

Call detail record can be analyzed to find hidden rela-
tionships of human mobility in various sectors[3] [4]. Urban
and country dynamics like population deployment, popular
areas, the connection among different geographical zones
etc. can be mined from mobile phone location data in call
detail record and some effective relationships can be found
[7]. In this research paper [7] the authors have successfully
used CDR location data for their trajectory purposes. Some
researchers also worked on CDR database to find unusual
crowd events [8]. CDR location data can be used in various
data mining techniques. In research paper [9] traffic zones
have been divided using K-means clustering algorithm. Real-
time road traffic monitoring is also possible by using latest
cellular networking technologies but these are costly [10]. So,
it is clear that CDR location data can be an interesting data
repository for numerous mobility analysis.

There are some works on tourist behavior analysis by using
CDR data. In research paper [11], tourist’s spatial and temporal
behavior is unveiled in urban places. The researchers used GPS
technology for their work. In [12], tourists’ movements and
flow patterns are characterized. This type of tracking is also
done by GPS technology. To understand tourists’ behavior on
a large scale some frameworks have proposed [5] which track
the tourists by GPS device.

There are some highly related works to us on tourists. But
almost all of them are based on GPS/A-GPS tracking. In
section I, we already studied the problems of GPS/A-GPS
tracking. On the other hand, some work on CDR database
[3] [4] can mine general human mobility. Some CDR based
works also tried to characterize tourists’ behavior. But there
are a few works on tourist identification by passive location
data.

Our proposed methods for tourist identification use CDR as
passive location data. We will get rid of the problems of using
GPS/A-GPS tracking as we will use CDR location data. The
problem of using CDR data is that it produces and stored only
when there is a cellular transaction like call, SMS, MMS [2].
This is one of the main problems of CDR data. So, with CDR
location data, continuous as well as instant tracking is not
possible. But an analysis on tourists’ behavior [13] shows that
tourists use their cell phone on a tour. A big percentage use cell
phones frequently on a tour, on the other hand, there is also a
big number who do not want to use the cell phone on a tour.
But all of them use the cell phone at least a minimum level
for important communication. We designed our framework to
overcome this limitation.

III. PROPOSED METHOD

Our work on efficient tourist detection can be divided into
two parts. They are:

• Efficient scan of CDR database.
• Tourist detection by using CDR location data.

TABLE I
SAMPLE OF CDR ATTRIBUTES

Attribute Content

network plmn The international operator code of the physical
network

network msc An identifier for the Mobile Service Center
servicing the call

network bts An identifier of the Base Transceiver Station

network lattitude The expected or real customer latitude at the
beginning of the call

network longitude The expected or real customer longitude at the
beginning of the call

A. Efficient scan of CDR database

Efficient scan of CDR database means nothing but a time
interval scan of the database for cellular phones location. In
our work, we mainly target the tourists who do not travel very
short distance. And usually, maximum tourist need to travel
some non-short distance to reach their destination. There is
some information regarding the location in a CDR data. We
have used an online CDR generator[14] to generate CDR data-
set and analyze its attributes. Table I shows some attributes
related to location information of CDR data.

We will scan the CDR database with a time interval and we
will try to get the last available location data of each user. This
interval should be something that wont decrease the probability
of detecting tourist gradually as well as will not give high
resource pressure on CDR database. Figure 1 depicts a 4 hour
time interval CDR database scanning.

Fig. 1. Time interval scan of CDR database

B. Tourist identification by using CDR location data

1) Preliminaries: Tourist identification means to detect
tourist based on their location data analysis. We will propose
a set of rules to identify tourists among the total population.
This will involve some general knowledge on tourists behavior.
Efficient scanning of CDR database will give us a table of cell
phone users approximate latitude and longitude. We will then
develop appropriate algorithms based on our set of rules. These
algorithms will be implemented on the data like table II. In
turn, the algorithms will return a probability of a cell phone
user being tourist or not.

2) Procedure: We have discussed scanning and gathering
CDR location data from CDR database from the previous
section. We will collect the network latitude and network
longitude with the corresponding unique identity for every
scanning phase. Then we will insert these into our tourist
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TABLE II
TOURIST IDENTIFICATION TABLE

cellular id Ti loc 00 loc 04 loc 08 loc 12 loc 16 loc 20

5017 82 23.005639
89.830058

23.005639
89.830058

22.963011
89.815795

22.832525
89.525229

22.832525
89.525229

22.855734
89.540696

5018 85 23.153573
89.924615

23.153573
89.924615

23.425575
90.166921

23.721791
90.482932

23.343036
91.142701

22.510990
91.799645

5019 73 23.960504
90.183234

23.960504
90.183234

23.960504
90.183234

24.116404
91.119009

24.922957
91.840274

24.922957
91.840274

5020 8 24.768432
90.369329

24.768432
90.369329

24.768432
90.369329

24.738136
90.394406

24.769502
90.367718

24.769502
90.367718

detection table which will remind the last few location histo-
ries. An example of our tourist identification database is given
below:

Here, cellular id is the derived identity from the actual
cellular number. loc 00 means location information collected
at 00 hrs of the day. loc 04 means location at 4 hrs and so on
for loc 08, loc 12, loc 16, loc 20. As our CDR database scan
interval is 4 hours, so we took sample after every 4 hours of
a day starting from 12am. Here, Ti is an important integer
variable, stands for tourist indicator. This tourist indicator
variable Ti shows the probability of a cell phone user to be a
tourist for that period. The value of Ti ranges between 0-100.
The lower value means there is a lower chance of the users
being tourist and the higher value means the opposite. So the
summary is:

• Call Detail Records(CDR) of all cell phone users will be
scanned on a regular basis(ex. 8am, 12pm, 4pm) for the
current location of the subscribers.

• There will be a set of rules Rt which will responsible for
triggering the tourist indicator Ti.

• Tourist indicator Ti is a variable, range between 0-100
for each cell phone user. Ti=100 means all rules indicate
that the subscriber of the phone is tourist. Ti=0 means
the opposite.

Fig. 2. Ti manipulation concept

So, the set of rules Rt plays an important role in the tourist
detection. The algorithm depends hugely on these rules. More-

over, the success or failure to detect tourists depends on these
rules. The concept of change in Ti is shown in figure 2.

3) Set of Rules: Rt: We divided the set of rules into two
subsets. One subset is about the rules for which a cell phone
user can be identified as a tourist. And the other subset
includes the rules for which a cell phone user can be identified
as not-tourist.
NegativeRules(NegativeRt) : A cell phone user should

not be considered as tourist if
1) The phone’s location is not changing.
2) The phone’s location is changing among some neighbors

small areas.
3) The phone’s location is changing periodically/semi-

periodically among some regions.
4) The average duration of staying some neighbors region

for a long time.(ex. more than 7 days)
5) The phone is not belonging to a defined tourist place.
PositiveRules(PositiveRt) : A cell phone user should be

considered as tourist if
1) The phone’s location is changing rapidly towards some

predefined tourist place.
2) The phone is not belonging to its home locations.
3) The phone is belonging to a defined tourist place.

The changes in Ti is depicted in the flowchart in figure 3.
Note that, these set of rules is the key to success in our
work and these rules might not enough for some condition.
So, improving, modifying and adding these rules is a routine
and future work.

IV. IMPLEMENTATION

A. Efficient Scan of CDR Database

To track each user’s location, we need to scan the whole
CDR database continuously. But continuous scanning on a
large database is non-efficient. But if we scan the database
after some time interval, then we can reduce this problem
to a great extent. Usually, tourists travel time is greater than
8-12 hours. So, tourist detection with our methods does not
require continuous scanning. A good time interval, such as 4-6
hours is enough for our tourist detection method. In this paper,
we use 4-hour time interval among CDR database scanning.
There is a problem regarding CDR data. This data is generated
only when there is a cellular transaction (call, SMS, MMS,
data connection etc.) by the mobile device. So, when we
scan the CDR database, we may not find the current location
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Fig. 3. Flowchart for Ti on the basis of Rt

data of the users. Because there is a good probability that
the cell phone users did not receive or make any types of
cellular transaction for a long time. We will try to address this
problem in our tourist detection method. The probability of
a tourist of not making or receiving any cellular transaction
during the total travel period is very low [13]. So, we can
easily expect at least some cellular transaction during the
travel period. Our algorithm for tourist detection can detect
tourists with such minimum available CDR location data. So
finally, our efficient scan of CDR database means scanning the
whole CDR database after a time interval and fetch location
data with respect to corresponding cellular phone identity.
The CDR data, on the other hand, is very private. So, for
maintaining a high level of security and privacy, we will collect
the location data against a derived attribute from the actual
cellular phone identity. We will not use the real phone number,
rather we will use some non-reversible methods to derive
another corresponding users identity and then using those.

B. Tourist Identification by Using CDR Location Data

1) Preliminaries: Now, we have the set of rules Rt to
maintain tourist indicator variable Ti. With respect to Rt, we
have to develop an efficient algorithm to handle the tourist
indicator variable Ti efficiently. This means to increase Ti

when one or some rules from PositiveRt and decrease when
one or some rules from NegativeRt becomes true. Each rule
will have a separate section in the total algorithm. Moreover,
each rule should have its own weight because some rules are
important decision maker than other in the field of tourist
detection. The algorithm should also aware of the fact of
overrating or underrating. And finally, the value of Ti for
each cell phone user should be between 0-100. The inputs of

the algorithm are previous Ti value and the available location
values corresponding to a cellular ID. The input location data
is given to the algorithm in sorted order, beginning from the
current time-stamp to earlier timestamps. Here, loc0 is the
most recent location data and loc1, loc2, loc3 etc. are gradually
older. locH is the calculated home location of the cell phone
user. The output is the new Ti value.

Algorithm 1 Tourist Identification
1: procedure TOURISTINDICATOR (Ti, locH , loc0, loc1,

loc2, loc3, loc4, loc5)
2: Assign FALSE to all the booleans corresponding to

every rule
3: if Distance (loc0, loc1) < MinTravelDistance then

NegativeRt1 = TRUE
4: end if
5: if Distance ( Region(loc0), Region(loc1)) <

MaxNeighbourDistance then NegativeRt2 = TRUE
6: end if
7: if Region(loc0) equals to (Region(loc1) OR

Region(loc2) OR...OR Region(loc5)) then NegativeRt3
= TRUE

8: end if
9: if Region(loc0) does not belong to Tz then Nega-

tiveRt5 = TRUE
10: end if
11: if (Direction(loc0, loc5) indicates one or more Tz and

Distance(loc0, loc5) > MinTravelDistance then Posi-
tiveRt1 = TRUE

12: end if
13: if (Region(loc0) is not Region(locH)) then Posi-

tiveRt2 = TRUE
14: end if
15: if Region(loc0) belongs to Tz then PositiveRt3 =

TRUE
16: end if
17: for <each TRUE rule in PositiveRt> do
18: <calculate weighted values and add

with the Ti value>
19: end for
20: for <each TRUE rule in NegativeRt> do
21: <calculate weighted values and

subtract from the Ti value>
22: end for
23: if Ti < 0 then Ti = 0
24: end if
25: if Ti > 100 then Ti = 100
26: end if
27: Return Ti

28: end procedure

2) Algorithms: Algorithm 1 is the main algorithm to main-
tain Ti. Distance(location, location) is a simple distance
measuring algorithm from two geometric coordinate values.
Region(location) is a function that returns the area code of the
corresponding location. All area symbolize by corresponding
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Fig. 4. Trajectories of tourist and non-tourist. The blue path is traveled by a tourist and the red path is traveled by a non-tourist. Various colored small circles
indicate the location data scanned at the corresponding time of a day. Google Map is used to depict this. ©2015 Google Inc, used with permission. Google
and the Google logo are registered trademarks of Google Inc.

area code forms the set Az . Each area code must have a defined
coordinate value. Tz is the set of tourist zones area code. Tz is
a subset of Az . Direction(location0, location1) is a complex
algorithm that returns a short list of Tz which is in the running
direction from location1 to location0. The initial values of
all Ti are zero. The home location locH is calculated over a
long period for measuring cell phone users home location.

V. EXPERIMENTAL ANALYSIS

Figure 4 shows two trajectory paths, starting from the white
small circle. The blue path is imagined as a tourist traveling
path and the red path is imagined as a non-tourist traveling
path. The end of the blue path is a predefined tourist zone
and the end of the red path is not. The small various colored
circles are the location data scanned from CDR database at
the corresponding time of a day. For testing the effectiveness
of our algorithms, especially the set of rules Rt, we will now
analysis these trajectory data and see whether our algorithm
can detect tourist or not.

From figure 4 we see that, both locations of 00hrs(12am)
is same. At 04hrs(4am), we see that the blue colored traveler
travels comparatively long distance than the red one. So, our
MinTravelDistance threshold will deny red colored traveler
as tourist and opposite for blue one. The very next transaction
will also perform similarly. The next orange colored circle
will increase Ti for both of them but for previous values,
the aggregate value of Ti will remain high. The next yellow
colored transaction will further trigger other rules from Rt.
For example, now the blue colored traveler travels a high
distance and belonging to a defined tourist zone. But red
colored traveler does not belong to a tourist zone. So, negative

rules 2 and 5 will decrease Rt a lot of red ones and positive
rules 1, 2 and 3 will increase Rt massively of blue ones.
Now we can say that our algorithm worked successfully for
detecting a cell phone user as tourist or not. It should be noted
that the weight of some rules are much higher than others. For
example, negative rule 5, positive rules 2, 3 have higher weight
compared to others.

VI. DISCUSSION AND CONCLUSION

Our proposed framework can identify tourists by using CDR
data, a passive source of cell phones location information. Our
method to scan huge CDR database is also efficient in terms of
resource usage without sacrificing the quality of our main goal.
Our work can be useful to them who are directly or indirectly
related to the tourism sector. Government tourism department
can utilize our methods to enable SMS based system to help
tourists, spread important information about the corresponding
tourist zones among tourists, give emergency informations to
them etc. Moreover, security agencies like tourist police, coast
guard etc. can use this method to identify tourists and take
proper steps to give them security. This work can be also useful
to non-government tourist organizations and companies.

Scanning data from CDR database is not allowed in normal
phenomenon. But our proposed method will create a non-
reversible identity for cell phone users. So, direct intervention
of tourism department of the government can solve the security
issue. The set of rules to detect tourist is sufficient but these
can be improved a lot to detect tourist more efficiently. Other
algorithms stated in our work are already available in open
source form on the internet. These algorithms can be further
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specialized for this work to get improved result and/or mini-
mize resource usage. It is very important to declare the weights
of each rule correctly. This can be further a research scope.
Our methods are proposed for detecting long traveled tourists.
So, the threshold values should be something with respect
to this phenomenon. Finally, the tourism department of a
country can utilize our CDR based method to identify tourists.
Successful identification may lead to further achievements like
assessing important variables regarding tourism. Moreover,
tourist detection history can be a big source of data for further
research. We will try to improve our detection algorithms
in future. We would be glad if someone finds this work on
tourism helpful.

ACKNOWLEDGMENT

The authors are grateful to the anonymous reviewers for
their comments that improved the quality of our paper. This
research was supported by the research fund of Bangabandhu
Sheikh Mujibur Rahman Science and Technology University,
Bangladesh. Md. Jamal Uddin is the corresponding author.

REFERENCES

[1] J. Steenbruggen, E. Tranos, and P. Nijkamp, “Data from mobile phone
operators: A tool for smarter cities?” Telecommunications Policy, vol. 39,
no. 3, pp. 335–346, 2015.

[2] R. A. Becker, R. Caceres, K. Hanson, J. M. Loh, S. Urbanek, A. Var-
shavsky, and C. Volinsky, “A tale of one city: Using cellular network
data for urban planning,” IEEE Pervasive Computing, vol. 10, no. 4, pp.
18–26, 2011.
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Abstract— This paper presents an effective and efficient                           
method for classifying text documents in order to deliver feasible 
information retrieval using naïve bayes algorithm. Today lots of 
algorithms have earned good score in the field of information 
retrieval, Naïve Bayes is one of them. In this paper, a Weight 
Matrix is introduced during training text documents which is 
combination of term frequency (TF) and inverse class 
frequency(ICF) and later this weighted term is powered by a 
significant number and added with the posteriori value during 
the prediction time of Naïve Bayes (NB) algorithm to establish a 
better and efficient performance of the classification task. Here 
the precedence base element TF results an additional weight for 
each term (word) of the text. On the other hand, ICF gives each 
common word a low score. Finally the combinational term 
‘Weight Matrix’ gives an extra weight and balances weight where 
necessary. As a result, improve the performance accuracy of the 
NB classifier. Experimental results show that NB with Weight 
Matrix rarely demotes accuracy compared to standard Naïve 
Bayes, instead of enhancing accuracy dramatically. 

Keywords—Feature selection; ICF; Naïve Bayes; Text 
categorization; TF;Weight Matrix 

I.  INTRODUCTION  

Text is the most common vehicle for the formal exchange 
of information. Nowadays a huge amount of information is 
being associated with the web technology and the internet. As 
the information of internet and improvement of digital articles 
are increasing day by day, people urgently need effective and 
efficient tool to automatically classify the information, retrieve 
essential information from unstructured text and assign them 
in a predefined category. To collect necessary information 
from these raw texts, significant features have to be extracted 
from raw texts. The motive to classify a given data instance 
into pre-defined set of categories is known as “Text 
Categorization”. It includes query, colander and store the huge 
amount of resources. 

NB is a probability based supervised learning algorithm. It 
is famous for its conceptual and computational simplicity. In 
our paper, we study how the accuracy of the standard NB can 
be increased significantly for English text documents. A term 
namely ‘Weight Matrix’ is introduced for the accuracy 
enhancement procedure. It needs to be noted that minimum 
text documents are used for training. NLTK [1] standard 
library is used for preprocessing raw texts. Preprocessing 

training documents includes some sequential steps: 
tokenization, stop words removal, digit removal, punctuation 
removal, converting all words in lowercase presentation and 
stemming. After preprocessing a well-structured text is found 
and feature extraction is performed on this structured text. 

      Finally, separate learned classes are constructed from 
this structured training data. In our experiment, we apply 
Standard NB and our proposed Weighted NB successively for 
training and testing. We collect dataset from bbc [2] and 
among the huge dataset we choose 100 documents randomly 
for the research work. Then divide the chosen documents 
equally, half is used for training and half is used for testing. 
Considering total chosen data sets, 2-fold validation is done to 
measure the performance accuracy and we get around 83% 
accuracy from Weighted NB,considering minimum text 
documents for training. For 2-fold validation check we divide 
the total chosen documents into two groups, 1st half is used for 
training and 2nd half is used for testing and vice versa. 

In this paper section II describes the related works in text 
classification field. The proposed system is stated in section 
III. Section IV evaluates the detailed methodology of the 
system. On the other hand, experimental setup is assigned in 
section V and finally conclusions and future plans are imputed 
in section VI. 

II. RELATED WORKS 

Traditionally two major methods are used for Text 
Categorization (TC): one of them is rule based approach and 
another is machine learning approach. In rule based method 
classification rules are generated by experts. This method is 
accurate but not cost effective. On the other side, in machine 
learning approach the grouping methods are created 
automatically with the help of some statistical algorithm. This 
approach is cost effective and a new domain of system is easy 
to construct. So this automated technique is most famous 
which classify texts into their predefined categories based on 
the contents they have [3, 4]. A lots of training algorithms for 
TC have been developed in past few years, these are: 
probability based algorithm Naïve Bayesian method, Decision 
tree learning algorithms [5], K-Nearest Neighbors [6], Support 
Vector Machine [7], etc.  

Among those automated classification approaches, NB is 
one of the most commonly used algorithm. It calculates the 
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probability value of the contents belonging to a particular 
class. In [8], A. S. Patil & B. Pawar used Simple NB for 
automatic text categorization and got approximately 80% 
accuracy. Deep feature weighting (DFW) for Naïve Bayes was 
introduced in [9] where DFW estimates the conditional 
probabilities of NB by deeply computing feature weighted 
frequencies from training data. Furthermore, various 
smoothing methods are mentioned in [10] for increasing NB 
learning and applied it for the classification of short text. 
Although a number of approaches have been proposed, they 
are not faultless and still needs improvements. 

III. PROPOSED SYSTEM 

We propose an enhanced system that will improve the 
performance efficiency of naïve Bayes algorithm in the text 
classification task. Here we introduce a term namely ‘Weight 
Matrix’ which is combination of TF and ICF and later this 
Weight Matrix value is powered by a significant number that 
is retrieved from any new instance. We used ICF instead of 
IDF(Inverse Document Frequency) because in Centroid-based 
text classification ICF is more efficient than IDF and improves 
classification accuracy[11]. The term TF specifies the 
importance of a word to a document in a collection or corpus. 
It works as a weighting factor for the system. On the other 
side, the ICF defines if a word is common or rare across the 
class. It works as a ‘balancing factor’, which is used to balance 
the values of the Weight Matrix. In testing, when we take a 
new instance to determine its class, the posteriori probability 
value is calculated for each class. After that the introduced 
powered Weight Matrix value is added to the posteriori 
probability value for each class. The maximum weighted 
posteriori probability value will be the result (class) of the 
prediction process. 

IV. METHODOLOGY 

NB is a multinomial supervised learning method which is 
based on probabilistic measurement applying Bayes theorem. 
For a supervised learning setting, probabilistic model 
supported NB classifiers can be trained very efficiently. In NB 
two types of probability functions are calculated for training, 
one is prior probability and another is conditional probability. 
This calculated probability values gained in training are then 
used in the testing process where we predict the probability for 
a new instance to be in a particular class. 

Probability of a individual class P( ܥ ) = Number of 
documents for a individual class / Total number of documents. 
Here, P(ܥ) is the prior probability.Likelihood function of an 
individual given class is calculated by (1), this is also called 
conditional probability. 

P(W୬|ܥ) = [count(W୬|ܥ) + 1] / [count(ܥ) + | ܸ|](1) 

Here, count(W୬|ܥ)  is the count of each individual word 
according to that class(ܥ); count(ܥ) is the count of all words 
in the original class ; ܸ is the number of vocabulary. 

The frequencies of each isolated informative words of each 
particular class are ଵ݂ , ଶ݂ ,…………, ݂ .Now, Posteriori 
probability for each class, 	ܲ(ܥ| ܹ) = 	 argmax∈	 P(ܥ) ∗ ܲ(W୬|ܥ)(2) 

According to Naïve Bayes the new instance will be 
classified to that category for which value of the posteriori 
probability will maximum. 

Our idea is to power the weight value of each individual 
matched word by the frequency of a new instance and then 
add the powered Weight Matrix value with the posteriori 
probability of Naïve Bayes to improve the efficiency of the 
classification task. This Weight Matrix is the combination of 
term frequency TF(t, dଵ)  and inverse class frequency ICF୲ୡ. TF(t, dଵ) adds high discriminating power to specific 
documents whereas ICF୲ୡ offers a less pronounced relevance 
signals. If the total number of classes is N and number of 
classes with term ݐ  in it is ܰ , then ICF௧  is mapped as 
follows, 

ICF௧ = ቐln ேேାଵ , ݂݅ ܰ = 0		ln ேே , ݂݅ ܰ > 	0(3) 

If we have n documents (݀ଵ,݀ଶ,݀ଷ, …… , ݀)		then TF of 
those documents, 

TF(t,݀ଵ) = 
ே௨		௧௦	௧	௧	௦		ௗ௨௧	ௗభ்௧	௨		௧௦		ௗభ  

TF(t,݀ଶ) = 
ே௨		௧௦	௧	௧	௦		ௗ௨௧	ௗమ்௧	௨		௧௦		ௗమ  

and so on. If a class have n number of documents then the 
TF for each class is  

TF(t,݀) =  TF(t,݀ଵ) + TF(t,݀ଶ) +	…..+TF(t,݀)             (4) 

From (3), and (4), we get the Weight Matrix for each class 
calculated as below: ௧ܹ,ௗ= TF(t, dୡ) * ICF௧. After this completion of training 
stage when a new text instance is taken for testing then the 
Weight Matrix values are powered and updated for each class 
with respect to the matched feature frequency of the new text 
instance. So, the powered weight(W) which is calculated with 
respect to each class is, 

W = ( ௧ܹ,ௗ), here f is the frequency of matched words in 
the new instance. So the final probability value P(x) for each 
class of a new text instance x is calculated by (5) is, 

P(x) = argmax	[ܲ(ܥ| ܹ) + ܹ](5) 

That’s why, for the Weighted NB the new instance will be 
classified to that category at which the value of P(x) will 
maximum. 

V. EXPERIMENTAL SETUP 

In this section, we discuss the entire experimental setup of 
our research. To start with we need collection of English text 
documents which is pre-classified into different categories. 
We choose bbc news articles as a standard for our experiment, 
then the documents are preprocessed (tokenization, stop words 
removal, digit removal, punctuation removal, converting all 
words in lowercase presentation and stemming) and finally the 
dataset is subjected to training and testing the classifier. We 
discussed the steps briefly as given bellow: 
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A. Creation of Dataset 

      Our data set is the collection of documents with their 
pre-defined categories mentioned in Table I. The dataset 
consisted of 2225 documents with five different categories- 
Sports, Business, Entertainment, politics & technology. 

 
TABLE I. Total Dataset 

Topics No. of documents 

Sports 511 

Business 510 

Entertainment 386 

Politics 417 

Technology 401 

 

Among this large dataset we choose 100 documents randomly 
and half of the documents are used for training and the rest is 
used for testing. 

B. Preprocessing Text Documents 

      Before performing feature extraction preprocessing is 
performed to ignore the unimportant and irrelevant words, 
reducing dimension and to turn the text in a standard format. 

1) Tokenization: Break a group of text into words, phrases, or 
other meaningful elements which is called tokens. Here we 
separate each word by whitespace. 

2) Stop words removal: Python library NLTK [1] supports a 
list of stopwords which don’t aggregate useful or relevant 
information for the classification task. That’s why 
unimportant words are removed. 

3) Digit removal: Any kind of digits are removed by using 
there Unicode representation. 

4) Punctuation removal: Remove punctuation marks as well 
as special symbols(‘, “, :, ;, [ ], { }, ( ), _, -, /, \,|, ?, <>, #, 
&  etc.) 

5) Lower case conversion: Convert all the words into 
lowercase format. For example, the term ‘bowler’ and 
‘Bowler’ have the same impact for a class but they will 
consider as separate words because the case difference. For 
this reason, convert all words into lowercase is necessary. 

6) Stemming: Represent the root form of different words. 

C. Traning & Testing 

NB gives best performance with the increase of training 
examples but if less training examples are taken it will give 
poor performance. Hence we try to establish a system offering 
better performance even if using less text documents for 
training. After preprocessing required probability matrix and 
Weight Matrix are calculated in the training stage. 

TABLE II, describes the Weight Matrix calculation for 
some elements in ‘sports’ class. ݂denotes the frequency of 
each term and MC (Matched Classes) specifies the number of 
classes with term ݐ in it. Here the 1 & 8 no. term have high 
TF but as they are common for maximum number of classes 
so ICF decreases significantly and the resulting weight is 

downcast. On the other side 3,6,7 no. terms have almost 
average TF as well as high ICF because they matched with 
less number of classes, as a result their Weight Matrix value 
increases more. So, it is the ICF, which have a great effort in 
balancing the Weight Matrix value of each term for each 
particular class. 

TABLE II.   Weight Matrix Calculation for Some Elements in Sports Class 

No
. 

Term ݂ TF(t,݀) MC ICF୲ୡ Weight 
Matrix,TF(t, dୡ). ICF୲ୡ

1. Play 7 0.004688546 3 0.5108256 0.002395029 
2. Pitch 3 0.002009377 1 1.6094379 0.003233967 
3. Club 4 0.002679169 1 1.6094379 0.004311956 
4. Bowler 2 0.001339584 0 1.6094379 0.002155978 
5. Toss 1 0.000669792 0 1.6094379 0.001077989 
6. Bowl 6 0.004018754 0 1.6094379 0.006467935 
7. wicket 3 0.002009377 0 1.6094379 0.003233967 
8. Ever 5 0.003348961 4 0.2231436 0.000747299 

 

Our task is to add this Weight Matrix values after being 
powered by a significant number, with the posteriori 
probability (ܲ(ܥ| ܹ)) , which is calculated for each class 
when considering a new instance. This new matrix increases 
probability values for each class but for a particular class this 
value increases more and we classify the new text instance as 
a member of that class. After adding this new matrix value, the 
efficiency of this classifier increases significantly and 
somewhere gives a better result where NB fails. The posteriori 
probability value is changeable and will be more efficient with 
the increase of training examples. Let C is the set of all 
categories. The algorithms for calculating ‘Weight Matrix’ 
and how this matrix is used in testing are as given below: 

WEIGHT MATRIX CALCULATION TRAINING 

1.For each category ܿin C: 
          Let ݓ is the term for each category ܿ 
          For each ݓin ܿ: 
Let W(ܿ) is the Weight Matrix for each class ܿ. 
Set W(ܿ) :=  TF(ܿ) * ICF(ܿ) 

where, TF(ܿ) is the term frequency of term ݓ in  

class ܿ,	 
   and ICF(ܿ) is the inverse class frequency of  

term ݓin class ܿ. 
 

WEIGHTED NB TESTING: 

1.Given a test document D. 
2.Let V be the vocabulary of all words(ݓଵ,ݓଶ,……..ௐ) in D and  ݂ is the number of times ݓ occurs in D. Let, maximum  
countable frequency, ݂ = 4 ∗	
                                                                          
*f୫ୡ = 4, because it is observed that significant words don’t occur more than 
four times in a test document. ݂is changeable based on  the size and type of 
texts. 
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3.Set W(ܿ, D) :=0 
   where, W(ܿ, D) is the weight of each class ܿfor D 
4.Let, ௪݂ೕ is the frequency of term ݓ in D. 

For each category ܿ in C: 
          For each ݓ€ V: 
 If ௪݂ೕ> ݂, then: 

          Set W(ܿ, D) := W(ܿ, D)  + W(ܿ) 
          Else: 
Repeat for k=1 to ௪݂ೕ: 
          Set W(ܿ, D) := W(ܿ, D)  + W(ܿ) 
here, W(ܿ) is calculated during training for each category. 

5.Return the category: 
   argmax P(ܿ|	ܦ)= P(ܿ)∏ |ୀଵݓ)ܲ ܿ) + W(ܿ, D) ݓ is the word occurring in D at ݅௧ position  
 
 
A practical example of testing a new instance is shown below. 
We take this new instance from Entertainment class. 

Standard NB gives the following estimated posteriori 
probability values- 
 
Sports: 0.0025326876897012133 
Business: 0.002712519455458494 
Entertainment: 0.003078122415535175 
Politics: 0.0021951416864381106 
Technology: 0.0022546516651089587 
 
Now, Weight Calculation for new instance with respect to 
each class, 
for Sports class-0.0546242601911833267 
for Business class-0.024711140579482021 
for Entertainment class-0.065033581976851565 
for Politics class-0.0189186822764950014 
for Technology class-0.0238229514302171683 
 
After adding the weights with the posteriori value of Standard 
NB we get the following estimated values for Weighted NB- 
 
Sports: 0.05715694788088454 
Business: 0.027423660034940515 
Entertainment: 0.06811170439238674 
Politics: 0.021113823962933112 
Technology: 0.026077603095326127 
 
From the above analysis it can be concluded that after adding 
the Weight Matrix value the estimated value is increased as a 
result accuracy is also increased. 
 

D. Performance Measure 

We chose 100 documents randomly from bbc dataset. In 
our experiment we employed 2-fold validation, where 1st fifty 
documents are chosen for training and 2nd fifties are for testing 

and vice versa. Confusion matrix is used to describe the 
performance of Standard NB and Weighted NB. TABLE III & 
TABLE IV shows the Confusion matrix for Standard NB and 
Weighted NB when the 1st half of 100 chosen documents is 
used for training and 2nd half is used for testing (group I). 
Now, in the 2nd half documents, which is used for testing, 
there are 50 documents- 10 Sports, 10 Business, 10 
Entertainment, 10 Politics and 10 Technology. In TABLE III, 
of the 10 sports documents, Standard NB predicted that four 
are sports, four are politics and two are technology related 
text; of the 10 Business documents, Standard NB predicted that 
four are Business, four are politics and two are technology 
related documents and so on. 
 

TABLE III. Confusion matrix for Standard NB (group I) 

 

In TABLE IV, of the 10 sports documents, Weighted NB 
predicted that nine are sports, one is Entertainment related 
documents; of the 10 Business documents Weighted NB 
predicted that nine are Business, one is technology related 
documents and so on. 

TABLE IV. Confusion matrix for Weighted NB (group I) 
 

 

By comparing TABLE III and IV (group I), it can be said that 
Weighted NB can do better prediction than Standard NB. 

TABLE V & TABLE VI shows the Confusion matrix for 
Standard NB and Weighted NB When the 2nd half of 100 
chosen documents is used for training and 1st   half is utilized 
for testing (group II). In the 1st half documents there are-10 
Sports, 10 Business, 10 Entertainment, 10 Politics and 10 
Technology. In TABLE V, of the 10 sports documents, 
Standard NB predicted that eight sports, two Politics related 
documents; of the 10 Business documents, Standard NB 
predicted that five Business, four Politics, one Technology 
related text and so on. 

 

 

 Predicted class 

A
ct
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 Spor
ts 

Busin
ess 

Entertainm
ent 

Politics Technol
ogy 

Sports 4 0 0 4 2 
Business 0 4 0 4 2 

Entertainment 0 0 4 1 5 
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TABLE III. Confusion matrix for Standard NB (group II) 

 

 

In TABLE VI, of the 10 sports documents, Weighted NB 
predicted all the ten documents as sports; of the 10 Business 
documents, Weighted NB predicted that eight Business, one 
Politics, one Technology related text and so on. 

TABLE IVI. Confusion matrix for Weighted NB (group II) 

 

By comparing TABLE V and VI (group II), it can be said that 
Weighted NB can do better prediction than Standard NB. 

Most commonly performance measuring tools are used to 
verify the accuracy of our classification approach. They are- 
precision, recall, and F-measure [12] and calculations are done 
with the help of the Confusion matrices shown before. 

If A = relevant documents, B = retrieved documents, then- 

Precision= 
|⋂||| , Recall = 

|⋂|||  

and F-measure = 2*
௦∗௦ା 

 

TABLE VII & TABLE VIII shows the precision and recall 
calculation for Standard NB and Weighted NB when the 1st 
half of 100 documents is used for training and 2nd half is used 
for testing (groupI). Using the three measures for group I, we 
observe the average F-measure of Standard NB is 0.49 and 
average F-measure of Weighted NB is 0.80. 

TABLE V .Categorization Accuracy for Standard NB (group I) 

Category Precision Recall F-measure 

Sport 1.00 0.40 0.57 

Business 0.57 0.40 0.47 

Entertainment 1.00 0.40 0.57 

Politics 0.31 0.50 0.38 

Technology 0.35 0.70 0.46 

Average 0.65 0.48 0.49 

TABLE VIII. Categorization Accuracy for Weighted NB (group I) 

Category Precision Recall F-measure 

Sport 1.00 0.90 0.95 

Business 0.69 0.90 0.78 

Entertainment 0.89 0.80 0.84 

Politics 0.60 0.90 0.72 

Technology 0.70 0.70 0.70 

Average 0.65 0.48 0.80 
 

TABLE IX & TABLE X shows the precision and recall 
calculation for Standard NB and Weighted NB when the 2nd 
half of 100 chosen documents is used for training and 1st half 
is utilized for testing (group II). Using the three measures for 
group II, we observe the average F-measure of Standard NB is 
0.72 and average F-measure of Weighted NB is 0.86. 

TABLE IX. Categorization Accuracy for Standard NB (group II) 

Category Precision Recall F-measure 

Sport 0.89 0.80 0.84 

Business 1.00 0.40 0.57 

Entertainment 1.00 0.80 0.88 

Politics 0.43 0.90 0.58 

Technology 0.86 0.60 0.71 

Average 0.83 0.70 0.72 

 

TABLE X.   Categorization Accuracy for Weighted NB(group II) 

Category Precision Recall F-measure 

Sport 1.00 1.00 1.00 

Business 0.89 0.80 0.84 

Entertainment 1.00 0.70 0.82 

Politics 0.77 1.00 0.86 

Technology 0.73 0.80 0.76 

Average 0.88 0.86 0.86 
 

After measuring the average F-measure for NB and 
Weighted NB for group I and group II, it is observed that 
Weighted NB achieved the highest average accuracy(83%), 
followed by Standard NB with average accuracy of 61% when 
the training examples is minimum. Here, we use only 50 
documents for training and Weighted NB gives such a 
significant performance with this minimum number of training 
set. That concludes, if the training set in increased than 
Weighted NB will give much better performance. So, it is 
proved that with the Weight Matrix, NB gives better 
performance even if we use little training examples. 

Fig. 1 is flow chart showing the accuracy of Standard NB 
and Weighted NB. The average F-measure of Standard NB 
and Weighted NB for group I are 0.49 and 0.80. Similarly, for 
group II, they are 0.72 and 0.86. Finally, we get the average 
values of Standard and Weighted NB are 0.61 and 0.83 
respectively, considering group I and II.From this result it can 
be concluded that Weighted NB is much better than Standard 
NB. 
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Fig. 1. Average Classification accuracy for Standard NB and Weighted NB. 

VI. CONCLUSIONS AND FUTURE PLANS 

The Weighted NB approach proposed in this paperutilizes 
the most effective features set of text documents namely, 
‘Weight Matrix’ which is later added with the posteriori value 
for the classification task. It is proved that this Weighted NB 
gives significantly better performance than standard NB, even 
if it uses minimum number of training examples. Experimental 
results show that Weighted NB approach for the classification 
of text documents in five categories achieves average 83% 
accuracy when we consider 50 documents for training and 
other 50 documents for testing among 2225 documents. Here 
Weighted NB gives much better performance with the little 
number of training sets whereas normal NB gives average 
61% accuracy. After comparing the accuracy terms it is clear 
that Weighted NB is better than Standard NB considering bbc 
dataset. 

However, in this experiment we only use Weight Matrix to 
increase the accuracy of NB. Other terms also can be 
introduced to increase the accuracy and to remove unwanted 
errors. Weighted NB gives poor performance in some cases. In 
future we are willing to find out the error for which it gives 
such performance. 
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Abstract—With the advancement of technology, a surge of
research interest in cognitive radio based networks in smart
communities has been mounting. It is anticipated that CR-
enabled networks will play a vigorous role in the enrichment of
communication efficiency in neighborhood sensor area network.
This paper presents a framework for Cognitive Radio based event
anomaly detection mechanism. A skeleton for intelligent learning,
detection and decision mechanism for Local Controller Unit and
a Primary Controller Unit is also proposed and discussed in
the model. The proposed model has four distinct layers namely
sensors, routers, Local Controller Unit and Primary Controller
Unit. A scheme for emergency situation detection and notification
has been proposed. This paper also introduces a cluster formation
scheme for better accuracy in data transmission among different
hierarchical layers. The network module of the proposed model
is later simulated and validated for some important performance
communication metrics.

Keywords—Cognitive radio, Neighborhood area network,
WSN, Anomaly detection.

I. INTRODUCTION

With the development of the communication technology
and microelectronic devices, a surge of interest in designing
smart networks based on cognitive radio mechanism for smart
communities has been increasing among academics as well as
researchers. Neighborhood Sensor Area Network (NSAN) is a
variation of the Neighborhood Area Network (NAN) in smart
community and consists of the communications of smart router
units and sensors with a back-end local control center. Though
adopting wireless mesh topology can be a suitable solution for
efficient communication, to overcome the network congestion
problem and the growing demand of radio spectrum, proper
utilization of the radio spectrum is essential[1]. Cognitive radio
enables dynamic spectrum allocation technique to utilize radio
spectrum efficiently [1][2][3].
However, data delivery in sensor networks is faulty and
unpredictable [4], which lead to data anomaly. Anomaly refers
to the problem of recognizing patterns in data that do not
conform to expected behavior [5]. Anomaly detection in sensor
networks poses a set of unique challenges. A sensor network
comprises of sensors that collect different types of data,
such as binary, discrete, continuous etc. Failures in wireless
sensor networks can occur for various reasons due to fragility,
depletion of batteries or destruction by an external event.
In addition, nodes may capture and communicate incorrect

readings because of environmental influence on their sensing
components. Moreover, links in any ad hoc wireless networks
are failure-prone [6], causing network partitions and dynamic
changes in network topology. Additionally, the anomaly detec-
tion techniques need to be light- weight and in a distributed
fashion due to resource constraints [5].
For the past few years, different anomaly detection approaches
have been proposed to improve communication in wireless
networks. Most of these techniques use the machine learning
and statistical approaches for anomaly detection [7]. More-
over, these techniques can be categorized into three groups,
namely unsupervised clustering, semi-supervised classification
and supervised classification. Comparing with the other two
groups, clustering approaches exhibit higher reliability in
communication [8]. However, communication networks for
smart grids also require to consider additional parameters,
such as, application requirements, link capacity, traffic settings,
cost, scalability, etc. [9][10]. It is also observed that very
little considerations have been made for anomaly detection
in cognitive radio oriented smart community. Thus, anomaly
detection in this area remains to be at the infant stage.
In this paper, a framework for cognitive radio based anomaly
detection mechanism in smart communities has been proposed.
A conceptual architecture with a wireless hybrid topology has
been proposed to integrate sensing, computation and decision-
making for enabling efficient detection of anomaly. In the
proposed model, two distinct types of anomaly detection
mechanism using Exponentially Weighted Moving Average
and Anomaly factor based on Brier’s Score are proposed.
The remainder of this paper is organized as follows. Section
II demonstrates the abstract and deployment view of the
proposed framework. In Section III, simulations results are
presented and discussed. The paper ends with Section IV,
where this section presents conclusion and future works.

II. PROPOSED FRAMEWORK

A. System architecture

The proposed model consists of five levels of hierarchy
namely sensors, routers, local controller unit (LCU), Database
layer and primary controller unit (PCU). The first layer of the
architecture is composed of hundreds of sensors situated in
the street areas are grouped into clusters, sending their data
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directly to routers. Sensors are assumed to be dispersed in a 2
dimensional space and are quasi-stationary. Sensors transmit at
the same fixed power levels, which is dependent on the trans-
mission distance. It is assumed that the energy consumption
among nodes is not uniform. The routers, the second layer of
the architecture, are responsible for transmitting the received
data to the LCU. The third layer is LCU, a test and control
unit that is responsible for applying control over the routers
and sensors. Routers and the LCUs are connected via wireless
mesh network in a multi-hop manner. The forth layer is the
Database layer that will store the aggregated data received
from layers below, and feed the PCU with collected data. PCU
and the LCUs keep databases of unusual behaviors of different
devices at different levels of the hierarchy. The databases are
used to predict damages or determine emergency situation
levels.
In the proposed model, each node at a level of the hierarchy
sends control message to the node of upper level or among
themselves. The control message is used for connection set up,
cluster formation, message delivery completion, instantaneous
data fetch command, etc. Information messages transmitted
and received among nodes are defined as sensed data from
the terminal sensor devices, combined data from Nodes to
routers, combined data from routers to LCU and Filtered and
combined data from LCUs to PCU. A Primary Controller Unit
(PCU) is proposed to be placed in the network for data storage,
processing and decision making. It is the top layer and applies
control over the entire neighborhood area. It accesses sensing
units directly in emergency situations, or indirectly through
the DB layer in normal conditions.
Data packet, in the model, follows a basic structure consisting
of sender node id, information, destination id, hop count,
timer, sequence number etc. The routing path for source to
destination is determined by the greedy forwarding algorithm.

B. Network model

Each grid is proposed to be hexagonal in shape and is
divided into six sub-grids. The proposed environment is a mesh
network in which the LCU is located at the center of the grid
to make LCU-router and LCU-LCU communication easier.
According to the proposed model, one LCU can serve six sub-
grids and is efficient for installation costs and maintenance.
The topology ensures equidistant LCUs in a community. The
connection between the router and the terminal sensor nodes is
set by a control message sent by the router. Upon reception of
the message by the sensor node, an acknowledgement message
is sent to the router and connection is established. This process
continues until all nodes of different clusters are connected
to the router. The router collects the data from the cluster
of nodes, verifies and uploads the data to the LCU. Unable
to connect, the router waits for a threshold time and tries
again. After trying for a threshold number of attempt, the
router takes a log of the nodes along with the associated data
and sends notification to the LCU and waits for instructions.
The connection establishment mechanism between LCU and
router is similar to the connection between the sensors and

router. LCU receives data from the router and analyses data
of that router. If the data complies with the database, LCU
keeps the data for threshold time and then rejects it. If the
data varies from the threshold, LCU finds out the problem
node or the cluster. Appropriate commands from the database
are selected and sent it to routers as a counter-measure. If
appropriate commands are not found in LCU’s database for
a specific event, a control message along with the data is
sent to PCU for analysis and counter-measure. PCU receives
information data from the LCUs in a community. Depending
on the variance of the data, it sends command to LCU or
put the system into a warning state. Figure 1 illustrates the
hierarchical data processing of the proposed model.

Fig. 1: Flow chart of data movement in the proposed network.

C. Detection mechanism

In the sensor receiver, the returning signal comprises the
wanted data and the unwanted niose. The router determines
whether point anomaly has occurred in nodes i.e. an individual
data instance that can be considered as anomalous with respect
to the rest of data. To determine point anomaly, router calcu-
lates the Exponentially Weighted Moving Average (EWMA)
of each nodes which acts as the baseline or the reference model
for each node. Let Θ ≤1 denote a constant and ζt is the mean
of data value at time t, the Exponentially Weighted Moving
Average (EWMA) [11] of a node Γt is,

Γt = Θζ + (1−Θ)Γt−1 (1)

The EWMA value changes with time as it depends on the
previous value. However, if the data value of a node crosses
EWMA by a threshold value, the router recognizes the event as
important and sends command to LCU for further instruction.
Figure 2 illustrates a basic detection of point anomaly of a
node.
LCU maintains network through techniques that operate in
a semi- supervised mode and it is assumed that the training
data has been labeled for instances for only the normal class.
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Fig. 2: Detection of point anomaly.

The LCU checks if a collection of related data instances from
routers is anomalous with respect to the entire data set. If so, it
marks it as a collective anomaly and checks for problem node
or router in divide and conquer manner i.e. going through each
division of the router. On each division, based on [12], LCU
uses hyper-ellipsoids for k dimensional inputs for calculating
Radial Basis Function for the Multi Layer Parametric approach
in case of data classification. .
Let wjk be the vector of weights of the node from the LCU,
Φ(.) be the activation function and ||x−µj || be the Euclidean
distance, then the Response Function of system, τk can be
defined as,

τk =

m∑
j=1

wjkΦ

(
∥x− µj∥

σj

)
(2)

where m ∈ N is the number of nodes where N is the set of
natural numbers, µj(x) is the centroid of the network and σj

is the smoothing factors which may vary depending on the
distance.
The activation function which shapes the network system is
selected to be Gaussian Radial Basis Function (RBF). Let d be
the dimension of data from an input and σ2

j (x) be the variance,
then the RBF, Φ can be defined as,

Φ(t|x) = 1

[2π]
d
2 σk

j (x)
e
− ∥t−µ(x)∥2

2σ2
j
(x) (3)

For generality, it is assumed that the smoothing factors σj

are equal for all nodes. Based on validation, LCU assigns an
anomaly factor for each router through which anomaly can
be detected. Inspired from Brier’s Score, the factor δ can be
expressed as,

δ =
1

N

N∑
t=1

(αt − βt)
2 (4)

Where αt is the category of the anomaly, βt is the outcome
of the observation at time t and N is the total observa-
tion. Depending on the variance of the output, LCU decides
commands from the database or sends data to PCU. During
warning state, an emergency protocol command from PCU is
carried out to routers via LCU to monitor specific regions. In
such case, a new cluster of nodes is formed to focus on a
specific region and the nodes can bypass normal procedures

and directly send data to other routers and LCUs for accuracy
and effective data transmission. In emergency situations, each
node in every level is capable of sending some emergency
messages to other nodes. This type of message includes in-
stantaneous information of node, connection hierarchy bypass
message, power messages which include emergency shutdown,
emergency network buildup, system restoration messages etc.
PCU retrieves data from that region more frequently and
calculates the data variations. Depending on the variation of
data, the PCU turns off the state, puts the system on halt or
sends alarm to house owners and local authority and stores
the data in database for future decisions.

D. Cluster formation

The proposed clustering mechanism is inspired from the
clustering scheme for cognitive radio ad-hoc network in [3].
In the existing clustering mechanism, cluster-head selection is
based upon a parameter called cluster-head determining factor
(CHDF) where CHDF of a node is calculated over number of
common channels and number of neighboring nodes.

Fig. 3: Connectivity graph of a CRN with the accessible
channels’ sets in the brackets.

Fig. 4: Bipartite graph constructed by node.

Fig. 5: Maximum edge biclique graph of node.

The proposed cluster formation stage starts once nodes in
the network finish the neighbor discovery process. Next, the
nodes share accessible channel lists (ACLs) Ci and neighbors
list Ni among 1-hop neighbors (where i = 1, 2, 3 n). The

158 



Fig. 6: Cluster-head, Secondary Cluster-head and Cluster
Member selection.

proposed clustering scheme is defined as a maximum edge
biclique problem. Based on neighbor list Ni and accessible
channels list Ci, each CRi constructs an undirected bipartite
graph Gi (Ai, Bi, Ei). Here, Ai = CRi ∪ Ni, and Bi=
Ci. An edge (x, y) exists between vertices x ∈ Ai and y ∈
Bi if y ∈ Ci, i.e., channel y is in the channel list of CRi.
From the bipartite graph, each node in the network constructs
its own maximum edge biclique graph. From the maximum
edge biclique graph, node determines new Ci and Ni values.
The proposed clustering scheme aims to allocate maximum
number of free common channels per cluster with suitable
amount of member nodes. A parameter called Cluster Head
Determination Factor (CHDF) is used to select cluster heads.
Every CR calculates CHDF based on equation (5).

CHDF =
Ci

√
Ci

Ni ; i = 1, 2, 3, . . . (5)

Where, Ci is number of free common channels and Ni is
the number of neighboring nodes of CRi. A node declares
itself as cluster head if its own CHDF value is higher than
all its neighbors. Once the CHDF value of a node CRi is
lesser than any of its neighbor, CRi joins the neighboring node
that has the highest value as cluster member (CM). After the
cluster formation, CH selects SCH from the CMs based on the
CHDF value. The SCH takes charge of the cluster if current
CH moves out, which shrinks the possibility of re-clustering.

III. SIMULATION AND RESULTS

A. Simulation setup

To simulate and analyze performances namely throughput,
delay and routing overhead of the proposed network model for
the proposed network model, discrete-event simulator NS2 has
been used and the performance analysis are conducted using
PERL scripts.
A simulation area of 10000 m3 is considered for the simulation
purpose. Drop-tail method is used for the queuing purpose.
IEEE 802.11 is considered as the MAC type and TCP is
considered for Transport Layer. Maximum packet queuing
delay is considered as 50 µs. In the simulation, AODV is
used as the routing protocol while data traffic is generated
with Constant Bit Rate (CBR) with packet size is set to 512
bytes. Varied packet rate ranging from 100 packets/sec to 800
packets/sec is considered to evaluate the performance of the
network for different traffic load. The number of nodes is

considered to be 100. Initial energy for all nodes is considered
to be 100 Joules. The simulations are run for 240s each.

B. Evaluation

This section of the paper discusses the simulation results of
the proposed model in terms of throughput, energy consump-
tion, delay and overhead.

1) Performance based on Throughput: In this paper,
throughput is defined as the number of successfully received
data packets at the destination node in a unit time and it is
represented in Kbps.

Fig. 7: Throughput for the proposed network.

Figure 7 shows that with an increasing traffic load, through-
put for all scenarios increases. However, throughput is higher
in the network with the longer radio transmission range,
than the other radio transmission ranges for all different data
flow rates. This is because; a network with longer ranged
transmission finds lesser number of hops to transmit packets
to the destination. Thus, with decreasing number of hops,
number of links throughout the network, probability of link
failure and rate of packet retransmission reduce significantly.
Therefore, with higher transmission range, throughput of the
network increases for all different traffic loads.

2) Performance based on Packet Delivery Ratio: In this
paper, the packet transmission delay is defined as the average
time required for transferring data packets from the source
node to the destination node. Packet delivery ratio is expressed
in percentage.

Fig. 8: Packet delivery ratio for the proposed network.

From the figure, it is observed that the packet transmission
delay increases with increasing data flow rate in both scenarios
because when traffic load is increased, more data packets need
to be transmitted from the source to the destination node. As
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a result, the intermediate nodes are required to process more
packets which eventually increases individual data processing
sessions among the nodes. Thus, when higher number of
packets propagates, source node and the intermediate nodes
need longer time to forward the packets to the next hop, which
increases the cumulative packet transmission delay. Moreover,
lesser number of intermediate nodes is engaged to forward
the data in long transmission ranged network, which results
lesser data processing sessions. Therefore, a network with long
transmission ranged radios results lesser packet transmission
delay than that of a network with short transmission ranged
radios.

3) Performance based on Overhead Ratio: The network
overhead is defined as the total transmitted control packets
over total received data packet at the destination node.

Fig. 9: Overhead ratio for the proposed network.

From the figure, it is seen that the overhead ratio increases
with increasing data flow rate in both scenarios. Increase in
data rate means nodes need to process more data packets
individually which eventually results in reduction of a node’s
efficiency for packet forwarding. It is also observed from Fig.
7 that the overhead ratio is lesser in a network with longer
radio transmission ranged network compared to the network
with shorter radio transmission ranged network for all different
traffic loads. That is because, in a shorter radio transmission
ranged network, more nodes will have to process increased
traffic load and as a result, retransmission of data packets
due to exceeding node’s capacity to process data packets will
increase which eventually increases number of transmitted
control packets.

IV. CONCLUSION

In this paper, a framework for cognitive radio based event
anomaly detection mechanism in neighborhood sensor area
network has been proposed. A concept of adapting expo-
nentially weighted moving average for point anomaly and
anomaly factor for cumulative anomaly has been outlined
and a clustering scheme for emergency situations has been
proposed. The next research project will involve designing a
robust algorithm for labeling anomalies and system optimiza-
tion as well situation handling mechanism.
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Abstract—Recommender system refers to an information sys-
tem that predicts the intuition of user observing behavior of all
the users. Collaborative filtering is an approach in recommender
system which produces recommendations based on similarity as
well as knowledge of users’ relationships to items. In this paper,
we combine some traditional similarity metrics to find three
types of similar users which are super similar, super dissimilar
and average similar. We also introduce a new similarity metric
which is used in case of average similar user pairs effectively.
Finally we evaluate the proposed method for recommendation by
experimenting with real data of Movielens as well as Epinions.
Thus we can conclude that our proposed similarity metric paves
the way to take a comprehensive approach towards user-based
collaborative filtering recommender system and performs better
than other traditional similarity metrics.

Index Terms—Machine Learning; Recommender System; In-
formation Retrieval; User-Based Collaborative Filtering.

I. INTRODUCTION

The usage of World Wide Web is growing at an exponential
rate. In order to meet users preference the the complexity of
website is increasing. Today the huge amount of information
in online make people puzzled on selection of some criteria.
However the behavior of users can be tracked by the web
browsing. Thus, Recommender systems can be used to cate-
gorize those information and recommend some sorts of acts
after further processing. Such acts include preferable videos
in Youtube,books in Amazon, friend finder in Facebook.

A recommender system is an information system that
is used to predict the best items or products to the users
according to their past behavior and possibly using other
kinds of data [1]. By using that rating recommender system
produces a rating model, then by using that rating model
recommendation has been made to the users for further items
according to the user preferences. To make predictions about
a user’s interests recommender system has to learn a user
models. Thus, collaborative filtering select items based on the
similarities between the preferences of different users which
is discussed in [2].

The novelty of this work lies in designing a collabora-
tive filtering recommender system model for the purpose of
recommendation by using super similar and super dissimilar
terminology and for average similar term using our proposed
similarity metric. We take all popular similarity metrics for

computing the support matrix. For a user, the support matrix
provides us a decision of super similarity, average similarity
or super dissimilarity among all other users. Here, we have
considered the users preference that changes over time, as well
as we have taken the confidence among users into account. The
results that we have shown in performance evaluation chapter,
show that our proposed recommender system along with this
similarity model achieved better performances compared to
state-of-the-art similarity metrics in terms of average mean
absolute error, coverage, precision and recall.

II. MOTIVATION

Capturing user preferences is a gigantic task. Simply ask-
ing the users what they want is too intrusive and prone to
error, yet monitoring behavior unobtrusively and then finding
meaningful patterns is difficult and computationally time con-
suming. Capturing accurate user preferences is however, an
essential task if the information systems of tomorrow are to
respond dynamically to the changing needs of their users. The
motivation that we discuss here also takes a different stance
to the general context of information filtering. As above, a
vast amount of available content is assumed to already exist;
the motivation of filtering is used to heightened user activity
(which often translates to increased revenue for web-based
businesses). Building tools like recommender systems, that
offer personalised views of a web site’s content to visiting
users, encourages people to actively engage with the site:
two thirds of the movies rented by Netflix.com were recom-
mended, Google news recommendations result in 38% more
clickthroughs, and 35% of the product sales on Amazon.com
were recommended items [3]. Thus, we are trying to create a
new similarity metrics considering this fact with the concept
of confidence based similarity, and empirically evaluates the
benefits associated with this approach compared to some
traditional approach.

III. RELATED WORK

Over the last few years, research into recommender systems
has evolved: the particular target scenarios that have been
explored have mirrored changes to the way people use the
Internet. In the early 1990s, the first filtering system, Tapestry,
was developed at the Xerox Palo Alto Research Center [4].
Similar concepts were later applied to Usenet news by the
GroupLens research project, which extended previous work

2016 International Workshop on Computational Intelligence (IWCI)
12-13 December 2016, Dhaka, Bangladesh

167

mk64
Typewriter
978-1-5090-5769-6/16/$31.00 ©2016 IEEE



by applying the same principles to the Internet discussion
forum, which had become too big for any single user to
manage [5]. The initial success that recommender systems
experienced is reflected in the surge of e-commerce businesses
that implement them; Schafer et al. review and describe a
number of mainstream examples [6], [7]. The cited sites,
like Amazon and CDNow, implement recommenders to build
customer loyalty, increase profits, and boost item-cross selling.
The technology behind the web can be characterized as an
information system composed of agents [8]. In the recent
years, online recommender systems have begun to provide a
technological proxy for this social recommendation process
[9]. Recommender systems (RS) [10] are used in a variety of
applications. Examples are web stores, online communities,
and music players. Products can be based on the top overall
sellers on a site, on the demographics of the consumers, or on
an analysis of the past buying behavior of the consumers as a
prediction for future buying behavior.

It is important to note that recently CF technologies with
content based filtering technologies are usually integrated to
provide powerful hybrid filtering solutions. Successful re-
search has been done in projects like GroupLens [11], [12],
Ringo [13], Video Recommander citeHSRF95 and MovieLens
[14]. A variety of memory-based CF systems have been
developed [15]. The Pearson correlation co efficient was used
in GroupLens [12]. The Ringo project [13] focuses on testing
different similarity metrics, including correlation and mean
squared difference. Breese et al. [16] propose the use of
vector similarity, based on the vector cosine measure often
used in information retrieval systems. Lately, researchers have
introduced dimensionality reduction techniques to address data
sparsity [17], but as pointed out in [18], [19]. The resulting
model of model-based CF systems is usually very small,
fast and essentially as accurate as memory-based methods
[16]. Combining separate recommendation approach imple-
ments content-based and collaborative techniques separately
and combines their predictions [20] [21], [22]. A Recent study
regarding user similarity computation for Collaborative Filter-
ing Using Dynamic Implicit Trust [23] is also noteworthy.

Among the recent works, advances in collaborative filtering
[24], user-based collaborative filtering for tourist attraction rec-
ommendations [25], an evolutionary approach for combining
results of recommender systems techniques based on collab-
orative filtering [26] and an recommendation algorithm based
on weighted Slope one algorithm and user-based collaborative
filtering [27] are really concise and praiseworthy.

IV. METHODOLOGIES

In this research, we present our proposed support matrix that
has been made from standard traditional similarity metrics.
Through support matrix for a user we can cluster the group of
users those who are super similar, average similar and super
dissimilar. And then using our proposed similarity metrics we
have calculated the rating for an item to an individual user.
Then we select the top-N items for recommendation to a user.

A. Comparative Analysis of Traditional Similarity Metrics

Some flaw of Traditional Similarity Metrics [28] has been
stated below:

• Low similarity regardless of the similar ratings by two
users.

• High similarity regardless of the difference between the
two users ratings.

• Ignoring the proportion of common ratings will lead low
accuracy.

• Discarding the absolute value of rating will become
difficult to distinguish different users.

• The combination of Jaccard and MSD can make up for
the partial shortages of Jaccard and MSD.

• By taking into account all of the problems, no solution
exist currently.

B. Motivation Towards Support Count

We have already analyzed the drawbacks of the traditional
similarity measures and the improved variants. In most of the
recommender systems, most users only rate a small number
of items. In order to improve the recommended accuracy,
we propose a support matrix model. For our cases we have
taken only N=8 traditional similarity model into account so it
provide us much more accurate and precious recommendation
compared to the state of the art works.

C. Computing Support Matrix

In our experimentation we have used 8 different similarity
metrics; PCC, SPCC, CPCC, ACOS, COS, JMSD, MSD and
Jaccard [28]. There has been varieties of literature on these
measures reporting their individual performances.

Another important fact regarding all of those individual
similarity metric is that some provide good performance for
some items or users but for rest of them might not follow this
fact. Again some other work well in some other situation. So in
total each of the individual performance have been combined
to our support matrix. The algorithm of the support matrix
also has been given in 1.

D. Similarity Analysis

From the algorithm 1, we get a support count between
every possible users. Since we use 8 similarity metrics, so
if we can find support count 8, that means all of the similarity
metrics provide the decision of super similarity. Again, if we
can find support count 0, that means non of the similarity
provide similarity value greater than their median value, which
implies the super dissimilarity. So, By analyzing this effect
we can classify it as super similarity, average similarity, and
super dissimilarity. For the case of super similar user pairs, we
calculate the rating by setting the highest similarity between
the users. Accordingly, for the super dissimilar user pairs we
use a negative similarity. Finally, for the average similar user
pairs we use the proposed confidence based similarity for the
purpose of better computation.
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Algorithm 1 Support Matrix Algorithm
INPUT: Train Data Sets.
OUTPUT: User-User Support Matrix.

1: for all x ∈ U do
2: for all y ∈ U do
3: SupportMatrix(x,y) ← 0
4: end for
5: end for
6: for all SimilarityMetric ∈

TraditionalSimilarityMetrics do
7: for all x ∈ U do
8: for all y ∈ U do
9: sim(x,y) ← CalculateSimilarity(x,y)

10: end for
11: end for
12: median← CalculateMedian(Similarity(x,y))
13: for all x ∈ U do
14: for all y ∈ U do
15: if sim(x,y) >= median then . Similarity

above Median
16: SupportMatrix(x,y) ←

SupportMatrix(x,y) + 1
17: end if
18: end for
19: end for
20: end for

E. Confidence Based Similarity Computation

In this paper, we have proposed a confidence based simi-
larity. We have already known to the confidence between two
users. Confidence expresses the reliability of the affiliation
between the users based on the number of co−rated items and
influenced when the amount of co−rated items are changed.
Confidence specify that a user is more reliable if his/her
additional co−rated items are available in the system and
the degree of reliability of an affiliation is influenced by the
changes amount of co−rated items between the users. The
confidence between the users is determined as the target user
Ua is confident on recommender Ub as follows:

Confidence(a,b) =
Ia ∩ Ib

Ib
(1)

Where Ia ∩ Ib represent the amount common items rated
by both user and Ib denotes the total amount of items that
recommender Ub rates in the system.

Now from other perspective, The confidence between the
users is determined as the target user Ub is confident on
recommender Ua as follows:

Confidence(b,a) =
Ia ∩ Ib

Ib
(2)

Now, if we closely analyze the case is that, user Ua is
confident on recommender Ub as well as user Ub is confident
on recommender Ua, we can combine the confidence among

them. So, the proposed similarity method that we named as
Confidence Confidence Similarity is :

CCS(a,b) = Confidence(a,b) ∗ Confidence(b,a) (3)

CCS(a,b) =
(Ia ∩ Ib) ∗ (Ia ∩ Ib)

Ia ∗ Ib
(4)

But one important fact is that , In some case some of the
users tend to rate low, even they like the items very much. That
is not taken into account in our Confidence Confidence Sim-
ilarity method. So we have proposed our Preference Network
below.

F. Preference Network

The Confidence Confidence Similarity (CCS) only considers
the proportion of common rating, and does not consider
the absolute value of rating. This leads to the difficulty of
distinguishing between the users. Again, Mean Squared Dif-
ference (MSDresnick′s) only calculates the average difference
between both users at current time, but ignores the proportion
of common ratings. This may lead to the low accuracy.
We have known the above mentioned similarity and theirs

Algorithm 2 Preference Network Algorithm
INPUT: Train Data Sets.
OUTPUT: User-User Similarity of Preference Network.

1: for all x ∈ U do . Calculate MSD
2: for all y ∈ U do
3: MSDresnick′s

(x,y) ← CalculateMSD(x, y)
4: end for
5: end for
6: for all x ∈ U do . Calculate CCS
7: for all y ∈ U do
8: for all i ∈ I do
9: if rx,i ∈ TrainDatar then . Calculate Time

Difference
10: Numerator ← Numerator + 1
11: end if
12: end for
13: ConfidenceSimilarity(x,y)) ←

Numerator2/(ix × iy)
14: end for
15: end for
16: for all x ∈ U do . Calculate Preferred Network
17: for all y ∈ U do
18: PreferredNetwork(x,y)) ←

ConfidenceSimilarity(x,y)) ×MSDresnick′s
(x,y)

19: end for
20: end for

problem. Now we make a preference network by combining
the time based MSD similarity and our the CCS similarity by
the following formula 5. The combination of CCS and time
based MSD can make up for the partial shortages of CCS and
MSD. The algorithm of the preference network has been given
in Algorithm 2.
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Preference(a,b) = MSDresnick′s
(a,b) ∗ CCSa,b (5)

G. Proposed Prediction Method

For prediction purpose in the classical collaborative filtering
prediction , with similarity defined in our own way. To
calculate the predicted rating pix for user x of an item i,
the following Deviation From Mean (DFM) as aggregation
approach is used in traditional system:

pix = r̄x +

∑
n∈kx

[sim(x, n)× (rin − r̄n)]∑
n∈kx

sim(x, n)
(6)

If we separate the deviated term (offset) it looks like :
For the user x ∈ U and item i ∈ I the offset

offsetu,i =

∑
n∈kx

[sim(x, n)× (rin − r̄n)]∑
n∈kx

sim(x, n)
(7)

Now we introduce three offset term, For Super Similar Users.

SSOx,i =

∑
n∈kx

[superSimilarity(x,n) × (rin − r̄n)]∑
n∈kx

superSimilarity(x,n)
(8)

For Average Similar Users.

ASOx,i =

∑
n∈kx

[Preference(x,n) × (rin − r̄n)]∑
n∈kx

Preference(x,n)
(9)

For Super Dissimilar Users.

DSOx,i =

∑
n∈kx

[superDissimilarity(x,n) × (rin − r̄n)]∑
n∈kx

superDissimilarity(x,n)
(10)

But for our use, Using this function we propose an Algo-
rithm 3 for prediction purpose which provide more accurate
prediction.

V. EXPERIMENTATION

A. Experimental Setup

For our research purpose we actually focus on offline
analysis.We use two datasets, Movielens and Epinions for the
experimental purpose.

1) Movielens Dataset: The two data sets of MovieLens
(http://www.movielens.umn.edu) and Epinions are used in our
experiments. The first MovieLens dataset is called ML−100K,
there are 100,000 ratings with 943 persons and 1682 movies.
Another is ML−1M, it includes 6040 users and 3952 movies
with 1,000,209 ratings. In both data sets, each person has rated
at least 20 movies. The user profile includes age, sex, and
profession. The movie includes 19 types. The density of the
user−item matrix is 6.3% in ML−100K and 4.1% in ML−1M.
For our experimentation we use ML−1M.

Algorithm 3 Prediction algorithm , for each of the item for a
user rx,i

INPUT: Train Data Sets, Test Data Sets.
OUTPUT: Predicted Rating.

1: function CALCULATESIMILARITY(x, n)
2: for all x ∈ U do
3: for all n ∈ U do
4: Sx,n ←CALCULATESUPPORTMATRIX(x, n)
5: simx,n ←CALCULATEPREFSIMILARITY(x, n)
6: end for
7: end for
8: end function

1: for all rx,i ∈ TestData do
2: for all n ∈ U do
3: if rn,i ∈ Tr then
4: if Sx,n >= Max then . Here, Max = 5, For

All Super Similar Users
5: offsetx,i ← offsetx,i + SSOx,i

6: end if
7: if Sx,n = Avg or Sx,n = Min then . Here,

Avg = 4, Min = 3, For All Average Similar Users
8: offsetx,i ← offsetx,i + ASOx,i

9: end if
10: if Sx,n < Min then . Here, Min = 3, For

All Super Dissimilar Users
11: offsetx,i ← offsetx,i + DSOx,i

12: end if
13: end if
14: end for
15: rx,i ← r̄x + offsetx,i
16: end for

2) Epinions Dataset: Epinions data set is collected from
(http://www.epinions.com). Epinions founded in 1999 is a
product and shop review site where users can review items
(such as movies, books, and software) and users can also
assign items numeric ratings in the range 15. The Epinions
data set consists of 49,289 users who have rated a total of
139,738 different items at least once. There are 40,163 users
who have rated at least one item. The sparseness of the data
set is hence more than 99.99%.

TABLE I
MAIN PARAMETERS OF THE DATABASE USED IN THE EXPERIMENTS

Datasets Users Items Rating
Range

Time

Movielens 6040 3952 1-5 In second
Epinions 49289 139738 1-5 In second

B. Experimental Evaluation

1) Identify Metrics: Throughout the years, recommender
systems and other information filtering systems have been
measured using a variety of metrics. The most commonly
used metrics include mean absolute error, precision, recall
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and coverage. Each metric has its strengths and weaknesses
with respect to the task that is identified for the system.

Mean absolute error (MAE) belongs to a group of statistical
accuracy metrics that compares the estimated ratings against
the actual ratings. More specifically, MAE measures the av-
erage absolute deviation between a predicted rating and the
user’s true rating.

MAE =

∑na

i=1 |ra,i − pa,i|
na

(11)

Coverage is the percentage of the total data that were
accurately predicted. For our cases, the more we predict
an item with higher accuracy the more we increase the
coverage of recommendation. The precision is the proportion
of recommended items that the testing users actually liked in
the testing set. This measure is also as high as possible for
good performance. The precision is computed as follows:

Precision =
n

topN
(12)

The recall score is the average proportion of items from
testing set that appear among of the ranked list from the
training set. This measure should be as high as possible for
good performance. Assuming MT is the number of items
which are in the testing set and liked by the active user, n is
the amount of items which the testing user likes and appears
in the recommended list. Hence, the recall is computed as
follows:

Recall =
n

MT
(13)

If we round the the calculated rating for the prediction purpose
then we can predict an item closely to the users test rating that
are given by the users.By rounding we got more accurate result
than previous non rounding information.

2) Performance Evaluation: Here we show the results
obtained using the databases specified in Table I. Figs. 1 and
2 show respectively the results obtained with Movielens and
Epinions. As may be seen in these figures, the results obtained
for all the quality measures (MAE, coverage, precision and
recall) with our proposed method are better than that the ones
obtained with the traditional metrics. For each of the user
we have a set of users those who are similar too closely. By
using the support matrix of all traditional similarity measures
we compute the super similarity score. We have shown that
MAE values we obtain for setting different values for super
dissimilar users keeping the similarity value for super similar
users constant. After selecting the super similar and super
dissimilar user pairs the remaining part of the users are kept as
average similar user.User preferences have been changed over
time. So, by considering this fact we calculate our similarity
metrics.

Graphic (i) in Fig.1 implies that the MAE error ob-
tained for Movielens when applying Pearson Correlation
Coefficient(PCC), Constraint Pearson Correlation Coeffi-
cient(CPCC), Cosine Similarity (COS),Jaccard Mean Squared

Deviation (JMSD) and our proposed method named as Prefer-
ence Similarity(Pref) . The our method leads to fewer errors,
particularly in the case of when we use 90 percent of data as
a training set. Since, at this case for training purpose we got
enough data to train properly. Graphic (ii) informs about the
coverage obtained. As may be seen, our method can improve
the coverage from any other metrics. In relation to any tradi-
tional metric used. This fact must be emphasized since the new
latter similarity metrics which are usually proposed improve
the MAE while resulting in a worse coverage. Graphics 1c
and 1d inform respectively about the precision and recall.
These quality measures are improved for any value used in
the number of recommendations, N. Consequently, the GA
method improves not only the accuracy and the coverage, but
also provides better recommendations.

(i) AMAE (ii) Coverage 

(iv) Recall (iii) Precision 

Fig. 1. Result using Movielens Dataset

3) Result Using Movielens DataSet: Graphic 1(i) informs
about the MAE error obtained for Movielens for different
metrics. Graphic 1(ii) implies about the coverage obtained.
Our method can improve the coverage from any other metrics.
In relation to any traditional metric used, this fact must be
emphasized since the new latter similarity metrics which are
usually proposed improve the MAE while resulting in a worse
coverage. Graphics 1(iii) and 1(iv) indicates respectively about
the precision and recall. These quality measures are improved
for any value used in the number of recommendations, N.
Consequently, the GA method improves not only the accuracy
and the coverage, but also provides better recommendations.

4) Result Using Epinions DataSet: Graphic 2(i) in Fig. 2
informs about the MAE error obtained for Epinions dataset
when applying Pearson Correlation Coefficient(PCC), Con-
straint Pearson Correlation Coefficient(CPCC), Cosine Simi-
larity (COS),Jaccard Mean Squared Deviation (JMSD) and our
proposed method named as Preference Similarity(Pref). Graph
2(ii) implies the coverage value. But most importantly the fact
is that in case for precision and recall, our method improves
its results in both case. This fact must be emphasized since

2016 International Workshop on Computational Intelligence (IWCI)
12-13 December 2016, Dhaka, Bangladesh

171



the new latter similarity metrics which are usually proposed
improve the MAE while resulting in a worse precision and
recall. In order to recommend an item to a user we always
recommend the top most 10 or 20 item that he/she would be
like most.For that case our method successfully predict the
item above another traditional metrics.

(i) AMAE (ii) Coverage 

(iv) Recall (iii) Precision 

Fig. 2. Result Using Epinions DataSet

So, we are being able to show that our performance is quite
good enough for the most used Movielens dataset . But for
the case of Epinions we show that although our prediction not
too accurate for the low rating (this might be ∈ [1,3]) but for
the topN recommendation it can being able to predict better
than the another traditional similarity metrics.

VI. CONCLUSIONS

This paper has presented a new similarity along with the
concept of super similarity, average similarity and super dis-
similarity. At the time of prediction for a user, firstly we cluster
from all user those who are super similar, average similar or
super dissimilar ,Secondly by using our own similarity metrics
along with the stated approach we predict the rating. After
predicting all item we choose the top-N recommendation for
the users that he/she might like that item or not. We have
improved our performance over traditional similarity metrics
to some acceptable amount.
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      Abstract—In cognitive radio network (CRN) three types of 
spectrum sensing techniques are widely used: matched filter 
detection, cyclostationary detection, and energy detection. 
Matched filter detection technique provides maximum SNR at 
receiving end but the detector need to be matched with the input 
signal i.e. impulse response of the system need to be made as the 
delayed version of mirror image of input signal. If the 
modulation scheme and window function of baseband signal of 
primary user (PU) is not known to a secondary user (SU) then it 
is difficult to use matched filter detection. In this paper we only 
consider cyclostationary detection and energy detection of their 
simplicity compared to matched filter detection. Main focus of 
the paper is to measure the probability of successful access and 
corresponding delay of a SU in CRN. We found that energy 
detection technique is better compared to cyclostationary 
detection. 
 

Index Terms—Mean delay; probability of false alarm; SNR; 
matched filter detection and Winner filter detection. 

I. INTRODUCTION 

     Recently, cognitive radio network (CRN) is getting huge 
attention due to its nature of accessing the spectrum 
opportunistically which is considered as the solution of the 
underutilized spectrum access problem. In CRN the secondary 
user (SU) senses the spectrum to find a hole before trying to 
transmit anything [1].Appropriate sensing time of information 
is essential to make sure whether a user is present or not in 
CRN. Different types of detection algorithms are used to sense 
the presence of PU and SU to reduce the spectrum conflict of 
PU and SU.  The accuracy of sensing is call   requirement to 
accurate sensing which provides successful access operation 
of CRN. For known condition, energy detection (symbolically 
expressed as ED) technique of [2-4] is the simplest way of 
sensing. Actually the threshold value of received signal 
energy is the key parameter of ED. If the energy of received 
signal is greater than the threshold then the detector assumes 
the presence of a user otherwise the physical channel is free. 
A cognitive user is permitted to transmit signal if the spectrum 
and time slot of the corresponding physical channel is found 
free. If the sensing time of a detector is kept larger the 
detection accuracy becomes higher but speed of the network is 
deteriorated. Therefore, several studies have been done 
regarding optimal spectrum sensing time [5-7]. No matter how 

precisely spectrum sensing is done or whatever technique is 
used for spectrum sensing, there is always a probability of 
detecting the presence/absence of PU falsely which affects the 
spectrum sensing time.In [7], the ROC curves are shown to 
present the false alarm measurement against the spectrum 
sensing time. The spectrum handoff may be performed for the 
condition where multiple SUs trying to access in the same 
spectrum band. When several SUs tries to use the spectrum at 
the same time, they struggle to get access opportunity. One of 
the simplest technique of channel access is the combination of 
RTS (Request To Send) and CTS (Clear To Send) used in 
Internet and wireless LAN under IEEE 802.11. This scheme is 
proposed for channel access by SUs in [8-9]. In this scheme, a 
RTS packet is send by a node to an access point (AP).Access 
point is responsible to provide a clear signal for accessing the 
required channel. After getting the RTS packet, AP checks 
whether another node is also sending an RTS packet. If there 
is no available RTS packet without the first one, the AP 
announce a CTS packet for the all node and broadcast it to get 
the acquire channel for a specific node.  
     In [10], authors provides the way to minimize the access 
delay of  a user when many SUs try to access the traffic 
channel at the same time. In Cyclostationary detection method, 
cycle frequency domain profile is used in the existence of low 
signal to noise ratio (SNR) and interference, which helps to 
increase spectral efficiency [11-12]. To detect the spectrum of 
primary user, the most essential requirement for 
cyclostationary detection is the information of at least one 
cycle frequency of the PU’s signal [13]. 
 
     The rest of the paper is organized as: section II provides 
statistical model to evaluate the mean delay of access, section 
III provides analytical and simulation results based on study 
of section II and section IV concludes the paper and provides 
the way of further improvement of the work. 
 

II. SYSTEM MODEL 

     Let the test signal, 
11 2

( )
0

N
T x n

nN

−
= 

=
composed of  N 

samples and N =τFS. 
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Where τ is the sensing period on a traffic/control channel and 
Fs is the sampling frequency of modulated wave. Now the 
decision levels of two hypothesis mode,  
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; whereξ  is the threshold value of test statistics T. 

The probability of false alarm and detection [14-15],  
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Where 
2
Rσ  is the variance of received signal, 22 / nR σσρ =  

called SNR and 2
nσ  is the variance of noise. The function Q(y) 

is defined as,  
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     Let m users are in competition to access a traffic channel. 
Probability of success a particular SU is (1-p)m-1p. Therefore 
the probability of success of anyone is, m(1-p)m-1p. Here p is 
the probability that a particular SU sends RTS to get access on 
a traffic channel. 
Therefore the probability of failure of all SUs is,  

Pf,m = 1- m(1-p)m-1p.       (5) 
If there are total M users in the network then the probability of 
m SUs are in competition is,  

{ }( ) 1 ( ),

mM M m M mP P Pa m f fm
τ τ− −= −

 
 
   (6) 

; whereM-m SUs are not in competition due to getting false 
alarm.  
The probability of successful access of a SU in an access 
period where the SU is in competition withm other SUs, 
 
Ps,m = success in first attempt ˅ failure in 1st TS but success in 
2nd TS ˅ failure in 1st two TSs but success in 3rd  TS 
˅ …   …   … ˅ failure in 1st K-1 consecutive TSs but success 
in Kth  TS 

= (1-p)m-1p+(1-p)m-1p mfP , +(1-p)m-1p
2
,mfP +…   …   …+(1-
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Now the probability of success of a SU on an access period is, 
1

, ,
0

K
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−
= 

= (8)

 

The expected value of delay when m SUs are in competition, 
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; whereta is the length of TS in access period.

 The overall expected delay, 
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In the one-order cyclostationary detection technique, the 
probability of false alarm, 

( )1 exp 2 1, 22
P FsF S

R

ξ
τ

σ
= − − +

 
  
   (11) 

The two-stage cyclostationary detection technique the 
probability of false alarm, 

, 2 ,P P PFF S F S=
            (12) 

The right side of (12) will be found from (2) and (11). 
 

III. RESULTS 

     Taking typical value of parameters:  Fs = 6MHz, τ = 4ms, 
K = 100, ta = 0.64ms and  p = 1/3 of [10] the profile of 
expected delay Dw  and probability of success of a SU PS on 

an access period against the number of SUs is shown in fig.1 
and 2 respectively taking the probability of false alarm as a 
parameter. For the increasing number of users the mean delay 
is also increased since the more SU participate in the sizing 
traffic channel. Again Dw decreases with large false alarm 

probability (here we consider high value of PF as 0.14, 0.22, 
0.28 and 0.33 to observe the impact of false alarm) since more 
SUs abstain from participation of seizing traffic channel at 
higher PF. The profile of probability of success PS of SU is 
revered to Dw ; where PS decreases with increase in the 

number of users M or decrease in PF.  
 

 
Fig. 1The variation of expected delay against the number of SUs on a network 

(p = 1/3) 
 

The profile of Dw  is again shown in fig.3 for p = 1/10 i.e. the 

probability of a SU to be active is now reduced. Now the 
network can accommodate more users for same access delay 
is visualized from fig.3. The impact of received SNR in dB is 
shown in fig.4. The PF decreases with increase in received 
SNR hence the same profile of found in fig.4 like fig.3. 
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Fig. 2The variation of probability of success of a SU on an access period 
against the number of SUs 

 

 
 
Fig. 3The variation of expected delay against the number of SUs on a  

network (p = 1/10) 
 
 

 

 
Fig. 4 The variation of expected delay against the number of SUs taking 

received SNR as a parameter 
 
 
 

 
Fig.5 Comparison of energy detection and 2-stage cyclostationary detection 

 
 

 
Fig.6 Comparison of analytical and simulation results of energy detection and 

2-stage cyclostationary detection 

 
Finally fig.5 compared energy detection and cyclostationary 
detection technique. The two stage cyclostationary detection 
technique provides lower PF; more SUs are in completion 
therefore the delay of access will be higher for cyclostationary 
detection. Two pairs of curves are drawn for received SNR 
(symbolically used in graph as Rx_SNR) of 2dB and 4dB; 
where the delay of 4dB case is higher for the same reason 
mentioned previously.  

 
     Finally the analytical results of fig.5 are verified with 
simulation, shown in fig.6 where the results show +95% 
confidence level. 

IV. CONCLUSIONS 

     In this paper the impact of the number of participant SUs 
on mean delay of access and the probability of success of SUs 
are analysed taking the false alarm probability as a parameter. 
Finally the performance of energy detection and 
cyclostationary detection are compared analytically and 
verified with simulation. We excluded the matched filter 
detection since it requires distinct reference signal (time/phase 
synchronization and modulation scheme) otherwise the 
performance will be heavily deteriorated. Finally, the size of 
cells is reduced in 3G and 4G mobile hence it becomes very 
difficult to maintain cell boundaries. In this case the received 
SINR becomes weighted squared sum of SINR from 
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surroundings therefore the Wiener filter detection technique of 
[16] can be applied for such network to compare with fig.5.    
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Abstract— In marine science, underwater sensor networking 
(UWSN) is the most important and interesting arena. A novel 
noise aware Level Based Routing Protocol (LBRP) is proposed in 
this paper to contribute in this field. The LBRP is essentially a 
level-based routing protocol. The sensor nodes need not to store 
any state information and only a small fraction of the total nodes 
are involved in routing. It also promises the best use of energy 
consumption and ensures more reliable packet transmission in 
comparison with others. To guide a packet from source to 
destination, LBRP calculates the noise, account residual energy, 
the level in which the node is situated and distance from the 
forwarding node. The forwarding node is selected calculating a 
formula proposed in this paper that uses the described terms. 
Simulation has been experienced both in noisy and noiseless 
environment and executed to endorse better performance of the 
proposed protocol. The LBRP aims to provide a robust, scalable 
and energy efficient under water routing protocol. 

Keywords— Underwater Sensor; Sensor Node; Fitness; 
Lifetime;  Noise; Routing.  

I. INTRODUCTION  

With the provision of remote real-time wireless data 
access, UWSN enables real time monitoring of selected ocean 
areas. A number of issues need to be addressed while using 
sensor networks as an effective technology for underwater 
systems [1]. Autonomous and individual sensor nodes perform 
data collection operations as well as store and forwarding 
operations to route the data that has been collected to a central 
node. Limited battery storage and computation, low 
bandwidth and high error rates are the main challenges of 
deploying an underwater network. In addition, noisy 
environments, node failure, scalability to a large number of 
sensor nodes, survivability in harsh environment are common 
in underwater sensing and routing. Water current drives the 
nodes away in the speed of 3-6 km/h in average [2]. 
Underwater sensor nodes use acoustic modem with 
propagation speed 1500 m/s [3]. The proposed protocol is 
devised by cogitating upon limited battery and limited 
bandwidth. This protocol provides shorter end-to-end delay, 
evades control packet to guide data packet to the destination 
entirely this hoards up huge amount of total energy and 
considers the noise which is calculated for finding the better 

fitness of the nodes. Key contributions of the proposed routing 
protocol are listed as follows: 

• Level based architecture  
• Considers noise level in link 
• Initiates partial path routing technique based on noise 

and the fitness of the nodes 

This section describes the potentials and contributions of this 
paper. The works related to the theme of this paper are 
described in the second section. The following section three 
proposes the Noise Aware Level Based Routing Protocol and 
Multicasting Technique using fitness for UWSNs. Section 
four shows the simulation and performance analysis of the 
proposed protocol. The paper is concluded by section five 
along with future research directions.  

II.  RELATED WORKS 

It is challenging to design a robust, scalable and energy-
efficient underwater routing protocol because of limited life of 
battery. Moreover, most of the research works concerning 
UWSN are done on the issues related to physical layer. A new 
arena of the network layer is routing techniques. Providing an 
efficient routing protocol is the demand of time today.  

Vector-based forwarding (VBF) [3] guides the packet from 
the source to the destination only considering the nodes that 
are within the range R of the vector. Thus the energy of the 
network is saved. Nodes are mobile and high communication 
time in dense network is needed for multiple nodes act as 
relay nodes. To reduce the high communication time and to 
handle node mobility, VBF routing protocol has been 
modified and HH-VBF (Hop by hop VBF) [4] routing 
protocol is proposed. Another work regarding energy analysis 
is a routing protocol for underwater wireless sensor networks 
[5] which is based on analyzing the total energy consumption 
in underwater acoustic sensor networks. Different functioning 
principles (relaying, direct transmission and clustering) are 
proposed and the total energy consumption for each case is 
analyzed.  

FBR (Focused Beam Routing) [6] is a scalable routing 
technique for multi-hop ad-hoc networks, based on location 
information and it is suitable for networks containing both 
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static and mobile nodes. Link  Expiration Time-Aware 
[LETA] Routing Protocol [7] is based on a sending node 
forwarding a data packet after being sure that the packet 
reaches the forwarding node, and acknowledgment is returned 
to the sending node after receiving the data packet. The 
forwarding decision of node is taken by applying Bayes’ 
uncertainty theorem. Optimizing Energy through Parabola 
Based Routing (PBR) [8] uses parabola as forwarding region 
and it emphasizes on noise. This protocol cannot predict the 
lifetime of a node, link capacity of a path and assumption on 
node mobility.  

The Depth Based Routing Protocol named as DBR [9] only 
uses the depth information of the nodes in the routing process. 
Depending on the depth, the data forwarding decisions are 
taken in this protocol. This method not only improves the 
overall energy consumption of the network, but also reduces 
the end-to-end delay. The New Energy Efficient and Depth 
based Routing Protocol (EEDBR) [10] only uses the depth 
information of the nodes in the routing process. This method 
not only improves the overall energy consumption of the 
network, but also reduces the end-to-end delay. A new 
distributed cross-layer Channel-aware Routing Protocol 
(CARP) [11] is proposed for multi-hop delivery of data to the 
sink. Depending on the history of successful transmission of 
data, nodes are selected to establish a robust link. 
Combination of link quality with simple topology information 
is the feature of CARP.  

All of these discussed routing protocols for UWSNs works 
well in their own ways. This paper proposes a routing protocol 
to overcome the noise problem [12] and to increase the 
reliability of packet forwarding through creating a partial path 
that means selecting a few numbers of nodes based on the 
lifetime [13]. 

III. NOISE AWARE LEVEL BASED ROUTING PROTOCOL FOR 

UNDERWATER SENSOR NETWORK 

In this section, the proposed Efficient Noise Aware Level 
Based Routing Protocol (LBRP) is presented in detail. Network 
aarchitecture, protocol overview and protocol design are 
discussed. The routing algorithm and evaluation of the 
proposed routing protocol is demonstrated at the end of this 
section. 

A.  Network Architecture 

 We assume that water depth is divided in different levels. 
An example of such networks is sketched in figure 01. 

 
Figure 01: Noise Aware Level Based underwater sensor network 

architecture 

Water depth is divided in different levels which are 
calculated by dividing the water depth by the level distance. 
The multiple sink nodes available in the proposed network 
architecture are fixed; whereas forwarding nodes are always 
mobile. The water surface nodes, called sink nodes are 
equipped with the modem that is capable of capturing both 
radio-frequency and acoustic signal. The nodes deployed in the 
underwater environment can send and receive only acoustic 
signal. Underwater sensor nodes with acoustic modems are 
placed in the interested  area and each such node is 
assumed likely to be a data source. Underwater acoustic nodes 
can accumulate data and also assist to convey data to the sinks. 
When a sink node receives a packet from an underwater 
acoustic node, the sink nodes can converse with each other 
efficiently via radio channels.  

B. Overview of Efficient Noise Aware Level Based Routing 
Protocol for UWSNs 

The proposed protocol consists of two phases, named as- 
Candidate Node Selection for creating partial path and 
Forwarding data packets in Partial Path.   

i. Candidate Node Selection for Creating Partial Path 

 The node selection phase follows the subsequent steps to 
create a partial path.  

• An underwater sensor node forwards packets to the 
higher level sensor nodes. The forwarding node first 
calculates four levels in a rectangular shape having 
fixed height and width as shown in figure 2. The 
rectangle is calculated in the upward direction. 

• Each level contains a number of sensor nodes. When 
the forwarding node broadcasts a control packet to 
the nodes in adjacent level, only the best fitted nodes 
responds to the forwarding node. This is represented 
in figure 3. 

• The fitness probability of each node is calculated 
based on the lifetime of the node and noise. A 
threshold value is considered for each node; the 
fitness being less than the threshold, the node does not 
respond to the forwarding node. 

• The best fitted node sends data about the fitness 
probability of selected nodes to the forwarding node 
to be maintained in the forwarding data table, 
illustrated in figure 3. If the average fitness of the 
nodes of a level is better, then only a few nodes are 
selected; if not, a large number of nodes are selected.   

• Node with the highest fitness probability again 
broadcasts the control packet to the adjacent higher 
level nodes, shown in figure 4. Again the fitness 
probability is calculated and the data are sent to the 
previous level best fitted node to be maintained in the 
forwarding data table, represented in figure 5.  

• A partial path is created from the forwarding node to 
the highest level bet fitted node. The partial path is 
shown in figure 6. 
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Figure 02: Broadcasting control packet 

      
Figure 03: Response message to forwarding node 

       
Figure 04: Broadcasting control packet to next level 

       
Figure 05: Response to previous level 

 

       
Figure 06: Partial path 

ii. Forwarding Data Packets in Partial Path 

As soon as this path is created, the forwarding node 
broadcasts the data packet to the best fitted node of the 
adjacent level; this node then forwards the data packet to the 
higher level best fitted node and so on.  

Each node broadcasts an acknowledgement to the sender 
node after receiving the data packet. If any sender node does 
not get the acknowledgement after a certain time, it again 
broadcasts the data packet to the second best fitted node. Each 
level calculates TTL (Time to Life). In last level, TTL goes 4 
and the best fitted node in level 4 calculates new levels in 
rectangular shape and the two phases are repeated.  

C. Figures and Tables Fuzzy Interface Based Fitness 
Probability Calculation  

i. Membership Function 

Two input fuzzy variables named as- Noise and Lifetime is 
taken. Here Noise is the underwater acoustic noise and 
Lifetime is the assumed lifetime of sender nodes. There is only 
one output for this membership function- Probability. It is the 
probability of responding to a forwarding node’s control 
packet. The range of each variable is taken from 0 to 100. Each 
variable has three membership functions- Low (0-40), 
MEDIUM (30-70), HIGH (60-100). The membership function 
plots for input and output variables are shown in figure 07, 08 
and 09.  

 
Figure 07: Fuzzy logic input using three membership function labels for Noise 
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Figure 08: Fuzzy logic input using three membership function labels for 

Lifetime 

 
 

Figure 09: Fuzzy logic output using three membership function labels for 
Probability 

ii. Rule Evaluation 

In this section, the probability to response to forwarding 
node’s control packet is calculated using Fuzzy based rules. 
The following rules are used to calculate the probability. 

Table 01: Fuzzy Rules for Calculating Fitness Probability 

No. Rule 
1 If Noise= LOW and Life Time=HIGH, then 

P=HIGH 
2 If Noise= LOW and Life Time=MEDIUM, 

then P= MEDIUM 
3 If Noise= LOW and Life Time=HIGH, then 

P= LOW 
4 If Noise= MEDIUM and Life Time=HIGH, 

then P= MEDIUM 
5 If Noise= MEDIUM and Life Time= 

MEDIUM, then P= MEDIUM 
6 If Noise= MEDIUM and Life Time= LOW, 

then P= LOW 
7 If Noise= HIGH and Life Time=HIGH, then 

P= LOW 
8 If Noise= HIGH and Life Time= MEDIUM, 

then P= LOW 
9 If Noise= HIGH and Life Time= LOW, then 

P= LOW 

 

iii. Proposed Fitness Probability Calculation using 
MATLAB 

 We Consider a sensor node with estimated Lifetime = 67.7 
unit that is defined as membership function- HIGH and 
acoustic Noise = 33.5 unit that is defined as membership 
function- LOW. Putting these values in MATLAB Fuzzy 
Logic Toolbox, we get the probability 69.2 that is defined as 
membership function- High. Figure 3.10 represents this 
scenario and it illustrates proposed Fuzzy rule number 1 in 
table 01.   

 

Figure 10: Output for Probability for Noise and Lifetime input variable  

Figure 11 shows the overall expected outputs fro 
probability for all possible combinations of input Noise and 
Lifetime.  

 

Figure 11: Total expected output results for all possible inputs 

IV. PERFORMANCE EVALUATION 

A. Simulation Setting 

Network Simulator (ns2) [14] with an underwater sensor 
network simulation package (ns2-MIRACLE) extension is 
used to perform all the simulations. Sensor nodes are deployed 
in a 4kmX4kmX100m area in the simulations. Position 
generation of each node is done using Poisson’s process. The 
simulation is concerned about 99 sensor nodes and a single 
sink node. The sensor nodes are considered to be mobile at the 
speed of water current while sink node is considered as 
stationary. Different speed of water current is considered in 
order to measure the performance of the proposed routing 
protocol. The minimum and the maximum speed of water 
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current are taken as 1 m/s and 10 m/s respectively. The sensor 
nodes move in random direction in underwater environment. 
The direction of each sensor nodes in 3D space is defined 
randomly for the ease of simulation. The control packets used 
in the protocol are assumed to be much shorter compared to 
data packets. The energy consumed for each data packet is 
assumed to be 1 energy unit and for each hello packet to be 
0.02 unit. 300 m is considered as the transmission range of the 
simulation in all directions. The threshold energy of the sensor 
nodes is taken to be 1000 energy units. The source node is 
chosen from the bottom of the taken 3D space. The media 
access control (MAC) protocol is used for broadcasting. In 
this protocol, a node first senses the channel before sending a 
packet. It continues to broadcast the packet if the channel is 
free. Otherwise, it backs of. If the maximal number of back 
offs has been reached, the packet will be dropped. 

B. Simulation Parameters and Performance Metric 

Table 02 briefly shows the parameters needed to be precise 
for the ideal simulation of the proposed LBRP.   

Table 02: Simulation Parameters for Proposed Protocol 

Simulation Software NS 2 (MIRACLE) 
Deployment Area 4kmX4km 

Deployment Depth 100m 
Traffic Generation Poisson’s Process 

Size Of Control Packet ≤6B 
Data Packet Payload 3000bytes 

Transmission frequency 25kHz 
Maximum Range 300m (in all directions) 

Bandwidth 2000Hz 
Simulation Time 3600 s 

Initial Energy 1000 
Number of Nodes 100 

 

The following metrics are pointers used to appraise the 
performance of the proposed routing protocol. 

• Throughput Efficiency: Throughput is the 
measurement of the average bit rate successfully 
delivered to the sink node.  

• End to End Latency: This metric calculates the 
average time between the packet generation and the 
time to deliver that packet to the sink divided by the 
distance between source and destination.  

• Energy per Bit: To deliver a bit from source to 
destination, the energy consumed by the network is 
measured to evaluate performance. 

 

C. Result and Analysis 

i . Throughput Efficiency 
The comparison of the performances of LBRP, CARP, 

FBR and DBR in terms of throughput efficiency is illustrated 
in figure 12. The figure clearly describes that the proposed 
LBRP performs a bit better than the best performing among the 
three protocols considered.  

 

Figure 12: Comparison of Throughput Efficiency 

ii End to End Latency 
Figure 13 shows the average end to end latency of the 

considered protocols- proposed LBRP, CARP, DBR and FBR. 
As the time increases, end to end latency also increases. 
Simulation also shows that performance degrades with 
increment of traffic.   

 

Figure 13: Comparison of End to End Latency 

iii Energy per Bit 
Energy consumed for each bit to deliver a single bit from 

source to destination for the proposed LBRP is calculated and 
shown in figure 14 along with CARP, FBR and DBR. 

 

Figure 14: Comparison of Energy Consumption   
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V. CONCLUSION 

The proposed protocol outperforms in terms of energy 
consumption and fitness of sensor nodes. Level wise divisions 
of monitoring environment reduce the energy consumption 
because no extra circuitry is needed in the sensor node to 
measure the depth under the water. Evaluation of this protocol 
shows better performance than other existing protocols. The 
proposed LBRP is expected to be used in UWSNs for energy 
efficiency and noise concern routing.  
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Abstract- Educational Institutions attempts to gather feedback 
from students’ to study their sentiments towards courses and 
instructors and to enhance the performance of the instructors. 
Basically, such feedbacks are gathered at the end of the semester 
with the use of survey forms. However, this technique is very 
tedious, slow and time consuming. With the advent of social media, 
especially Facebook, the collection of feedback become easier 
through Facebook pages and groups. But, analyzing those 
feedbacks is equally challenging. This paper addresses those 
problems and uncovers the best model for analyzing those 
feedbacks with the use of machine learning techniques such as 
Support Vector Machines (SVM), Maximum Entropy (ME), Naive 
Bayes (NB), and Complement Naive Bayes (CNB) and applying 
neutral class. And, found SVM as the highest performer with an 
accuracy of 97% by applying different preprocessing and feature 
extraction techniques and avoiding neutral class, which outperform 
state-of-art work by 2%. 

 
Keywords- Student; Feedback; Analysis; Machine; Learning 

 

I. INTRODUCTION 

With an advent of the social network, feedback system 
became very common and useful in every domain of interest. 
One of such domain is educational Institution, where, instructors 
used to give the lecture in the class and students give the 
opinions in the social media such as Facebook or twitter etc., 
which provides the chances and equal methodological 
difficulties in understanding students’ behavior, but need to 
address those difficulties and process them carefully to derive 
useful information to support instructors in improvement for 
further lectures. One of the study supports this is known as 
Sentiment Analysis (SA). SA is a field of Computational Study 
of people’s like/dislike about an entity or objects [1]. Also, it 
reveals the polarity of natural language texts, such as positive, 
negative and in some cases neutral is considered [2], [3]. 

As research shows, sentiment analysis could be easily done 
and highly useful, if it could be   applied in a particular domain, 
such as in this case Education domain [2]. So, the purpose of 
this research is to find best suited tools for each step of 
sentiment analysis, such as preprocessing, feature extraction and 
Machine learning techniques in educational settings in order to 

improve teaching methods, faculty members, student’s related 
facility and infrastructure. Also, this research will find the best 
combinations of sentiment analysis tools as a whole. 

The remaining work is organized as follows: Section II 
includes Literature Review, Section III represents details 
methodology. Whereas, Section IV describes the results and 
Discussions and section V includes Conclusions. 

 

II. LITERATURE REVIEW 

       An optimal combination of pre-processing tools was 
searched for performance enhancement of the sentiment analysis 
from student feedback by Ortigosa et al. [4], Martin et al.[6]. 
They found that, if the following pre-processing tools such as 
stop words removal, case normalization, repeated letter removal, 
Removing Exclamation, Punctuation and question marks, 
negation, and spelling check being used in combination than the 
performance improve to a large extent. Troussas et al. [5] used 
emoticons along with above tools and also found the improved 
performance. With the combination of pre-processing tools such 
as stop words removal, case normalization, repeated letter 
removal, Removing Exclamation, Punctuation and question 
mark Altrabsheh et al. [2] got improved accuracy of 95%, which 
is highest among all others in the same sort of analysis.  

An optimal feature extractor is also necessary for improving 
performing of the analysis of student feedback. Among all of the 
available features, Term co-occurrence is widely used. It may be 
unigram, bigram, N-gram etc. Agarwal et al. [7] and Wang et 
al.[8] found  that, unigrams is better in performance than 
bigrams and trigrams in most of the cases. For instance, Go et al. 
[10], found decreased performance in case of bigrams. On the 
other hand, a twitter analysis done by Pak and Paroubek [9] 
shows that bigrams gives a higher performance than unigrams. 
But among all, Altrabsheh et al. [2] got the highest performance 
with accuracy 95%, with the use of the combinations of Term 
co-occurrences. Also, among different machine learning 
algorithms Support Vector Machines (SVM) were found to be 
the best by Song et al. [11] in the case of student feedback 
analysis. Altrabsheh et al. [2] also found SVM as the best 
classifier tools in analyzing student feedback. Altrabsheh et al. 
[13] in one of their research on real time student feedback found 
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Complement Naive Bayes (CNB) as the highest performer 
among all the techniques with 84% accuracy. Fallakhair et al. 
[14] conduct an in-depth analysis of real time student feedback 
in class room and found SVM RB as the best performer among 
all the algorithms with accuracy 94%. 

 

III. METHODOLOGY 

 The methodology of this research is shown in Fig. 1, and the 
details descriptions of each step of the methodology such as 
corpus collection, Data preprocessing, Feature Extraction, 
sentiment classification, polarity detection and performance 
analysis are given below: 

A. Corpus Collection 

 One of the important tasks of any research is the collection 
of data. Similarly important is to identify sources of the data. 
This research considered Facebook as a source of data, as 
Facebook messages are not limited in size like tweets and 
become more eligible for research in our said domain. We have 
used the same data set of the University of Portsmouth as used 
in state-of-art work by Nabeela et al. [2], where they have 
collected data from different universities and the students are 
allowed to express their opinions in free of context about the 
lectures. The data set consists of  1036 data, among them 641 
are positive, 292 are negative, and remaining are  neutrally 
distributed. The amount of data for analysis was fixed up using 
trial and error method. The data are labeled into different classes 
as positive, negative, according to the intensity of expression, if 
the intensity is hard to determine, the neutral class is assigned. 
We have measured percent agreement (80.7%), the Fleiss kappa 
(0.665) and Krippendor’s alpha (0.666) in order to verify 
reliability. The first measure is optimistic and the later measure 
is conservative. 

B. Preprocessing 

As the research aim is to find the optimal tools that help in 
improving the accuracy of the study. So, firstly, we have tried to 
find the optimal combination of pre-processing tools, as we 
know, the more the data set is error free, the more the accuracy 
is. For this, we have firstly conducted a test without pre-
processing, as the result was not promising, we have done few 
low level pre-processing, as the result was improved, so, we 
have conducted different levels of pre-processing till the result 
exceeds the state-of-art research. The total pre-processing steps 
are as described below and shown in Table II, III, and IV. 

1. Preprocessing W/O: At this level, the data set is tested 
without any preprocessing except case normalization. And 
the result of the test is used as the baseline for the different 
level of preprocessing being applied. 

2. Preprocessing P1: At this level, unnecessary characters, 
numbers, exclamations, punctuations, question marks, and 
stop words that do not contain any sentiments are removed to 
reduce noise from the data set. 

3. Preprocessing P2: At this level, the data set is the previously 
preprocessed one in P1. The pre-processing included at this 
level are, removing repeated words and replacing “n’t” with 
negation “not” in order to increase the possibility of 
matching sentiment words, thus, improve the performance of 
analysis. 

4. Preprocessing P3: This level includes the data set that being 
preprocessed in P2. The pre-processing done at this level is 
stemming, where, the short words are returned to its original 
words, thus improve accuracy analysis. 

5. Preprocessing P4: This level includes the data set that being 
preprocessed in P3. The pre-processing done at this level is 
the removal of emoticons in order to ease and improve the 
results of the analysis. 

6. Preprocessing P5: This level includes the data set that being 
preprocessed in P4. Additional preprocessing done at this 
level is the removal of the URL in order to reduce the 
complexity of the analysis. 

     It is to be noted that, the combination we have used in our 
study was little different than that was used by state-of-art 
research. As our study outperform the previous research with 
this combination of pre-processing, so, this combination could 
be considered as optimal pre-processing tools. 

C.  Feature Extraction 

As the research shows, proper extraction and selection of 
features help improve the accuracy of sentiment analysis to a 
great extent. So, secondly, we have tried to find optimal feature 
extraction tools from among Term Co-occurrence and Opinion 
words or phrase. From among different Term Co-occurrence, we 
have used Uni-gram, Bigrams and Trigrams. But the results of 
precision and recall shows that, trigrams outperform the results 
of Uni-gram, Bigrams, and Opinion words as in Table I, so, 
trigram could be considered as optimal feature extraction tool. 

Table I 

PRECISION AND RECALL VALUES FOR FEATURE EXTRACTION 

Features 
Features extraction 

Precision Recall 

Uni-gram 60 65 

Bi-gram 55 70 

Tri-gram 80 75 

Opinion words 65 70 

 

D.  Sentiment classification Techniques 

Thirdly, From among different sentiment classification 
techniques, we have tested our experiments by only Support 
Vector Machines (SVM), Naive Bayes (NB), Complement 
Naive Bayes (CNB), and Maximum Entropy (ME) due to their 
wide acceptance and better performance in many similar and 
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state-of-art researches. SVM also outperform other models in 
this case. 

E. Polarity Detection 

     Polarities were detected after the sentiment being 
classified using different classifier. 

F. Performance Analysis 

This subsection analyzes the performance on the different 
combination of preprocessing, features, and machine learning 
algorithms and their relative performance comparison, which are 
discussed in details in Result and Discussion section. 

 
Fig. 1. Methodology of this Research 

 
IV. RESULTS AND DISCUSSIONS 

In this research, models were validated by measuring 
different matrix of the confusion matrix such as accuracy, recall, 
precision, and F-score and tested using 10-fold cross-validation. 
Table II represent the comparison between highest outcome, 
shown by the different models such as SVM, NB, CNB, and ME 
in the two state of art research and our study after pre-
processing. From the Table II, Fig. 2 and Fig. 3, it is clear that, 
as per expectation, almost all the models shows better 

performance after preprocessing in both the study, but our study 
outperforms the stat-of-art researches by 2%, where our optimal 
model was SVM and their Optimal model was SVM with 95% 
accuracy [2] and CNB with 84% accuracy [13], this was due to 
the proper combination of pre-processing tools in our study. It 
was also observed that, CNB also shows good accuracy in all the 
research studied in this work. But, NB and ME suddenly shows 
improved accuracy in our work, than the previous research, 
which is 89% and 87% respectively. 

Table II 

COMPARISON IN HIGHEST RESULTS FOR EACH MODEL IN OUR STUDY AND STATE-OF-ART RESEARCH 

  
Verification Parameters 

Result of State-of-art Research1 Result of State-of-art Research2 Result of Our Study 

Machine Learning Techniques Machine Learning Techniques Machine Learning Techniques 

SVM NB CNB ME SVM NB CNB ME SVM NB CNB ME 

Accuracy 0.690 0.500 0.840 0.570 0.945 0.517 0.842 0.717 0.966 0.891 0.931 0.871 

Recall 0.690 0.490 0.840 0.300 0.947 0.526 0.878 0.342 0.883 0.701 0.867 0.821 

Precision 0.740 0.490 0.870 0.330 0.945 0.521 0.842 0.407 0.910 0.695 0.780 0.920 

F-Score 0.570 0.480 0.840 0.310 0.944 0.499 0.848 0.372 0.910 0.705 0.885 0.920 
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Fig. 2. Performance analysis of different Machine Learning Techniques in our 
Study 

 

Fig. 3. Performance analysis of different Machine Learning Techniques in State-of-
art Research2 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Performance analysis of different Machine Learning Techniques in State-of-art Research

    From the Table II, it is also seen that, SVM has a 
relatively high performance not only as because of the highest 
level of accuracy i.e.; 97% but also highest recall of SVM, 
which is 88%. But, in case the of precision and F-score, ME 
shows the highest value, which was 92% for both the cases 
respectively. From the analysis in our case, it was also seen that, 
CNB present nearby accurate result as SVM i.e.; 93%, this is 

because it dealt with the uneven class problem of this research. 
From Fig. 2, Fig. 3, and Fig. 4. Shows the performance analysis 
of different machine learning techniques in our study, state-of-
art reserach1, and research2. In Fig 2. the peak of the curve 
shows nearby and very high for all the techniques, but in Fig. 3 
and Fig. 4 the techniques are shown to fluctuates and differ in a 
great extent in their  all of performance parameters. 

Table III 

RESULT OF DIFFERENT MODELS AFTER DIFFERENT LEVEL OF PREPROCESSING 

 
 

Pre-processing 

Machine learning Techniques 

SVM ME 

Accuracy Recall Precision F-score Accuracy Recall Precision F-score 

P1 0.754 0.721 0.693 0.701 0.756 0.652 0.673 0.621 

P2 0.823 0.772 0.792 0.810 0.773 0.755 0.736 0.711 

P3 0.854 0.801 0.821 0.822 0.824 0.712 0.736 0.810 

P4 0.893 0.859 0.831 0.840 0.843 0.782 0.801 0.815 

P5 0.962 0.883 0.910 0.910 0.871 0.821 0.811 0.844 
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Table IV 

RESULT OF DIFFERENT MODELS AFTER DIFFERENT LEVEL OF PREPROCESSING (CONTN.) 

 
 

Pre-processing 

Machine learning Techniques 

NB CNB 

Accuracy Recall Precision F-score Accuracy Recall Precision F-score 

P1 0.698 0.444 0.432 0.435 0.701 0.650 0.555 0.624 

P2 0.753 0.454 0.443 0.541 0.763 0.654 0.643 0.741 

P3 0.784 0.652 0.564 0.555 0.840 0.662 0.764 0.755 

P4 0.853 0.687 0.665 0.645 0.893 0.758 0.777 0.864 

P5 0.891 0.701 0.695 0.705 0.931 0.867 0.780 0.885 

 

Table III and Table IV shows the changes of performance, 
happens due to the different levels of preprocessing and model 
used. Here, we have included only the results that are 
remarkable.  Almost every model show improved performance 
as the level of preprocessing proceeds. The change is slight in 
some cases but in most cases the preprocessing and model used, 
bring a great improvements of the analysis, which may be 20 to 
30 percent and thus reflect that, the pre-processing are immense 
necessary in order to carry on feedback analysis of the students 
as the students in most of the cases doesn’t express their opinion 
in plain or good English. 

V. CONCLUSIONS AND FUTURE WORK 

     In this research, we have investigated different levels of 
preprocessing in combination with different feature extraction 
methods and machine learning algorithms on student feedback 
data to find out optimal tools among them for this sort of 
analysis. We found that, proper use of preprocessing tools, 
feature extraction tools and machine learning algorithms 
increased accuracy, which in turn shows improved performance 
of our analysis up to 20 to 30 percent, which we desired before 
analysis. It is also observed that, some level of preprocessing 
such as emoticons removal, in some cases loses valuable 
information, thus decrease the performance of the models. From 
the study we suggest that, the combination of preprocessing 
tools and feature extraction tools we have used in this study may 
be considered as optimal tools for this sort of analysis. 

     We also observed that, NB and CNB show highest 
performance in the case of uneven class problems, but in most of 
the cases it doesn’t show the considerable result. But SVM and 
ME shows the acceptable results in most of the combinations of 
preprocessing, features and machine learning techniques. So, 
from the analysis we could say SVM and ME could be 
considered as best model and we suggest this could be used 
further for these sorts of feedback analysis. 

      In the future, there would be a possibility of including 
more preprocessing such as removing substring, feature 
extraction, such as syntactic dependency as well as sentiment 
word list extraction, and finally, more machine learning 
techniques such as an Artificial Neural Network (ANN) in this 
domain. 
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Abstract—Biogeography Based Optimization (BBO) Algorithm
is a stochastic and population-based evolutionary search method
influenced by the theory of biogeography. Like other population-
based evolutionary algorithms, BBO also prefers diversification at
the cost of intensification. Therefore, in this article, a new variant
of BBO algorithm introduced namely, Fitness Based Biogeogra-
phy Based Optimization (FBBBO) Algorithm. In the proposed
algorithm, a fitness learning factor based position update process
is introduced. In this fitness based process, the step size of the
solutions is controlled through a probability which is a function
of fitness. If a solution is a superior fit, then it gives additional
priority to finest solution and less to itself to prevent from
local convergence. The developed algorithm compared with BBO
and two other algorithms, namely Differential Evolution (DE)
Algorithm and Particle Swarm Optimization (PSO) Algorithm
with the experiments over 10 test problems. Obtained results
confirm the competitive performance of the proposed algorithm.

Index Terms—Meta-heuristic Optimization Techniques; Fit-
ness Based Process; Evolutionary Algorithm;

I. INTRODUCTION

Nature Inspired Algorithms (NIA) [1] are a significant
source for motivations to both grow intelligent systems and
provide solutions to challenging engineering optimization
problems. Various evolutionary methods have been evolved
to deal with difficult engineering optimization problems. Evo-
lutionary processes influenced by the natural selection and
model of the biological evolution process. Evolutionary [11]
algorithms optimize a function by repetitively developing
candidate solution in terms of given measure of goodness.
BBO [8] is an evolutionary search method that is influenced by
modeled science of habitat biogeography that contains sharing
of biological species through space and time.

Research globally in the field of BBO has produced new
optimization methods that have proven greater to primary
approaches. Approximately, entire metaheuristic methods [4,
5, 10, 2, 9] share the identical properties such as the natural
phenomenon inspires they all, use random variables and they
have several attributes. Every metaheuristic method has differ-
ent assets on reliability, efficiency, robustness and accuracy in
a noisy atmosphere and unique problem domain. According
to ”no-free-lunch” theorem [12], it is impossible for any
metaheuristic method to handle entire optimization problems
optimally. Thus, new metaheuristic methods are continuously
produced to solve distinct optimizing problems.

In this paper, to maintains a proper balance between the
intensification and diversification capability of BBO algorithm,
a modified variant of primary BBO [8] is studies, named as
Fitness Based Biogeography Based Optimization (FBBBO)
Algorithm. In FBBBO, a Fitness based position update strat-
egy is adopted to improve a solution. In This, to explore
the solution search field, less fit individuals take large step
size whereas the more fit individual’s step size is small for
avoiding the situation of skipping the optima. This strategy
maintains the proper balance between the intensification and
diversification properties of the algorithm and enhances the
efficiency of BBO algorithm also.

Section II of this paper gives the brief overview of BBO
Algorithm and the modified algorithm portrayed in section
III. Performance of FBBBO is tested with several numerical
benchmark functions and presented under section IV. Finally,
section V gives a summary and conclude the work.

II. OVERVIEW OF BBO ALGORITHM

BBO [8] is an evolutionary search technique that describes
the dispersion of bio-diversity of biological species through
space and time. The Scientific model of biogeography de-
scribes Speciation (evolution of new species), Migration of
species (animal, birds and plants) among island (habitat)
and Extinction of species. In BBO [8], each individual is
considered to be analogs to an island and is recognized by
habitat (island) suitability index (HSI). Habitat (solution) that
are friendly to life are known with high HSI. HSI corresponds
to the goodness of a BBO solution. Facets that combined with
HSI include land area, temperature, rainfall etc. Facets that
identify habitability are known as suitability index variable
(SIVs). Figure 1 demonstrates a representation of species
profuse in a particular island.

In terms of habitability, SIVs can be taken as independent
variables and HSI as dependent variables of the island respec-
tively. Habitat that is supported by a large number of species is
called High-HSI habitat and habitat with only a few species is
called Low-HSI habitat. High-HSI solutions give their facets
to low-HSI solutions and new facets are accepted by low-
HSI solutions from high-HSI solutions. High-HSI solutions
emigrate their facets to low-HSI solutions.

The BBO algorithm starts by creating a randomly dispersed
population of habitats. Then evaluate the emigration rate (𝜇)
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Fig. 1: Species Model [8]

and immigration rate (𝜆) for every individual.

𝜆𝑖 = 𝐼(1− 𝑘𝑖
𝑛
) (1)

𝜇𝑖 = 𝐸(
𝑘𝑖
𝑛
) (2)

Here, 𝐸 is highest possible 𝜇, 𝐼 is highest possible 𝜆 and k𝑖
is goodness rank of 𝑖𝑡ℎ individual after sorting goodness of
𝑖𝑡ℎ individual.

After initialisation of the BBO population, it needs the
repeated iterations of the two procedures, named as migration
procedures and another one is mutation procedures. Each
procedure is portrayed as follows.

A. Migration

Migration procedure is probabilistically sharing of facets
between habitats by taking advantage of the immigration rate
(𝜆𝑖) and emigration rate (𝜇𝑗). The migration operator (𝛼) is
accountable for sharing the facets between individuals to mod-
ify goodness. The immigrating solution is selected according
to the probability of (𝜆𝑖) and emigrating solution is selected
according to the probability of (𝜇𝑗) of solutions. Based on
these probabilities algorithm decide which of the solution
feature (SIV) of immigrating solution (𝐻𝑖) is needed to be
modified. Then immigrating solution (𝐻𝑖) SIV is replaced by
emigrating solution’s (𝐻𝑗) SIV.

𝑛𝑒𝑤(𝐻𝑖𝑘) = 𝐻𝑖𝑘 + 𝛼(𝐻𝑗𝑘 −𝐻𝑖𝑘) (3)

here 𝛼 is the user defined migration operator and 𝑘 is the
dimension of the solution.

B. Mutation

Mutation is accountable for keeping the variety of solutions
in BBO algorithm. Mutation provides a chance to improve the
goodness of solutions for low-HSI candidate solutions, and
for high-HSI solutions, it can enhance the quality of solutions
even more than solutions already have.

After, each generation we apply elitism in BBO for pre-
serving the best solutions from present generation to future

generation. Elitism prevents the best solution from being
polluted by migration or mutation of the future generation.

From the above discussion in section II, procedure of the
BBO is represented in algorithm 1.

Algorithm 1 BBO Algorithm

creating a randomly dispersed set of solutions 𝐻1, 𝐻2,
...,𝐻𝑛;
Calculate goodness (HSI) of every solutions;
while termination criteria met do

Sort the solutions from best to worst;
Calculate 𝜆 and 𝜇 for each solutions based on 𝐻𝑆𝐼 ;
Apply migration procedure;
Renew the probability for each solutions;
Apply mutation procedure;
Calculate goodness of every solutions;
Apply elitism for maintaining best solutions;

end while

III. FITNESS BASED BIOGEOGRAPHY BASED

OPTIMIZATION ALGORITHM

In the evolutionary optimization algorithms, exploration
and exploitation are the two vital processes. The exploration
consists of probing a much larger portion of the search
region with the desire of finding other promising solutions
that are yet to be refined. While the exploitation consists
of probing a limited region of the search space with the
desire of inspiring a promising solution that we already have
in hand. For achieving superior performance in optimization
algorithms, both exploration and exploitation properties should
be well coordinated with each other. Like other evolutionary
algorithms, BBO also suffers from the problem of stagnation
and prefer diversification at the cost of intensification. To avoid
these issues, it is necessary that initially algorithm explore the
search space while exploits in later iterations.

From the equation 3 of basic BBO, it is clear that immi-
grating solution accepts facets only from emigrating solution.
Therefore, in this paper we modify the migration equation of
the individuals as follows:

𝑛𝑒𝑤(𝐻𝑖𝑘) = 𝐻𝑖𝑘+(𝛽)(𝐻𝑖𝑘−𝐻𝑗𝑘)+

𝐿𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝐹𝑎𝑐𝑡𝑜𝑟︷ ︸︸ ︷
(2.0− 𝑝𝑟𝑜𝑏𝑖) ×(𝐻𝐵𝑒𝑠𝑡𝑆𝑜𝑙𝑘−𝐻𝑖𝑘)

(4)
In the above equation, 𝛽 is a uniformly dispersed random
number in the range -1 to 1. Here for evaluating step size,
ongoing individual and a randomly chosen individual are used.
However, in this random component is used for updating step
size. Therefore, to balance the intensification and diversifi-
cation capability of an algorithm, we further modified the
strategy. In this, the step size of the solutions is controlled
through a probability which is a function of fitness. The 𝑝𝑟𝑜𝑏𝑖
is a probability which is a function of individual’s fitness and
calculated by equation 5.

𝑝𝑟𝑜𝑏𝑖 =
0.9× 𝑓𝑖𝑡(𝑖)

𝑚𝑎𝑥𝑓𝑖𝑡(𝑖)
+ 0.1 (5)
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Algorithm 2 FBBBO Algorithm

Generate a random set of solutions 𝐻1, 𝐻2, ...,𝐻𝑛;
Calculate HSI values;
while the termination criteria is not met do

MIGRATION
Sort the solutions from best to worst;
Compute 𝜆 and 𝜇 for each solutions based on 𝐻𝑆𝐼 ;
For any solution;
For any SIV (𝑘) (solution dimension);
Elect solution 𝐻𝑖 with probability ∝ 𝜆𝑖;
if 𝐻𝑖 is selected then

Elect habitat 𝐻𝑗 with probability ∝ 𝜇𝑗 ;
if 𝐻𝑗 is elected then
𝑛𝑒𝑤(𝐻𝑖𝑘) = 𝐻𝑖𝑘 + (𝛽)(𝐻𝑖𝑘 − 𝐻𝑗𝑘) +
𝐿𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝐹𝑎𝑐𝑡𝑜𝑟︷ ︸︸ ︷
(2.0− 𝑝𝑟𝑜𝑏𝑖) ×(𝐻𝐵𝑒𝑠𝑡𝑆𝑜𝑙𝑘 −𝐻𝑖𝑘);

end if
end if
MUTATION
Elect 𝐻𝑖(𝑆𝐼𝑉 ) based on 𝑚𝑖;
if 𝐻𝑖(𝑆𝐼𝑉 ) is elected then

Replace 𝐻𝑖(𝑆𝐼𝑉 ) with a randomly created SIV;
end if
Recompute 𝐻𝑆𝐼 values;

end while

The proposed strategy follows the approach that the probability
will be high for superior fit individuals while the probability
is low for inferior fit individuals.

Here, 𝑓𝑖𝑡(𝑖) is the fitness of 𝑖𝑡ℎ individual. Fitness is
calculated using the objective value (𝑓𝑖) as equation 6.

individual fitness (𝑓𝑖𝑡(𝑖)) =

{
1

1+𝑓𝑖
, if 𝑓𝑖 ≥ 0

1 + 𝑎𝑏𝑠(𝑓𝑖), if 𝑓𝑖 < 0
(6)

It expected that the true solution should be nearby to the
superior fit individuals and if step sizes of superior individuals
will be large then may be a chance of skipping global optima
due to greater step size.
Hence, the step size is lower for superior fit individuals
which are accountable for intensification and step size are
higher for inferior fit individuals which are accountable for
diversification.
In equation 4, the term (2.0−𝑝𝑟𝑜𝑏𝑖) is a learning factor (LF).
The value of LF will be low for high fit solutions (due to a
high value of 𝑝𝑟𝑜𝑏𝑖). Hence the step size will be low.

So, the individuals having a higher probability (higher
fitness) will move slowly and exploit the search space in its
neighborhood. While for the lower probability individuals, the
value of LF will be high (due to low value of 𝑝𝑟𝑜𝑏𝑖) so as
the step size. Therefore in the modified work, the superior fit
individuals exploit the solution search space, and inferior fit
individuals explore the search field. The proposed migration
process described in algorithm 2.

IV. RESULTS AND DISCUSSIONS

In this section, a fair experimental study will be presented
to establish the competitiveness of the proposed FBBBO.

A. Test problems

To analyze the validity of the FBBBO algorithm, 10 distinct
global numerical optimisation functions (𝑓1 to 𝑓10) are used
here, displayed in table I.

B. Parameter setting

To test the efficiency of FBBBO, a comparative experiment
is carried out among FBBBO, BBO, DE [6] and PSO [3] over
considered optimization test functions. Following experimental
parameters are adopted:

∙ pMutation=0.01
∙ Number of population=50
∙ Total number of iteration=5000
∙ Total number of runs=30
∙ Parameter selection settings for the algorithms BBO [8],

DE [6] and PSO [3] are imitated from their elementary
research papers.

C. Results comparison

Table II shows the experimental results of the FBBBO,
BBO, DE and PSO algorithms and also gives a description
of the standard deviation (𝑆𝐷), mean error (𝑀𝐸), average
number of function evaluations (𝐴𝐹𝐸) and success rate (𝑆𝑅).
Results in table II represent that maximum time FBBBO
better performs in terms of reliability, efficiency as well as
accuracy in comparison to the BBO, DE and PSO. Based on
boxplots and acceleration rate (AR) some more analysis has
been performed for results of FBBBO, BBO, DE and PSO
algorithms. Besides, boxplots [1] analysis is carried out for
comparing the examined algorithms in the form of combined
performance though it can efficiently depict the empirical
dispersion of data graphically. The boxplots for FBBBO, BBO,
DE and PSO are exhibited in figure 2. The results acknowledge
that interquartile range and medians of FBBBO are relatively
less. Further, all examined algorithms are correspondingly
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Fig. 2: Boxplots graphs (Average Number of Function
Evaluation)

compared by giving weighted importance to the 𝑆𝑅, 𝐴𝐹𝐸
and 𝑀𝐸. The performance indices which is portrayed in [1]
is measurement for the comparison.
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The resultant values of 𝑃𝐼 [1] for the FBBBO, BBO, DE
and PSO are computed and equivalent performance indices
graphs are shown in figure 3. The weighted importance of
SR, AFE and ME are characterized in figures 3(a), 3(b) and
3(c) subsequently.
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Fig. 3: PIs for test functions; (a) for weighted importance to
𝑆𝑅, (b) for weighted importance to 𝐴𝐹𝐸 and (c) for

weighted importance to 𝑀𝐸.

It is clear from figure 3 that 𝑃𝐼 of FBBBO are superior
to the other examined algorithms in each case i.e. FBBBO
outperforms on the examined test problems as compare to
BBO, DE and PSO.

AFEs are tested to analyzed the examined algorithms for
the convergence speed (CS) and lesser AFEs denotes the faster
convergence. Acceleration Rate (AR) [7] is used to analyze CS
and is calculated as in equation 7 for all examined algorithms.

𝐴𝑅 = 𝐴𝐹𝐸𝐴𝐿𝐺/𝐴𝐹𝐸𝐹𝐵𝐵𝐵𝑂 (7)

where 𝐴𝐿𝐺 ∈ 𝐵𝐵𝑂,𝐷𝐸,𝑃𝑆𝑂 and 𝐴𝑅 > 1 means that
FBBBO is speedy than the other considered algorithms. To
examine the AR [1] of the developed algorithm, as compared
to the BBO, DE and PSO, results of table II are analyzed
and the value of AR is evaluated using equation 7. Table III
shows a clear comparison among FBBBO-BBO, FBBBO-DE,
and FBBBO-PSO in terms of AR. It is clear from table III that
FBBBO converges faster than the other examined algorithms.

V. CONCLUSION

In this paper, fitness based individual’s position update
process is developed. In the proposed position update process,
the step sizes of the individuals are decided on the basis
of fitness. The developed process is named as Fitness Based
Biogeography Based Optimization (FBBBO) Algorithm. The
competitiveness of the developed strategy is acknowledged

TABLE II: Comparative result of Test Problems for FBBBO

TP Algorithm SD ME AFE SR

𝑓1

FBBBO 7.98E-07 9.50E-06 28965.00 30
BBO 1.28E-06 8.61E-06 60383.33 30
DE 4.28E-07 9.49E-06 42043.33 30
PSO 8.26E-01 7.79E-01 107183.33 15

𝑓2

FBBBO 1.69E-06 8.84E-06 28606.67 30
BBO 9.51E-07 9.09E-06 48673.33 30
DE 4.87E-07 9.58E-06 37901.67 30
PSO 4.47E-02 1.32E-02 158420.00 7

𝑓3

FBBBO 8.40E-07 9.01E-06 3918.33 30
BBO 5.66E-06 8.56E-06 42401.67 27
DE 2.28E-06 7.26E-06 7665.00 30
PSO 2.04E-06 7.49E-06 5243.33 30

𝑓4

FBBBO 3.20E-05 4.38E-05 3510.00 30
BBO 1.87E-05 7.40E-05 54626.67 30
DE 4.10E-05 6.55E+04 200000.00 0
PSO 3.18E-05 3.43E-05 1146.67 30

𝑓5

FBBBO 2.46E-07 5.38E-07 1605.00 30
BBO 1.56E-03 8.95E-04 153673.33 7
DE 2.24E-07 6.78E-07 2938.33 30
PSO 0.00E+00 4.00E+01 200000.00 0

𝑓6

FBBBO 1.17E-06 8.31E-06 4238.33 30
BBO 5.16E-05 4.76E-05 190210.00 4
DE 1.23E-06 8.72E-06 9996.67 30
PSO 1.09E-11 1.75E+04 200000.00 0

𝑓7

FBBBO 1.48E-06 8.42E-06 4276.67 30
BBO 2.87E-05 3.14E-05 182506.67 9
DE 1.81E-06 8.15E-06 10013.33 30
PSO 1.09E-11 1.96E+04 200000.00 0

𝑓8

FBBBO 2.49E-14 5.07E-14 1855.00 30
BBO 4.12E-05 1.92E-05 186843.33 2
DE 2.70E-14 4.98E-14 5938.33 30
PSO 2.79E-14 3.61E-14 2423.33 30

𝑓9

FBBBO 6.46E+03 1.01E+04 348.33 30
BBO 6.51E+03 4.52E+03 1493.33 30
DE 5.94E+03 5.41E+03 895.00 30
PSO 1.17E+03 1.32E+03 910.00 30

𝑓10

FBBBO 2.85E-16 7.24E-16 56391.67 30
BBO 2.81E-16 6.13E-16 147703.33 30
DE 6.21E-17 9.08E-16 58980.00 30
PSO 1.69E-16 7.88E-16 20440.00 30

TABLE III: Acceleration Rate (AR) of 𝐹𝐵𝐵𝐵𝑂 compare to
the conventional 𝐵𝐵𝑂, 𝐷𝐸 and 𝑃𝑆𝑂

TP BBO DE PSO
𝑓1 2.0847 1.4515 3.7004
𝑓2 1.7015 1.3249 5.5379
𝑓3 10.8214 1.9562 1.3382
𝑓4 15.5632 56.9801 0.3267
𝑓5 95.7466 1.8307 124.6106
𝑓6 44.8785 2.3586 47.1884
𝑓7 42.6750 2.3414 46.7654
𝑓8 100.7242 3.2013 1.3064
𝑓9 4.2871 2.5694 2.6124
𝑓10 2.6192 1.0459 0.3625

through various statistical analyses over 10 well known com-
plex optimization problems while comparing with DE and
PSO. In future, the developed strategy may be applied to solve
some complex continuous real world optimization problem.
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Abstract—Network cardinality is very crucial factor to ensure 
proper functionality of a network. Cardinality estimation of 
underwater network using the existing protocol based techniques 
is a severe challenge due to inimitable properties of underwater 
environment (such as strong background noise, non-negligible 
capture effect, limited bandwidth, long propagation delay, high 
path loss, node mobility etc.). For this reason, a statistical signal 
processing approach using cross-correlation of Gaussian signals 
received at multiple sensors has been investigated. Equidistant 
sensors have been used for estimation in three-sensor case of this 
technique. But, due to the hazardous condition of underwater 
environment, equal sensor spacing may not be possible in 
practical cases. To address this issue, effect of unequal sensor 
spacing on estimation results is analyzed in this paper.  

Keywords—Cardinality estimation; cross-correlation function; 
underwater acoustic channel; underwater acoustic sensor network; 
unequal sensor separation. 

I.  INTRODUCTION 

More than seventy percent (70%) of earth’s surface is 
enveloped with water. So, we have no choice but to utilize this 
vast resources for the welfare of mankind as a medium of 
reliable communication. Underwater acoustic sensor network 
(UASN) is one of the most desirable means of communication 
in aqueous environment as it has many valuable applications, 
such as oceanographic data collection, pollution monitoring, 
tactical surveillance, assisted navigation, tsunami warnings [1], 
oil/gas spills monitoring, and so forth. To make these 
applications viable, network cardinality estimation plays a vital 
role which assures proper network operations. So, it is very 
important to estimate the number of active nodes accurately 
within the region of interest of UASN. 

A number of cardinality estimation techniques have been 
investigated so far for various types of network. A cardinality 
estimation technique for mobile peer-to-peer (P2P) network 
has been proposed by Chen et al. [2] involving only a subset 
of nodes. Another new efficient method to establish the size of 
an unstructured P2P network has been introduced by Evans et 
al. [3]. In radio frequency identification (RFID) system, 
number of tag ID which refers to the network cardinality has 
been estimated using different protocols [4], [5]. Consensus 
based size estimation methods have been discussed in [6], [7]. 
Estreme, a neighborhood cardinality estimator has been 
proposed by Cattani et al. [8] to address the problem of 

neighborhood cardinality estimation in dynamic wireless 
networks. To estimate the size of wireless sensor networks, 
novel distributed algorithms based on distributed forms of 
Gram-Schmidt orthogonalization algorithms have been 
presented by Sluciak et al. [9]. These estimation techniques 
show poor performances in UASN due to the unique 
characteristics of underwater acoustic channel (UAC) [10]. To 
solve this issue, an underwater network cardinality estimation 
approach based on intermission between the nodes has been 
proposed by Blouin [11]. Considering non-negligible capture 
effect and large propagation latency of UAC, ALOHA based 
delay insensitive network size estimation technique using 
empty slot estimator has been investigated by Howlader et al. 
[12], [13]. But, all of these estimation techniques ([11]–[13]) 
are based on protocol(s) and suffer from protocol complexity 
in underwater environment. 

To reduce the protocol complexity, a novel estimation 
process based on cross-correlation of Gaussian signals 
received at two sensors has been introduced by Anower et al. 
[14] which is effective for any type of environment networks. 
Three-sensor version of this estimation process has been 
proposed by Chowdhury et al. [15], [16] to improve the 
estimation performance [17]. For cardinality estimation, three 
sensors can be arranged in two different ways: sensors in line 
(SL) arrangement and triangular sensors (TS) arrangement. In 
both arrangements, equal separation between the sensors has 
been assumed for estimation purpose. This might be difficult 
to achieve in deep water due to the waves and sea creatures. It 
is also troublesome to locate and retain the sensors at desired 
locations (to maintain equal sensor spacing) among the 
randomly distributed nodes.  

Therefore, the assumption of equidistant sensors creates 
serious limitations and requires further investigation. In this 
paper, to eliminate these limitations unequally spaced sensors 
are used for cardinality estimation using SL case of three-
sensor scheme and analyzed the effect of unequal sensor 
spacing on estimation results. 

II. METHODOLOGY 

A brief description of the cardinality estimation process 
using SL scheme [15], [16] is presented in this section. In this 
estimation process, a 3D spherical region has been considered 
as an UASN that contains N evenly distributed nodes and three 
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equally separated sensors (H1, H2 and H3) as shown in Fig. 1. 
These probing nodes (sensors) are placed in a line inside the 
UASN for estimation purpose, where the middle sensor (H2) 
lies at the centre of the sphere and the other two probing nodes 
(H1 and H3) are positioned such that, ݀ୈୗభమ (distance between 
H1 and H2) = ݀ୈୗమయ  (distance between H2 and H3) =  dDBS 
(distance between the equidistant pair of sensors). 

 

 
Fig. 1. Distribution of underwater network nodes with N transmitting nodes 
and three equally spaced sensors for SL scheme. 

 

These three sensors are considered as receiving nodes that 
receive Gaussian signals from the surrounding N nodes which 
are considered as the transmitting nodes. These sensors initiate 
the estimation process by sending probe request to N number of 
transmitting nodes which in response transmit Gaussian signals 
to the sensors. These Gaussian signals are summed at each 
sensor location to form composite Gaussian signals. By cross-
correlating these Gaussian signals two cross-correlation 
functions (CCFs), C12(τ) (formulated by cross-correlating the 
composite Gaussian signals ܵ୰ౙభ(ݐ) and ܵ୰ౙమ(ݐ) received at H1 
and H2, respectively) and C23(τ) (formulated by cross-
correlating the composite Gaussian signals ܵ୰ౙమ(ݐ) and ܵ୰ౙయ(ݐ) 
received at H2 and H3, respectively) is formulated in SL 
scheme. Due to simultaneous transmission from all nodes, the 
total estimation time is less for this scheme even at the 
presence of large propagation latency of UASN [17]. 

Gaussian signal has a certain characteristics that, cross-
correlation of two Gaussian signals results a delta function, 
which is the basic idea of this estimation approach and also the 
reason of using Gaussian signals as transmitted signals. Thus, 
CCF(s) due to the composite Gaussian signals takes the form of 
a series of delta functions [14] as shown in Fig. 2. Bins, b in the 
CCF (as shown in Fig. 2) is defined as a place occupied by a 
delta inside a space of a width twice the distance between 
sensors and that place is determined by the delay difference of 
the signals coming to the sensors [18]. The deltas of equal 
delay differences are placed in that particular bin. Number of 
bins, b is defined as twice the number of samples between the 
sensors, m, minus one and can be written as [18]: 

 

 

 ܾ = 2 × ݀DBS × ܵRܵP
− 1																															(1) 

Here, SR is the sampling rate and SP means speed of 
acoustic wave propagation. 

Ratio of standard deviation (σ) to the mean (µ), R of CCF is 
chosen as the cardinality estimation parameter of this process, 
as it is the most preferable estimation parameter of cross-
correlation based technique [19], [20]. Two estimation 
parameters, R12 and R23 are derived from two CCFs, C12(τ) and 
C23(τ), respectively, to calculate the final estimation parameter 
of SL scheme. Then, the final estimation parameter, ܴaverage

2CCF  of 
SL scheme is obtained by taking the average of R12 and R23, 
and can be expressed as [15]: 

ܴaverage
2CCF = ܴ12 + ܴ23

2
= 12ߤ12ߪ

+ 23ߤ23ߪ

2
																						(2) 

where, σ12 and σ23 are the standard devation and µ12 and µ23 
represent the mean of the CCFs, C12(τ) and C23(τ), respectively. 

Direct calculation of standard deviation and mean of the 
CCFs using mathematical expressions is very complex. So, the 
cross-correlation problem is reframed into a probability 
problem using the well-known occupancy problem [21], [22]. 
After reframing, R of CCF can be written as [14]: 

ܴ = ߤߪ = ටܰ × 1ܾ × ቀ1 − 1ܾቁܰ × 1ܾ = ඨ(ܾ − 1)ܰ 													(3) 

Using this expression, (2) can be expressed as: 

ܴaverage
2CCF = ܴ12 + ܴ23

2
= ටܾ12 − 1ܰ +ටܾ23 − 1ܰ

2
											(4) 

Here, b12 and b23 denote the number of bins of the CCFs, 
C12(τ) and C23(τ), respectively. In this case, b12 = b23 = b 
according to (1); as the values of SR and SP are fixed during the 
estimation process and ݀ୈୗభమ = ݀ୈୗమయ = ݀DBS . Hence, (4) 
becomes [15]: 

ܴaverage
2CCF = ܴ12 + ܴ23

2
= ඨ(ܾ − 1)ܰ 																						(5) 
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Fig. 3. Block diagram representation of the estimation process for SL scheme. 

Using (5), N can be estimated, as we know b from (1) and 
can calculate ܴaverage

2CCF  from the CCFs. The total estimation 
process of SL scheme is represented through a block diagram 
in Fig. 3. 

Since all the transmitted Gaussian signals are combined at 
the sensors and node specific signals are irrelevant for 
cardinality estimation, the concept of capture effect does not 
apply to this method. Moreover, this technique requires a 
simple protocol for probing to initiate the simultaneous 
transmission, which eliminates the problem of using medium 
access control protocol in underwater network. But, limited 
underwater bandwidth (BW) restricts the use of infinite band 
Gaussian signals. For this reason, band limited Gaussian 
signals have been used to effectively estimate the cardinality of 
UASN [23], [24]. 

III. EFFECT OF UNEQUAL SENSOR SPACING 

In previous section, estimation is performed using SL 
scheme with equal distances between the sensors. This section 
investigates the effect of unequal sensor separation on the 
estimation process. In this investigation, three unequally spaced 
sensors denoted by H1, H2 and H3, are considered along a line 
to perform estimation, where the middle sensor (H2) is placed 
at the centre of the spherical shaped network as shown in Fig. 
4. Unequal spacings between the sensors of Fig. 4 suggest that, ݀ୈୗభమ ≠ ݀ୈୗమయ ≠ ݀ୈୗయభ (distance between H3 and H1). 

Network cardinality estimation process with unequally 
separated sensors using SL scheme is similar to that of equally 
spaced sensors as described in Section II. Therefore, final 
estimation parameter of SL scheme with unequal sensor 
separation, ܴunequal:SL

2CCF  can be calculated similarly as discussed 
in the previous section by taking the average of the estimation 
parameters, R12 and R23, obtained from the CCFs, C12(τ) and 
C23(τ), recpectively. After reframing the cross-correlation 
problem into a probability problem using the well-known 
occupancy problem, ܴunequal:SL

2CCF  of CCFs can be written using 
(4) as:  

 
Fig. 4. Distribution of underwater network nodes with N transmitting nodes 
and three unequally separated sensors for SL scheme. 

ܴunequal:SL
2CCF = ܴ12 + ܴ23

2
= ටܾ12 − 1ܰ +ටܾ23 − 1ܰ

2
								(6) 

Now, b12 and b23 can be expressed using (1) as: ܾ12 = 2 × ݀ୈୗభమ × ܵRܵP
− 1																												(7) 

and ܾ23 = 2 × ݀ୈୗమయ × ܵRܵP
− 1																												(8) 

respectively. In this case, b12 ≠ b23 according to (7) and (8); as 
the values of SR and SP are fixed during the estimation process 
and ݀ୈୗభమ ≠ ݀ୈୗమయ . Consequently, it is not possible to 
simplify (6) any further. Network cardinality, N can be 
estimated after rearranging (6) as follows: 

ܰ = ቆඥܾ12 − 1 + ඥܾ23 − 1
2 × ܴunequal:SL

2CCF ቇଶ 																							(9) 
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To obtain a relationship between equal and unequal sensor 
separation cases of SL scheme, ratio of estimation parameters 
of these cases, ܴaverage

2CCF  and ܴunequal:SL
2CCF , respectively, is taken as:  

ݎ = ܴaverage
2CCFܴunequal:SL

2CCF = ට(ܾ − 1)ܰටܾ12 − 1ܰ + ටܾ23 − 1ܰ
2

 

i.e.,  												ݎ = ܴaverage
2CCFܴunequal:SL

2CCF = 2√ܾ − 1ඥܾ12 − 1 + ඥܾ23 − 1 														(10) 

From (10), we can write: ܴaverage
2CCF = ݎ × ܴunequal:SL

2CCF 																														(11) 

This is the relationship between the estimation parameters 
of SL scheme with equal and unequal spacings between the 
sensors. It is obvious from (11) that, similar ܴaverage

2CCF  and ܴunequal:SL
2CCF  is possible, if r = 1. Hence, we can formulate a 

condition to obtain similar ܴaverage
2CCF  and ܴunequal:SL

2CCF  by putting r = 
1 in (10) as follows:  

2√ܾ − 1ඥܾ12 − 1 + ඥܾ23 − 1 = 1 

i.e.,																		ܾ = ൫ඥܾ12 − 1 + ඥܾ23 − 1൯ଶ + 4

4
																			(12) 

Another CCF, C31(τ) (formulated by cross-correlating the 
composite Gaussian signals received at H3 and H1) can be used 
for estimation in unequal sensor spacing case of SL scheme. 
This CCF is not considered in equal sensor separation case, as 
only the CCFs due to the equidistant pair of sensors are used 
for that case. Considering the additional CCF, C31(τ), the final 
estimation parameter of SL scheme with unequally separated 
sensors can be obtained by averaging the estimation 
parameters, R12, R23 and R31, derived from the CCFs, C12(τ), 
C23(τ) and C31(τ), respectively, and can be expressed as: 

ܴunequal:SL
3CCF = ටܾ12 − 1ܰ + ටܾ23 − 1ܰ +ටܾ31 − 1ܰ

3
						(13) 

Here, b31 represents the number of bins of C31(τ) and can be 
written using (1) as: ܾ31 = 2 × ݀ୈୗయభ × ܵRܵP

− 1																									(14) 

It is obvious from (7), (8) and (14) that, b12 ≠ b23 ≠ b31. In 
SL scheme, the sensor arrangements are such that, ݀ୈୗయభ =݀ୈୗభమ + ݀ୈୗమయ  as shown in Fig. 4. Now, by putting this 
relationship into (14), we can write: ܾ31 = ܾ12 + ܾ23 + 1																																(15) 

Accordingly, (13) becomes, 

ܴunequal:SL
3CCF = ටܾ12 − 1ܰ +ටܾ23 − 1ܰ +ටܾ12 + ܾ23ܰ

3
					(16) 

The condition of identical results for ܴaverage
2CCF  and ܴunequal:SL

3CCF  
is derived in similar way as shown earlier and can be expressed 
as: 

ܾ = ൫ඥܾ12 − 1 + ඥܾ23 − 1 + ඥܾ12 + ܾ23൯ଶ + 9

9
						(17) 

It is noted that, b12 and b23 are the two different number of 
bins of the two CCFs for unequal sensor separation case and b 
is the number of bins of these two CCFs for equal sensor 
separation case.  

IV. RESULTS AND DISCUSSION 

Matlab is used for simulation purposes. Some useful 
simulation results of SL scheme with unequal sensor spacing 
are presented in this section to verify the estimation process 
described in Section III. The parameters used in the simulations 
are shown in the Table I. 

TABLE I.  SIMULATION PARAMETERS 

Parameters Values 
Dimension of the sphere, D 2000 m 
Signal length, Ns 106 samples 
Sampling rate, SR 30 kSa/s 
Speed of propagation, SP 1500 m/s 
Absorption coefficient, a 1 
Dispersion factor, k 0 
SNR 20 db 
Distance between the sensors, ݀ୈୗ, ݀ୈୗభమ, and ݀ୈୗమయ 0.8m, 0.25m, and 1.25m (can be 

varied) 

(a) 

(b) 

Fig. 5. ܴunequal:SL
2CCF  versus N plots for SL scheme with unequal sensor separation

using different ݀ୈୗభమ and ݀ୈୗమయ. 
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      Simulated results of ܴunequal:SL
2CCF  and ܴunequal:SL

3CCF  are plotted 
against N in Fig. 5 and 6, respectively, with the corresponding 
theoretical results (obtained using (6) and (16), respectively) 
for different ݀ୈୗభమ  and ݀ୈୗమయ . The values of ݀ୈୗభమ  and ݀ୈୗమయ are: 0.25m and 1.25m in Fig. 5(a) and 6(a); and 0.5m 
and 1.0m in Fig. 5(b) and 6(b), respectively. In these figures, 
the solid lines indicate the theoretical results and the circles the 
corresponding simulated results. Matching theoretical and 
simulated results of ܴunequal:SL

2CCF  and ܴunequal:SL
3CCF  in Fig. 5 and 6, 

respectively, indicate the effectiveness of the cross-correlation 
based cardinality estimation process using unequally separated 
sensors. 

Estimation is performed using simulations to validate the 
conditions ((12) and (17)) formulated in the previous section 
which result similar estimation parameters for equal and 
unequal sensor spacing cases. Fig. 7 and 8 show the identical 
results of: ܴaverage

2CCF  and ܴunequal:SL
2CCF ; and ܴaverage

2CCF  and ܴunequal:SL
3CCF , 

respectively. In Fig. 7 and 8, the solid lines represent the 
theoretical results and the circles and stars represent the 
simulated results with equal and unequal distances between the 
sensors, respectively. The values used in Fig. 7 and 8 are: b = 
31 (dDBS = 0.8m), b12 = 19 (݀ୈୗభమ  = 0.5m) and b23 = 46 
(݀ୈୗమయ  = 1.175m) which satisfies (12); and b = 40 (dDBS = 
1.025m), b12 = 19 (݀ୈୗభమ  = 0.5m) and b23 = 44 (݀ୈୗమయ  = 
1.125m) which satisfies (17), respectively.  

It is obvious from Fig. 7 and 8 that, the two simulated 
results agree with each other and both follow the theoretical 

results. These results demonstrate the usefulness of the 
conditions derived in Section III. The results obtained in this 
paper are based on an assumption that, the sensors receive 
equal power from the nodes which can be achieved by applying 
proper probing technique. However, the assumption of equal 
received power has been further investigated with equal 
transmitted power of the nodes to analyze the effect of 
dispersion coefficient on the estimation process [26]. 

V. CONCLUSION 

The distances between the sensors are an important factor 
for cross-correlation based cardinality estimation technique as 
number of bins of the CCFs depend on them. But, the 
constraint of equal sensor spacing in three-sensor schemes 
makes practical implementation of these schemes difficult in 
harsh underwater environment. So, it is preferable to have a 
estimation process that is effective in both equal and unequal 
sensor separation cases. This paper focuses on the use of 
unequally separated sensors using SL scheme to obtain a 
flexible estimation method. 

The effectiveness of this method is verified by simulations 
in the previous section. Unequal distances between the sensors 
allow SL scheme to use an additional CCF which might 
improve the estimation performance in terms of accuracy and 
required estimation time [16]. Current research is going on to 
compare the estimation performance of equal and unequal 

(a) 

(b) 

Fig. 6. ܴunequal:SL
3CCF  versus N plots for SL scheme with unequal sensor separation

using different ݀ୈୗభమ and ݀ୈୗమయ. 
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Fig. 8. R versus N plot comparisons of results for theoretical and simulated 
with equal (ܴaverage

2CCF : b = 40) and unequal (ܴunequal:SL
3CCF : b12 = 19 and b23 =44) 

sensor separation using SL scheme. 
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sensor separation cases in terms of accuracy, required 
estimation time and energy. In future, we intend to provide a 
more flexible estimation method by removing the assumption 
of spherical shaped network, central placement of sensors, and 
uniform distribution of the transmitting nodes. Moreover, we 
intend to conduct experimental estimation using this technique. 
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Abstract—Spectrum of hypernasal speech produced by cleft 

palate (CP) speakers carries acoustic information regarding 
hypernasality (HP). This study compares the variation of acoustic 
features of HP in continuous read speech with gradually 
increasing severity of HP within and across gender and detect HP. 
Three point vowels /i/, /a/ and /u/ from continuous read speech 
produced by seven male and seven female speakers are used. In 
first part of this study, comparative study of variation in acoustic 
parameters within and across vowel category of males and females 
are made. Experimental results show considerable variability in 
spectral features among CP subjects. High back vowel /u/ shows 
greatest variability for both males and females. Mid low vowel /a/ 
shows least variation among the vowels for females and high front 
vowel /i/ shows least variation for males. The inter-speaker 
variability measurement suggests that high back vowel /u/ is 
mostly affected and has the highest variability. In the second part, 
ratio of vowel space area (VSA) of hypernasal and normal speech 
is used as a threshold for HP detection. Results show that VSA 
spanned by CP males is shrunken by 3.7 times than CP females. 
This indicates that VSA spanned by CP females is larger compared 
to CP males.  

Keywords—acoustic feature; cleft palate; continuous read 
speech; cross gender; hypernasality; speech analysis; 
velopharyngeal opening; vowel space area 

 

I.  INTRODUCTION  

Cleft Palate speakers’ with defective velopharyngeal (VP) 
mechanism produces hypernasal speech with reduced 
intelligibility [1]. HP and is the second most frequent congenital 
malformation worldwide [2].  Detection of HP using speech 
processing techniques is useful for it’s simplicity for the 
diagnosis of CP speakers. It aids to decide the severity of HP 
and what support (surgery or speech therapy) is to be provided 
to the CP speakers by the physicians.  

In 1971, a detailed analysis of the variation in the voice tone 
measurement was done [3]. Fant found that for a nasalized 
vowel, oral-nasal coupling introduces an additional pole-zero 
pair into the oral vowel [4]. HP detection is performed by many 
researchers by analyzing the disordered speech, synthesized 
hypernasal speech, and nasalized vowels of normal speech. 
Main features of nasalization are changes in the low-frequency 
regions of the speech spectrum, where there is a very low-
frequency peak with wide bandwidth along with the presence 
of a pole-zero pair due to the acoustic coupling was shown by  

 
Fig. 1.  Vocal tract transfer function for /i/ and /i/ for normal and CP male (M) 
and female (F) speakers. 

Hawkins and Stevens [5] and Glass and Zue [6]. HP detection 
was done by using Teager energy operator for multicomponent 
signals by Cairns et al. [7].  Presence of zeros in spectrum is 
used as a cue for the detection of HP by Rah et al [8].  From the 
literature, it is observed that the acoustic cues of hypernasal 
speech are additional formants, antiformants, formant 
bandwidth broadening. Study on perceptual analysis was 
carried out on the vowel sounds by adding nasal formants in 
spectrum [9-10], showed that formant at 250 Hz plays 
important role in the nasalization of vowels. Group delay 
function was used successfully used for hypernasality detection 
using acoustic features of speech in CP speakers [10-11]. 

Vowel Space Area (VSA) is the two-dimensional area 
bounded by lines connecting first and second formant 
frequency coordinates (F2/F1) of vowels [12].  VSA has been 
used for various purpose such as studying vowel identity, 
speaker characteristics, speech development, speech disorder, 
vowel distinctiveness and assess intelligibility that influences 
vowel production [13-15]. As frequencies of the first and 
second formants is related to the size and shape of the cavities 
created by mouth opening (F1) and tongue position (F2), the 
VSA reflects the movement of the speech articulators.  In 
general, studies have shown that VSA is larger in speech that is 
clearer and more intelligible than speech associated with 
smaller VSAs. Abnormal vowel formant change 
(centralization) is a common feature of speech production 
deficiency, VSA estimation is used for characterizing speech 
motor control, including speech development, speech disorders. 
In a study with large database, automatic assessment of VSA 
was done and is reported to have good result than the traditional 
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method of VSA measurement [16]. In another study it was 
found that psychological distress and depression reduces the 
VSA [17]. Hypernasal vowel speech near a plosive of CP 
children were analyzed and proposed an objective measure. It 
was found that mean falling and rising slopes of the amplitude 
in the nasalized vowel are smaller than those of the oral vowel 
[18]. Recently, perceptual speech intelligibility and speech 
production variability in disordered speech was studied using 
various measures and found that among the various acoustic 
measures VSA was drastically reduced for children with 
cerebral palsy [19]. Spectral enhancement is done for cleft lip 
and palate speech and is reported to have better intelligibility 
than the speech after repaired surgery [20].  

Most of the study on acoustic analysis of HP is based on 
isolated sustained vowel for HP. Variation of spectral features 
and HP was carried out using simple method and VSA in a 
study for CP males using continuous speech [21]. There is less 
work reported on cross gender comparative study for variation 
in speech parameters with defective VP opening causing 
hypernasal speech in continuous read speech sentences which 
exhibit greater complexities with respect to speech 
intelligibility, which formed the motivation for this study. This 
study aims to investigate how useful the extracted speech 
parameter information from continuous read speech rather than 
isolated sustained vowel to capture the defect in speech 
production articulators in terms of VSA for the detection of HP. 
This report presents a comparative cross gender study on the 
VP opening variability on speech features and the relationship 
between HP detection using VSA in read speech. 

Nasality has similarity with HP in production which is 
reflected in acoustic features. Most of the study is concerned 
with nasalization of vowels near a nasal consonant to make a 
comparison with HP. In this study Bangla nasal vowels are used 
to make a comparison of HP with nasality. In Bangla, all the 
seven vowels have their nasal counterpart. Bangla is a language 
in which nasality is phonemic. Thus to make a comparison 
between nasality and HP, Bangla oral and nasal vowels are 
taken into account and used as reference. This study is 
performed to answer the following research questions: 

1) To what extent vocal tract features are affected by 
variation of HP within and across vowels? How these 
effects differ across gender? 
2) To what extent does the VSA of CP speakers’ is 

affected by HP as compared to the normal speaker? How these 
effects differ from male to female? 

The rest of the paper is organized as follows: 

Section II describes about speech materials, Section III 
discusses about the acoustic analysis procedure, Section IV 
discusses about results and discussions. Section V concludes 
the paper. 

II. SPEECH MATERIALS  

The aim of this section is to describe how the speech 
samples are acquired. Front, mid and back vowels /i/, /a/ and /u/ 
of English and Bangla language are selected as the speech 
samples of the study. The experimental part consists of 
recording each of the isolated Bangla oral-nasal vowels at a 

normal speaking rate three times in a quiet room in a DAT tape 
at a sampling rate of 48 kHz and 16 bit value.  The best one of 
these three speakers sample data is used for the study. Speech 
data for three English vowels /i/, /a/ and /u/ of normal and CP 
speakers with gradually increasing severity of HP are obtained 
from read speech data of American Cleft Palate Craniofacial 
Association. A stable portion is cut from each of the selected 
vowel for the purpose of our work. These digitized speech 
sound are then downsampled to 22050Hz and normalized for 
the purpose of analysis.  Vowels uttered by non-CP speakers 
are used as reference. 

Three types of 60 data used are: 

• 12 Isolated uttered Bangla data = 3 Bangla oral (BO) 
and Isolated uttered 3 Bangla Nasal (BN) vowel data 
obtained from 1 male and 1 female Non-CP Bangla 
speakers. 

• 6 English data segmented from continuous English 
read speech = 3 English oral (EO) vowel data of 1 male 
and 1 female Non-CP English speakers. 

• 42 EO data segmented from continuous English read 
speech = 3 data of 7 males and 7 females CP English 
speakers.  

III. ACOUSTIC ANALYSIS OF NORMAL AND HYPERNASAL 

SPEECH  

Speech signal is non-stationary in nature, but it can be 
assumed to be stationary over short duration called frames by 
windowing for the purpose of analysis. Speech signal is 
analyzed frame-wise, with a frame-rate of 50-100 frames/sec, 
and for each frame the duration of speech segment is taken to 
be 20-30 msec. A new frame is obtained by shifting the 
Hamming windowing function by 10msec to a subsequent time. 
After normalization and windowing, the speech samples are 
ready to be used for analysis.  

Linear Predictive Coding (LPC) analysis decomposes 
digitized speech signal into it’s fundamental frequency (F0 and 
it’s amplitude i.e. loudness of the source) and the vocal tract is 
represented by all pole filters, which can be modeled by a 
number of coefficients known as LPC order. The vocal tract 
system is excited by an impulse train for voiced speech or a 
random noise sequence for unvoiced speech. Thus, the 
parameters of this model are: voiced/unvoiced classification, 
pitch period for voiced speech, gain parameter G, and the 
coefficients {ak} of the digital filter. Eq. 1 expresses the transfer 
function of the filter model in z-domain, where V(z) is the vocal 
tract transfer function. G is the gain of the filter and {ak} is a set 
of autoregression coefficients called Linear Prediction 
Coefficients. The upper limit of summation, p, is the order of 
the all-pole filter.  

(ݖ)ܸ  = ீଵି∑ ೖ௭షೖೖసభ 																																				(1) 
Speech samples are analyzed by LPC method using LPC 

order 28. The selected speech samples are windowed using 
hamming window of 20ms at 10ms interval. Acoustic 
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parameters (vocal tract parameters) are extracted from a stable 
portion of segmented vowels and are documented. 

IV.      RESULTS AND DISCUSSION 

To study the cross gender variation of acoustic features with 
HP and assess HP within and across CP speakers, scatter plots 
and VSA are utilized. Fig. 2 shows the block diagram of the 
working procedure. Female spectrum is not as clear and concise 
for formant extraction for some CP speakers as compared to 
male spectrum. Therefore, it was comparatively easier to 
extract formants from male spectrum than female spectrum. 
Vowels are selected for this study as these are reported to form 
simplest relationship between vocal tract configuration and 
formant frequencies during it’s production. 

To answer the research questions stated in section I: 

First, the values of the vocal tract parameters (first and 
second formants, F1 and F2) of the vowels are documented.  

Second, a comparison on the variation of the measured 
vocal tract parameters of males and females is conducted.  

Finally, VSA of CP speakers is compared to Non-CP 
normal VSA to assess HP within gender. HP detection variation 
among males and females are investigated to make a 
comparison.  

A. Comparative Study of Acoustic Feature Variation 

 Vocal tract transfer function for nasal vowel and various 
degree of HP is plotted in Fig. 3. As the severity of 
hypernasality increases, changes are visible as compared to the 
nasal vowel spectrum. New spectral peaks are visible at near 
about F1 and F2 noticeably around 200Hz, 500Hz, 1 kHz, 1.5 
kHz depending on the vowel. Each vowel is represented by their 
F1 and F2 values displayed on scatter plots as shown in Fig. 4. 
The scatter plot of F1 and F2 for vowels reflects the inter-
speaker variation within vowel and across vowels making them 
useful for differentiation and identification of vowels. Fig. 4 
plots the individual and mean formant values (F1 and F2, in 
Bark) in vowel space for the vowels /i a u/. Each point 
represents the mean of three formant measurements per 
speaker.  

In the considered utterance context, various degrees of inter-
speaker variability is measured in terms of standard deviation 
about the mean. Variability of acoustic features among CP 
speakers are calculated and observed to be different depending 
on the vowel within and across gender. For pronouncing normal 
/i/ articulator is characterized by semi-openness, and has the 
highest front position among the vowels. /i/ and /u/ has the 
lowest F1 among the vowels. Among vowels, /u/ has the highest 
back position. During the production of /u/, articulators are 
characterized by lip-rounding, closeness, backness.  

The inter-speaker variability among CP subjects for /i/ is 
0.96 with mean (4.9, 13.82) for male and 1.23 with mean (3.7, 
14.2) for female. For /a/ the variability is 1.13 with mean (5.65, 
10.46) for male and 0.71 with mean (7.2, 10.9) for female. For 
/u/ variability is 2.05 with mean (4.58, 9.64) for male and 3.06 
with mean (3.6, 8.6) for female. Vowel /u/ shows the highest  

 
Fig. 2. Block diagram of working procedure for spectral variability and HP 
assessment. 

 

 
Fig. 3.  Spectrum of /i/ (a) of English hypernasal CP2 of Male (MCP2) and 
Female (FCP2) (b) English hypernasal CP8 of Male (MCP8) and Female 
(FCP8). 

variability within and across speakers in the concerned speech 
data reflecting the differences in articulatory openness for some 
speakers. From the inter-speaker variability measurement it is 
observed that high back vowel /u/ is mostly affected and has the 
highest variability. In males, vowel /i/ is least affected and has 
the lowest variability with HP. In females /a/ is least affected. 
The amount of inter-speaker variability of CP speakers in the 
high front vowels /i/ is less than open vowel /a/ for males. 
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Fig.  4.   Scatter plot of /i a u/ for CP Male (M) and Female (F) speakers. 

B. Variability of VSA and HP Detection 

  In the second part, VSA is calculated for all 18 speakers. 
VSA obtained from Non-CP speakers is taken as reference. 
Ratio of VSA of hypernasal speech and normal speech is 
calculated and used as a measure for HP detection. Oral and CP 
hypernasal VSA and their graphical plot is shown in Fig. 5. 
Average value of VSA of CP male (MCP_AVG) and CP female 
(FCP_AVG) speaker is indicated by thick solid triangle and thin 
solid triangle. Fig. 5 shows average VSA of all speakers 
spanned by mean values for the three repetitions for each of the 
three vowels. The differences between isolated oral VSA, 
isolated nasal VSA, read speech average VSA of CP speakers 
is investigated.  

Four types of VSA are obtained. VSA of isolated oral vowel 
has the highest area. Isolated nasal vowel VSA has the second 
highest area. Read speech English vowel of non-CP speakers 
has the third highest area.  The lowest VSA is obtained for 
average of CP speakers read speech. The results show that for 
males  

VSAisolated.oral >VSAisolated.nasal >VSAread.oral >VSAHP 

For females, 

VSAisolated.oral >VSAisolated.nasal >VSAread.oral >VSAHP 

For both males and females, the acoustic vowel spaces show 
how the isolated VSA distanced from the nasal VSA, read 
speech VSA and the hypernasal speech VSA. As observed from 
Fig. 5, as the degree of HP increases, VSA changes. As the VP 
opening of CP speakers increases gradually VSA changes, but 
no gradual change is observed. This may be related to the 
individual vocal tract characteristics of each speaker. Ratio of 
vowel space (VSAind/VSAref) of individual’s VSA (VSAind) and 
the reference VSA (VSAref) is calculated to characterize how 
large the individual’s vowel space of CP speakers is to the 
reference (EO and BN) VSA.  

Results plotted in Fig. 6 shows the vowel space ratio 
obtained across various VP opening conditions by taking EO 
and BN as the reference for both males and females. While 
taking EO as reference the maximum value of ratio came out to 
be 0.43 for male and 0.88 for females.  While taking BN as 
calculated and used as a measure for HP detection. Oral and CP 
reference the maximum value of ratio came out to be 0.65 for 

 
Fig. 5.  Various VSA in F1xF2 plane for males and females (Top) and some 
graphical plot of VSA within and across gender (Bottom). 

 
Fig.  6.   Vowel space ratio across various VP opening conditions taking BN 
(Top) and EO (Bottom) as reference. 

male and 0.74 for females. These measures may be used as 
threshold for determining HP. Female CP average VSA is 
observed to be 3.7 times more than average VSA obtained for 
male. Euclidean distance measure between male and female 
VSA in /i/ is 1.29, /a/ is 1.75 and /u/ is 0.75. This reduction in 
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VSA appropriately reflects the effect of HP of CP female 
speakers across various conditions of severity. 

It is understood that due to the effect of HP speech clarity is 
reduced in both males and females. Therefore as observed, VSA 
can differentiate hypernasal speech from normal vowel 
articulation indicating it’s relation to the sensitivity to 
interspeaker variability. VSA of connected read speech of CP 
speakers may be used for detecting HP of CP speakers across 
various conditions of severity.  

V. CONCLUSION  

This study reports the outcomes of the experimental 
observations obtained by comparing acoustic characteristics of 
males and females with increasing severity of HP and brings 
together the isolated Bangla oral and nasal vowels and 
continuous read speech English vowels of normal and CP 
speakers. The main objective of this work is to make a 
comparative study for the variation of acoustic features for CP 
male and female speakers due to various VP opening and 
detection of HP using VSA. For this purpose, VSA is estimated 
for each of the selected speakers utilizing extracted acoustic 
features. The evolution of VSA with the 7 degrees of hypernasal 
articulation is analyzed. This triangle consists of the first two 
formants of three vowels /i/, /a/ and /u/ represented in the vowel 
space. Interspeaker variability of HP among CP male and 
female speakers is measured by calculating mean and standard 
deviation of the selected vowels.  /u/ shows the most variability 
in both males and females. Second conclusion is the significant 
reduction of the VSA in both CP male and female speakers as 
speech becomes disordered. VSA of females shows greater 
excursion than males.  

Continuous read speech is articulated differently from 
isolated vowel. This study can be further be extended to make 
a comparison with sustained isolated hypernasal vowel data of 
CP speakers. The results of this study depended on a particular 
set of target vowel data of some continuous read speech. In 
future research, the data collection can be expanded to include 
different contexts, speech styles, include all vowels of a 
language. 
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 Abstract— In this paper, we propose a method to detect and 
recognize different types of drinks with a view to estimate its 
nutrient values using vision based algorithms. We use visual 
saliency and thresholding techniques to segment out the drink 
region from the image. After detection, both speed up robust 
features and color based visual features are used to create a Bag 
of Features (BoF). This BoF model is employed for recognition of 
drinks. Based on experimentation, our proposed method 
confirms that it is capable of detecting and recognizing different 
drinks categories with an accuracy greater than 89%. 

 Keywords—Drinks classification; Color based BoF; Speed up 
robust features (SURF); Mean-shift segmentation. 

I. INTRODUCTION 
    According to a survey report published in June 2016, 38% 
of U.S. grownups and 17% of youngsters are enduring from 
obesity [1]. Although the ratio is quite tremendous, the great 
news is that people all over the world are becoming more 
sensible at taking healthy foods and drinks because the 
quantity of calories they consume has an immediate influence 
on their health. Researchers found that proper food and diet 
patterns could guard upon diabetes, heart disease, stroke and 
other chronic complications. Therefore, a self-regulating 
system can show the nutritive quantity of different drinks that 
can help an individual to decide whether a particular drink is 
good for his/her health or not. 

    There are some food recognition methodologies proposed 
in these papers [2], [3], [4], and [5]. All these approaches 
focused on solid foods.  Still manual assessment is required in 
the procedure for food recognition and finding out its nutrient 
value [2]. Therefore, it is a monotonous course. We use 
Google frequently to ascertain a particular drink composition, 
but it takes a lot of time.  
 
   Our methodology will provide an approach that would 
recognize drinks from a set of cluttered images and be able to 
detect and display their nutrition fact.   

    In contrast to existing methods as mentioned in paper [4] 
and [5] where only colour and shape attributes are focused, we 
introduced more diverse attributes that extents to colour, 
texture and saliency. Previously, Parisa Pouladzadeh et.al [3] 
proposed a method that worked with solid foods and used 

SVM technique on the classification steps. In our proposed 
system, we used Bag of Features (BoF) technique rather than 
SVM, since it is easy to execute, takes minor processing time, 
and gives approximately the identical accurateness. 

      The organization of this paper is as follows: section II 
gives the overall procedure of our proposed system that 
consists of two parts. The first step is pre-processing of 
segment drink region and then we move on to our learning 
and recognition step. In section III, we delineate about the 
data sets that we have employed and in section IV, the 
experimental results are presented. Eventually, our paper 
concludes in section V. 

II. METHODOLOGY 
    It is very important for our method to detect the object 
region as accurately as possible because it classifies the 
segmented drinks based on its color and shape. That is why 
we need lots of pre-processing to determine the region that 
contains our object of interest. The scheme of our proposed 
method shown in Fig. 1. 
     
     All the steps to extract the object of interest from original 
image are given below. 

A. Detection of Object of Interest 

i. Salient area detection 
      Visual saliency enables us to focus on only the desired 
portion on an image with complex scene [6]. We employed 
graph based visual saliency detection method in our system. It 
is a bottom up technique consist of two stages. At first, it 
forms an activation map using features extracted over the 
image plane and then normalizes the activation map to 
generate a saliency map [7]. Then we create a binary mask 
and project it on the earliest image to discover the region that 
contains 70% saliency. Most of the background scenes are 
excluded from the given image using this map.  
 

ii. Segmentation 
      Our saliency detection step can identify only the most 
salient part of the input image rather than the salient object 
itself. That is why we need a segmentation technique to 
partition the image into multiple regions.  There are various 
image segmentation techniques available. K-means clustering 
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and mean-shift are two most used methods because of their 
simplicity and less computation time. In K-means technique, 
the number of clusters that will be used needs to be known. 
But as mean shift is a non-parametric algorithm, it does not 
assume anything about number of clusters. That is why we 
select mean shift segmentation for our method [8]. Mean Shift 

 
Fig. 1:  Overall block diagram of our proposed method. 

 

algorithm uses the Gaussian Kernel function presented in Eq. 
(1) to calculate the distance between the points. 
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     The algorithm will select each of the points, bound an area 
around them and calculate the position of the centroid in this 
density area using the function presented in Eq. (2).    
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    This segmentation method partitions our image into several 
coherent regions based on RGB color in such a way that each 
region has a particular property.  

iii. Color based thresholding 

    Color based thresholding method can be used to track an 
object of any color from an input image [9], [10]. Since our 
original image may contain a cluttered scene and have many 
different objects, after segmentation we may get an image that 
contains our object of interest as well as some other objects 
too. So, we use HSV color based thresholding to detect the 
region of drink object. HSV color model is a cylindrical 
geometric, with hue (H) as angular dimension, starting at the 

red primary at 0°, passing through the green primary at 120° 
and the blue primary at 240° and then wrapping back to red at 
360° [11], [12].   

     HSV tries to capture the color components in the same 
way, as humans perceive color. As we have to work with lots 
of images, we have found that an identical object provides 
different RGB color information in several images due to 
differences in brightness, shadow etc. H is the true color and 
insensitive to noise and brightness change. For this reason, we 
chose HSV color based thresholding in our method.  

    The output image that we have found from our 
segmentation step is used as an input for the thresholding step. 
Once we completed thresholding, we have an image that 
contained only drinks of a particular color. From this image, 
we create a binary mask and project it on the original image to 
segment out the partial image containing the drinks. This is 
the overall process of object detection and extraction from a 
raw input image. 

    The combination of visual saliency, mean shift 
segmentation and thresholding process enables our system to 
segment out the drink from images.  

B. Learning and Recognition  

    All the steps we have delineate above together help us to 
extract a drink region from a cluttered image. This section 
demonstrates how we use computer vision system to learn 
this. Bag of Features (BoF) methods is a well-established 
computer vision approach, which has been applied to image 
classification, object detection, image retrieval, and even 
visual localization [13]. We have selected both color and 
SURF based BoF-based systems because it gives better results 
than other approaches for image classification and image 
retrieval, while being computationally cheaper and 
conceptually simpler. 

    We use SURF (Speed up robust features) descriptor [13] in 
our method because it consists of both feature detection and 
representation aspect and it works faster than other methods 
like SIFT (Scale Invariant Feature Transform) descriptor [14]. 
A random subset of images from the dataset is chosen for 
training our classifier. 
 
     In SURF technique, at first we perform the detection of 
interest point (points that are likely to be found in different 
images of same object again) for an image. The output of this 
process is a set of key points that specify locations in the 
image with corresponding scales and orientation [13]. We 
employ Hessian matrix based blob detector, which is a very 
popular point detection approach. Then the right orientation of 
that point is found.  A square region is extracted to describe 
the region around that point. This is known as feature 
descriptor and is centred on the point of interest. 
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    SURF descriptor itself cannot be able to classify accurately 
between similar shaped objects (for example, gray-value 
versions of Pepsi and Coca cola cans). For this reason, we use 
color layout feature descriptor to select local RGB color 
features from each images.  
 
     We extract SURF descriptors and color features from each 
of the training images to train our classifier. We keep 80 
percent of the strongest features through quantization from 
this image set. All image features are then plotted on a high 
dimensional space and clustered using k-means algorithm. 
The set of centroid coordinates of all clusters are used to 
create our vocabulary. 
 
    By means of Euclidean distance metric, we then compute 
the nearest neighbour of each of the feature vector and build a 
histogram that counts how many times each centroid occurs in 
each image. Finally, we train our classifier using the error-
correcting output codes (ECOC) framework with SVM. 
 
   The output image, we have found on our object detection 
step, contains only the detected drink and it is used as a test 
image for this step.  Again both SURF and color features are 
extracted from this image, build a histogram of visual words, 
normalize the histogram and predict the output using the 
trained model. 
 
    Once we recognize the drinks family, we can effortlessly 
extract its composition from our nutrient fact table. 

III. EXPERIMENTAL DATA 

    Our produced data set (prepared by us and it will be 
available on request) consists of six distant categories of 
drinks and beverages. We used total 389 images to create our 
experimental data. It consists of 80 Green coconut images, 60 
Pepsi can/bottle images, 68 Coca cola can/bottle images, 55 
Fanta can/bottle images, 74 Coffee cup images and 52 Mineral 
water bottle images. We break down all images into two sets: 
training set and validation set. The training set consists of 195 
images and validation set consists of 194 images. We have 
trained our classifier engine using both color and SURF 
features. Some sample images from our training dataset and 
validation dataset are shown in Fig. 2 and Fig. 3, respectively. 
 
 

IV. EXPERIMENTAL RESULT 
 
   This section describes the experimental result of our 
proposed method. We have segment out different types of 
drinks using experimental images. After segmentation, the 
system recognizes the drinks through matching with the 
training images. Finally, the nutrient information is shown 
from the nutrition table. 
 
   

 
  

Green coconut Fanta Coffee 

 
Coca cola Pepsi Water 

Fig. 2. Some sample images from training dataset 

 

 
Green coconut Fanta Coffee 

 
Coca cola Pepsi Mineral water 

 
Fig. 3. Some sample images from validation dataset 

 
 
     Fig. 4 shows the confusion matrix that evaluates the 
recognition validation. The confusion matrix shows the 
experimental result containing true negative (TN) rate, false 
positive (FP) rate, false negative (FN) rate, and true positive 
(TP) rate for each type of drink.  
 
    Eq. (3) shows the formula to calculate the accuracy from 
this matrix.  

           
FNFPTNTP

TPTN
Accuracy

+++
+= )(

                      (3) 
 

     Some true detection sample outputs are shown in Fig. 5. 
Fig. 6 shows an example of false negative (FN) and false 
positive (FP) prediction of our system. This image contains a 
Mineral water bottle. But our system incorrectly classifies this 
as Pepsi. This error may not be happened if the full bottle is 
visualized. 
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(a) Confusion Matrix for Coca cola images 

 
 Estimated class Accuracy 

Actual 
class 

 Other 
drinks 

Coca cola  
 
 93.29% Other 

drinks 
151 
(TN) 

9 (FP) 

Coca 
cola 

4 (FN) 30 (TP) 

 

(b) Confusion Matrix for Green coconut images 
 

 Estimated class Accuracy 
 
 
Actual 
class 

 Other 
drinks 

Green coconut  
 
 
 97.9% Other 

drinks 
150 
(TN) 

4 (FP) 

Green 
coconut 

0 (FN) 40 (TP) 

                
(c) Confusion Matrix for Coffee images 

 
 Estimated class Accuracy 

 
 
Actual 
class 

 Other 
Drinks 

Coffee  
 
95.3% 

Other 
Drinks 

151 
(TN) 

6 (FP) 

Coffee 3 (FN) 34 (TP) 
 

                
(d) Confusion Matrix for Pepsi images 

 
 Estimated class Accuracy 

 
 
Actual 
class 

 Other 
drinks 

Pepsi  
 
91.2% 

Other 
drinks 

157 
(TN) 

7 (FP) 

Pepsi 10 (FN) 20 (TP) 

                
(e) Confusion Matrix for Mineral water images 

 
 Estimated class Accuracy 

 
 
Actual 
class 

 Other 
drinks 

Mineral water  
 
89.6% 

Other 
drinks 

150 
(TN) 

17 (FP) 

Mineral 
water 

2 (FN) 24 (TP) 
 

               
(f) Confusion Matrix for Fanta images 

 
 Estimated class Accuracy 

 
 
Actual 
class 

 Other 
drinks 

Fanta  
 
93.8% 

Other 
drinks 

159 
(TN) 

8 (FP) 

Fanta 4 (FN) 23 (TP) 

 
Fig. 4:  Confusion matrix for our dataset. 

 

 
V. CONCLUSION 

       In this paper, we have proposed a method to segment out 
a drink from its image with an objective of estimating its 
amount of nutrition such as calorie, energy, fat, sugar etc. The 
combination of visual saliency, mean shift segmentation and 
thresholding process helps us to segment out our object of 
interest. From a set of training images, we extract both RGB 
positive rate is not high. This method is very useful for 
patients, especially for those, who have a major effect of food 
calories on their health.    

      In future, we will stress on robustness of the system in 
order to improve its recognition efficiency. In addition, this 
work will be an obvious opportunity for future work to cover 
more drinks and foods. 
color features and SURF features to create a BoF. Finally, this 
BoF model is used to classify the drink category. From our 
experimentation, we have found that our system has an 
accuracy above 89%. The accuracy is good and the false  
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It’s a Fanta 
Nutrition value of Fanta-Orange 

for 355ml classic can is: 
 

Cholesterol:  0g 
Fat:                 0g 
Calories:        160Kcal 
Sugar:             44g 
Sodium:          55mg 

   

It’s a Coca cola 
Nutrition value of Coca cola for 

330ml classic can is: 
Carbohydrate: 3g 
Cholesterol:     0g 
Energy:            594Kj 
Calories:        139Kcal 
Sugar:             35g 
Fat:                 0g 

  

 
It’s a Pepsi 

Nutrition value of Pepsi for 
340ml classic can is: 

Cholesterol:     0g 
Carbohydrate: 40g 
Calories:        142Kcal 
Sugar:             35g 
Fat:                 0g 

 

 

It’s a Green coconut 
Nutrition value of Green 

coconut water per 100g is: 
Cholesterol:       0g 
Energy:             109Kj 
Calories:           16Kcal 
Sugar:                6.6g 
Fat:                 0.2g 

 

  

It’s Mineral water 
Distilled water contains some 

minerals. Such as 
pH                    5.6-6 
Calcium            2.7-72 
Magnesium       2-62 
Sodium             0.1-65 
Potassium         0.03-13.4 

(a) (b) (c) (d) (e) (f) 
 

Fig. 5: (a) Input image, (b) computed saliency map, (c) partial image with 70% saliency, (d) image after segmentation, 
 (e) detected object (f) final nutrition value after recognition. 

 

   

 
 
 

It’s a Pepsi 

 

(a) (b) (c) (d) (e) 
 

Fig. 6: False negative (FN) prediction for the Mineral water (Fig. 4 (e)) and false positive (FP) prediction for Pepsi (Fig. 4(d)) confusion matrix. 
 (a) Input image, (b) partial image with 70% saliency, (c) image after segmentation, (d) detected object (e) output after classification.
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Abstract—The method of joining images to make a 

panorama is known as image stitching. It is an enthusiastic 
research area in image processing and computer vision but 
still a challenging problem for panoramic images. A 
good number of researches had been carried out to develop 
different algorithms for image stitching in the last few years. 
 Image stitching approaches is classified mainly in two groups: 
direct and feature based. D irect techniques evaluate pixel 
intensities of the i n p u t  images a n d  feature- based 
methods resolve an association among the images based on 
the extracted features of inputted images. A detail study on 
the state-of-the-art of feature-based image stitching 
approaches is presented in this paper. We have shown the 
performance of some of the feature-based image stitching 
approaches using images from Yale Database.  In addition, we 
briefly discussed the challenges and possible future work of 
image stitching. 

Keywords—Panorama, Image stitching, Image 
features, Corner and edge detection. 

I. INTRODUCTION 

The procedure of unification of several images to 
generate a single panorama image is called image stitching. 
It finds general applications in representing the wide objects 
either in natural scene or in microscopy. In panoramic 
stitching, an image set will have a logical amount of overlap 
to prevail over the deformation of lens and must contain 
sufficient measurable features. This set will also have 
reliable disclosure between two frames to curtail the chance 
of seam occurrence. In addition, the images of same scene 
can have different intensities, scale and orientation.  

If the images are taken from the different places, 
then it may associate with parallax errors. Blind stitching 
can be done using feature-based alignment methods. But it 
can produce erroneous result. To overcome the parallax 
errors, we can use large camera system in a fixed 
disclosure. 

Image stitching is a broadly used technique in  
various applications such as, image stabilization features, 
panoramas in maps and images of satellite with high 
resolution, images for medical solutions, high resolution 
multiple images, video stitching and object insertion. 

This stitching method  is ma in ly  separated into 
three core sequences : image calibration, image 
registration and alignment, and image blending [1]. The aim 
of calibration is to reduce t h e  differences between 
camera-lens combination and an ideal lens model. 
These differences are calculated from optical defects [2]. 
The image could be reconstructed to a 3D scene using 
t h e  coordinates of the pixels and the intrinsic and 
extrinsic parameters of camera.  

The extrinsic camera parameter and the linkage 
among the pixel coordinates of an image point with the 
corresponding coordinates, is made by intrinsic camera 
parameters. These topics are used to describe the position 
and direction of the camera reference frame. This frame must 
be compared with a world reference frame.   

The calibration step is followed by image 
registration and alignment [3], [4]. Alignment is useful in 
matching an image when it transforms to another coordinate 
system. Here, the transformations of an image normally go 
through translation, rotation and scaling. Finally image 
blending technique is applied to ensure seamless transition 
from one image to another image by removing artifacts [4].  

The m o s t  likely used alpha blending receives 
weighted average of two images and works really well during 
the time of alignment of image pixels through intensity shift.   
After that t he images a r e  u n i t e d  b y  t h e  Gaussian 
pyramid blending at different frequency bands and 
filtered consequently.  

This research highlights the state-of-the-art of 
feature-based image stitching approaches and its additional 
objective is to discuss the challenges of image stitching. 

We have organized the rest of the paper as follows: 
different image stitching techniques are described in Section 
II. The performance evaluation of feature-based techniques 
is analyzed in section III. Section IV demonstrates the 
discussion of different feature-based techniques. Then in 
section V, the future works and challenges are presented. Last 
of all, Section VI draws the conclusion of this paper. 

II. IMAGE STITCHING TECHNIQUES 

Image stitching technique basically divided into two 
basic types: direct and feature-based. 

 

Fig. 1. Different types of image stitching techniques 
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Fig. 2. Basic algorithm of feature based image stitching

A. Direct technique 

The direct technique is dependent on the comparison 
of pixel intensities of the images and it decreases total 
differences among overlapping pixels [1].  The information 
from all the pixels is applied for the estimation of 
homography which is useful for the minimization of a 
particular cost function. Occasionally, Phase-Correlation is 
exploited to calculate the some homography parameters. 
Comparing each pixel with one another made the method 
as a complex one. It often uses any other available cost 
functions. But, in image scaling and rotation, these methods 
seem complex and invariant [5], [6].  

There are some advantages of using direct method 
including optimal use of the information present in 
t h e  image. This technique can evaluate the input of each 
pixel in the image but having an inadequate range of 
convergence is the biggest drawback of direct techniques [1].  

B. Feature-based technique 
Feature-based methods are more robust and 

quicker.  I t  c a n  recognize panoramas by automatic 
discovery of associations among the unsorted images 
[1]. To locate corresponding feature points between two 
images, it is necessary to compare every feature of 
d i f f e r e n t  i m a g e s  o f  t h e  l o c a l  d e s c r i p t o r s .  

The feature-based algorithm consists of t h e  
following steps:  

i. Image Acquisition 

The first step of image stitching algorithm is 
the image acquisition which means image capturing by 
camera devices or acquiring from secondary sources.   

ii. Feature detection and matching 

 For this purpose the following information are 
important: registration of image, stabilization of videos and 
reconstruction of 3D. These are necessary for matching 
t h e  corresponding features between several views. 
Corners are matched to give quantitative measurement. It 
provides a rational matching for t h e  image pairs based 
on rotation, translation and scaling [10], [11]. 

iii. Alignment 

The most suitable method is photogrammetric 
method to merge many images of the identical scene 
in a perfect reconstruction of 3D scene and it is known 
as bundle adjustment [12], [13]. The purpose of alignment 
is to locate a reliable alignment parameter set which can 
decrease the miss-registration between every pair of 
images. It is very useful to widen the pair wise matching 
criterion to a global energy function [14]. 

iv. Blending and composition 

Generally,  w h e n  a few images are stitched 
together, one image i s  s e l e c t e d  as the reference 

and then twisted all the images in the system (Coordinate 
system) of that location. The result is often known as a flat 
panorama [15], [16].  

Image stitching can be applied on s e v e r a l  
projective layouts, for example, rectilinear projection, 
where the panorama is observed lying on a plane (two-
dimensional) crossing a panosphere at a point [17], [18], 
[19]. Rectilinear projection uses cube faces with cubic 
mapping for viewing panorama and it demonstrates 
the cylindrical projection.  

After plotting the source pixels against the ultimate 
composite surface, it is necessary to blend them for creating 
a panorama. Different blending methods a r e  applied in 
image stitching. Feathering, image pyramid and gradient 
domains are some familiar blending procedures [19], [20]. 

Feathering is used for blurring the edges of 
features. From the two overlapping images, the average 
pixel values are evaluated for the blended regions [21]. 
Multi-band image blending is another well-known method 
that executes in the gradient domain.   

Image pyramid blending is another important 
approach which represents the image using different 
frequency-band image set. Image pyramid gives numerous 
functional possessions for numerous purposes [22], [23], 
[24].  

Below, we have represented some of the noble 
feature based techniques of image stitching. 

i. SURF based approach 

 SURF (Speeded Up Robust Features) is known as 
local feature detector and descriptor [26], [27]. SURF 
descriptors are useful to find out and identify objects, faces, 
to restructure 3D scenes, to trail objects and to extort points 
of interest [28]. 

Juan et al [29] proposed an image stitching 
technique that combines the following algorithms: matching 
algorithm of image, modified SURF (Speeded Up Robust 
Features) technique, blending algorithm and multi-band 
blending. Using modified SURF, this technique gets feature 
descriptor of the image, then, finds matching pairs, verifies 
the neighbors using K-NN (K-nearest neighbor) and 
confiscates the mismatch couples using RANSAC and at 
last, regulates images using bundle adjustment and calculates 
approximately the accurate homography matrix and then 
blend images by multi-band blending.  

Besides the above approach, Karthik et al [30] 
introduced a panoramic view using Invariant Moments and 
SURF Features. Wang et al [31] presented a unique method 
of image stitching using adaptive uniform distribution 
SURF. 
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ii. FAST feature-based approach 

FAST (Features from Accelerated Segment Test) is 
a method of corner detection which extracts feature points 
and follows and plots objects in images [32]. 

Rosten Drummond introduced the FAST (Features 
from Accelerated Segment Test) approach [32], [33]. It 
identifies the interest points in images. The main reason was 
to work with FAST algorithm is to extend the significance 
point detector for the utilization of it in the real time 
applications of frame rate. The FAST detector evaluates the 
pixels around a point which is categorized as a corner 
depending on brightness or darkness. The FAST detector 
identifies too many features of neighboring which is counted 
as the major drawback of it. This FAST feature-based image 
stitching technique works with the FAST features. The 
system consists of following stages:  detection, description 
and matching of features using FAST, image matching and 
then, application of Alpha blending method. 

iii. Harris corner detector based approach 

Harris corner detector used for this work because it 
is faster to detect the corners of the image and gives exacted 
corners of the images with different intensity or orientation. 
Extracting corner feature and using normalized cross-
correlation of the local intensity values in particular points of 
matching them are the two main purpose of it [34].  

Abdelfatah et al [35] presented an automatic 
image stitching process which is implemented using image 
sequences. It can determine a model that can convert points 
of one image to the other by a homography matrix because it 
contains correlated feature points between the two images. It 
gives the chances to overlap two images depending on the 
position of correlated feature points.  

A window is positioned on an image. Then, the 
window is located onto a corner and it is stirred in different 
way which produces a huge alteration into the intensity. This 
mechanism is used by Harris corner detector. It is used for a 
probabilistic algorithm RANSAC that returns satisfactory 
results.  

The RANSAC method is robust to estimate the 
homography and it is very effective even in the presence of 
lots of false matches.  A linear gradient alpha blending can 
be used for blending for faster result. It removes the seams 
and discontinuities of the composite image and gives 
accurate outcomes.  

iv. MSER feature based approach 

MSER (Maximally Stable Extremal Regions) is a 
method for detecting blobs in images which was presented 
by Matas et al [36].  

The intensity function of the region and the outer 
border defines the regions exclusively which directs to 
several key features of the regions which compile them 
functional. The local binarization is constant over a big 
variety of thresholds and the properties of it are as follows: 
invariance, covariance, stability and multi-scale detection. 

This detector can find correspondences between 
image elements depending on different viewpoints. That’s 
why, this method shows better performance in extracting a 
broad number of corresponding among image elements 
which is very useful for image matching. We have simulated 

this method as the feature detector for the feature based 
image stitching. 

III. PERFORMANCE EVALUATION OF FEATURE BASED 

APPROACHES 

For performance evaluation of different feature-
based image stitching techniques, we have done a 
simulation. For this purpose, we have collected a panorama 
image of size 1500×397 pixels from Yale Database [38].   

We have made five input images (640×480 pixels 
each) from this original image using Microsoft Office 
Picture Manager. These images have some overlapping 
regions as well as repetitions. Then, we have inputted these 
images to generate the stitched image using four feature-
based image stitching techniques [39].  After that we have 
compared theses stitched image with the original image. 

In the table 1, we have demonstrated the accuracy 
rate of different feature-based image stitching techniques.  

TABLE I. PERFORMANCE OF DIFFERENT IMAGE STITCHING 
TECHNIQUES BASED ON ACCURACY RATE 

Image stitching techniques Extraction 
Detector 

Accuracy 
Rate (%) 

SURF based Approach SURF 95.99% 
FAST based approach FAST 50.74% 

Harris corner detector based 
approach 

Harris corner 
detector 

94.68% 

MSER based Approach MSER 90.53% 

 

The accuracy of the SURF based approach is 
95.99%, FAST based approach is 50.74%, Harris corner 
detector based approach is 94.68% and MSER based 
approach is 90.53%.  

So, the results confirmed the superiority of SURF 
based method. The Harris corner detector and MSER have 
given comparatively better results after SURF. But, FAST 
has shown the poorest output among all these approaches. 
Besides this, in Figure 4, we have presented all the output 
stitched images of these feature-based approaches.  

IV. DISCUSSIONS 

A. Critical comments on SURF based Approach 

The SURF based approach is not good enough at 
the illumination changes and viewpoint changes in images. 
So, development is needed for SURF during this kind of 
changes. 

B. Critical comments on FAST based Approach 

The main drawback of FAST detector is, it detects 
too many features. But, it is very important to concentrate 
about the main features of the images. 

C. Critical comments on Harris Corner Detector based 
Approach 

Harris corner detector can detect the features from 
noisy images. But, noise can corrupt a natural image during 
the time of capturing and transmitting. As a result, it 
becomes difficult to get the desired output. So, before 
detecting corners, de-noising should be done to get better 
results. 

D. Critical comments on MSER based Approach 
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MSER has shown the highest sensitiveness to the 
changes due to blurring. It is needed to overcome this 
sensitiveness of MSER.  

So, in the future researcher should concentrate on 
illumination and viewpoint changes, noise removal and 

changes due to blurring. We have applied the feature-based 
techniques for 5 panorama images but we think this number 
of images is not good enough. In the future, we will apply 
these methods on more images. 

 

 

Fig. 3. Original image from the Yale Database 

 
           (a)                                                                                                         (b) 

 

(c)                                                                                                         (d)                                                                                      

 
                                                (e) 

Fig. 4. Five input images which are generated from the original image of Fig. 3. 

 
(a) 
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(b) 

 

(c) 

 

(d)  

Fig. 5. Output stitched images determined by: (a) SURF based approach (b)FAST based approach (c) Harris corner detector based approach (d) MSER 
based approach

V. FUTURE WORKS AND CHALLENGES OF IMAGE 

STITCHING 

After analyzing several approaches, we have come 
to know that, in the future, the image stitching can be 
improved and developed by taking hybrid technique which 
will use different approaches for better result [35]. Besides 
this, we can focus on the improvement of accuracy. On the 
other hand, there are many challenges in image stitching. 
Images are frequently changed by noise during t h e  
transmission and a c q u i s i t i o n . So, filtering can be 
used for noise removal. Another problem is the 
elimination of the  seams.  For the removal of seam 
different methods have been proposed in the last two 
decades and we have a vision to work with seam removal.  

VI. CONCLUSION 
In this paper, we have briefly discussed about the 

image stitching technique and its three key steps 
calibration, registration and blending. Then, two main 
image stitching techniques namely, direct techniques and 
feature-based techniques are analyzed. We have also 
discussed the basic image stitching algorithm which 
consists of acquisition of images, detection of features, 
image matching, and global alignment and blending and 
composition. After that, we have discussed about different 
feature-based image stitching techniques: SURF based 
approach, FAST based approach, Harris corner detector 
based approach and MSER based approach. Then, we have 

done simulation and compared those techniques based on the 
performance and accuracy rate. The simulation results 
confirmed that SURF based method is better than any other 
methods. We have also conversed about the drawbacks of 
these techniques and discussed about the future works and 
challenges of our research. 
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Abstract—Due to the ever-advancing technology, usage of
information technology in modern life is increasing at a fast
pace. Hence, ICT based systems have enormous potential pro-
viding accessibility and affordability to the urban inhabitants in
developing countries. In this paper, a framework for a dynamic
vehicle pooling system for Dhaka city is proposed. Comparing
to existing systems, some new concepts have been incorporated
in the proposed framework. One of the unique features in the
proposed framework is that the system is not limited to any
particular type of vehicle. Thus, any type of vehicle such as
car, bus or even lorry can be pooled using the proposed system.
Moreover to ensure payment security, the system is designed as
a prepaid system. Hence, rider has to ensure payment before
getting into the ride, where the drive’s account is credited once
the rider reaches his/her destination.

Keywords - dynamic; ride-sharing; vehicle pooling.

I. INTRODUCTION

Ride sharing is a service, where people can share their
riding sources. Now-a-days it has become very popular in
developed country, where this concept is not much popular
in developing country. However, it is very beneficial for the
developing country. The intention of the ride-sharing system
is to minimize the abuse of the transport’s fuel as well as
relieving from traffic jams.

App-based pooling vehicle system has increased exponen-
tially over the past few years. Online application for ride-
sharing is a tool that allows riders and drivers to be informed
about the present status and exact location of rider and driver.
It also helps to know about the current situation of the
traffic. Mainly, app-based system of ride sourcing services is
generally utilized as a part of finding the nearest vehicle in
a very short time. Hence, app-based Ride sourcing services
are introduced by many researchers. In some cases, they have
different name as Uber [1], Lyft, and their competitors also
known as Transportation Network Companies (TNCs) or ride
sharing promise to increase reliability and reduce waiting time
for moving transport.

Ride-sharing service is more efficient to take the service of
vehicles without much hassle. There are many factors in ride
sourcing services such as vehicle information, information of
drivers and riders, services and so on. Ride-sharing services

gather an extraordinary arrangement of log information about
closest vehicles and drivers. People may choose this app-
based ride sourcing system for many reasons, such as proving
the information of nearest vehicle, driver information such as
name, contact number etc, riders comfort to find the vehicle
easily, reducing waiting time and so forth.

Considering the benefits of ride-sharing services, an app-
based pooling service of vehicles is developed and proposed
in this paper. Though there exists some application of pooling
service of vehicles, however all of these systems are failed to
add the maximum benefit of ride sourcing services in their
model. For example, in many systems, it is not possible to
find all types of vehicle such as bike, private car, taxi cab, bus
etc. Therefore, this paper proposes a novel application to find
the ride-sharing services. Moreover, this system provides the
security, accessibility, identification of the users. The design
aspects and features of the proposed system are described
thoroughly in the paper.

This paper is organized as follows. The background study on
the existing system is presented in section II. In section II, we
also discussed about different ride-sharing services application
with their pros and cons. Proposed model is presented in
section III. The implementation of the proposed system is
described in IV. Paper is concluding in section V. Section
V also contains the future scopes.

II. BACKGROUND STUDY

In recent years, advantages of information and communica-
tion engineering have qualified new services that give a wide
variety of real time and fabulous tours. Different companies
such as Lyft [2], UberX [3], Sidecar [4], carpool [5] have
flourished offering smart-phone apps to link up the riders with
the community of vehicles driver. Passengers can request for
a ride-sharing to a licensed driver through the application.
Passenger can communicate with drivers via the application
to be informed the current location and status.

Some debates have gone into defining these types of ser-
vices. There exist some terminologies named as Transportation
Network Companies (TNCs), real-time ride sharing, parataxis,
ride matching, on-demand rides, app-based rides etc. Similar
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types of car pooling systems are GoLoco [6], Ridegrid, Hitch-
sters [7] and Rideamigos [8]. The web based application like
WoTCoMS [9] are also very popular in recent years. There are
also some other applications which are developed considering
positioning system based like as [10–15]. Real time system
has become very popular and many systems are developed for
this.

A web-based real-time carpooling system [7] is introduced
by Dejan. This is a web based system. There also exists many
mobile application related with car pooling. A distributed
optimized approach based on the multi agent concept for
the implementation of a real time carpooling service with an
optimization aspect on siblings [7], and Orchestrating Yahoo!
Fire Eagle location based service for carpooling [8] are related
with the vehicle pooling system. All of these services are
online based application.

In recent year, dynamic car and taxi pooling systems are
increased because of the availability of IoT (Internet of things),
WoT (Web of Things) and cellular mobile phone or mini
electrical devices (e.g., notebook, tab etc.). By utilizing the
digitized and easy communication system people use the
existing car pooling system.

Most of the existing cars pooling systems have to implement
automatic payment system. Moreover, those systems are not
design for all kind of vehicles. Hence, the proposed system is
designed for all kinds of vehicles (e.g., bus, track, motorcycle,
taxi, car etc.), with a unique payment system. Users of the
system are able to pay the bill through this system. The
proposed system has combined with the ICT-based solution
both in the secured payments and the dynamic resources
allocation.

III. PROPOSED MODEL

The vehicle pooling system is designed with some key
features while identifying any key features of any established
system. The key features of the proposed system are quite
unique than any other existing systems. The flowchart of the
proposed system is described in Figure 1.

A. Dynamic

In this paper, a dynamic system is designed and imple-
mented. This system works for different types of vehicles.
This system is designed for the most available vehicles such
as car, taxi, track, bus, motor bike, CNG etc. User can access
and can send request to the driver of the vehicles. The system
works dynamically for all the vehicles. There is no carpooling
system available for dynamic vehicles. This proposed system
is designed for dynamic vehicles.

B. Pre-paid System

In this paper we propose and implement a top-up or pre-
paid method to make payment through the system. The user
or passenger can make a request to the driver. The request
when accepted and passenger ride on their vehicle, passenger
can make a payment to the driver via bKash [16] account or
any other bank account. Online transaction system gives the

Fig. 1: Flowchart of the proposed system

Fig. 2: Top-up system architecture

security to transfer money, since online transaction is safe and
a secured process. So, the user feels free to use the system.
The system has also a payment assurance option and searching
technique that gives security, accessibility to the users.

C. Searching Technique

In this system the user can look for different types of
vehicle. By the GPS the user location is tracked by the system
and then nearest vehicle is suggested to the user. The nearest
vehicle is identified by measuring the euclidean distance [17].
Equation 1 & 2 shows mechanism of the distance measurement
of the passenger and the driver or vehicle. Then the system
suggests the passenger the nearest vehicle. To implement the
searching technique an algorithm is used here. Algorithm 1

2016 International Workshop on Computational Intelligence (IWCI)
12-13 December 2016, Dhaka, Bangladesh

219



described the detail of the used algorithm.

Distance(X,Y ) =

∑n
i=1 Xi.Yi√∑n

i=1(Xi)2
√∑n

i=1(Yi)2
(1)

Distancecosine = 1−Distance(X,Y ). (2)

Algorithm 1 Algorithm of the system

1: Collect the position from GPS of the user and the vehicle
2: Set Puser = value from the tracking location of the user
3: Set distance [ ] = 0
4: Set minimum [ ] = 0
5: Set Vn = [x1,....., xn ]
6: loop
7: distance [ ] = distance between Puser and vehicle
8: end loop
9: loop

10: if distance [i] < distance [i + 1] then
11: minimum [i] = distance [i]
12: else
13: go to step 6
14: end if
15: end loop

D. User Royalty

One of the key features of the proposed system is the
royalty scheme, where user earns royalty points for using the
system. Once a user receives the royalty points, he/she can
use these points for payment purpose. As highlighted from
the exiting literatures, none of the existing systems for vehicle
pooling provides such reward system. It is expected that the
number of the current users and number of potential users
will be increased once the royalty scheme is applied properly
and configured successfully. Hence, this feature is anticipated
to attarct more users. Furthermore, once applied, this may
become a very helpful solution for the urban inhabitants.

E. Authentication System

In order to use this system, a user has to register an account.
Next, the user can activate this registered account by providing
personal bank account information to the system. The system
authenticates user through National Identification Number
(NID) with a two factors authentications policy. Thus, during
registration, the user must provide his/her cellular phone
number. Since all the mobile phone numbers have been already
authenticated using NID, SMS based authentication is used to
verify the credibility of the users. Moreover, providing the
banking information, the user assures prepaid and automatic
payment.

IV. FRAMEWORK IMPLEMENTATION

A. Architectural Design

The integration process of the proposed system depends on
the three tier architecture. Three tiered architecture is used to
enable the proposed system to be more robust and to provide

flexibility to its applications. Thus, the proposed system blends
different protocols and softwares effectively.

Fig. 3: 3-tier Architecture of Application

Figure 3 shows the overview of the 3-tier architectural view
of the proposed system.

1) The Client Tier: The interface acts as the client tier
of the three tier architecture model. The web browser and
smart phone’s touch screen process and display interface of
the system. The graphical user interfaces of the proposed
system operates in this tier. These interfaces of the system
are designed for the user. The system provides the user a very
simple and friendly GUI. Thus, user from any age group can
easily access the system smoothly. The interfaces of the system
are presented in Figure 4 and Figure 5. After the client tier,
middle tier of the proposed system starts, which is also an
immediate tier.

2) The Middle Tier: In three tier Web Application systems,
the majority of the applicational logics are at the middle
tier. The client tier presents data and collects data from the
user as the database tier stores and receives the data. The
middle tier serves most of the remaining roles and merges
the other tiers. This tier determines the structure and the
contents to be displayed to a user and also processes user
input. The user inputs are formed into queries on the database
to read or to write data. This middle tier application logic
integrates the users with the database management system. The
components of the middle tier are interacting with the database
management system. For the proposed vehicle pooling system,
the middle tier plays an important role of the system. The
middle tier executes and supervises all the necessary things
for the system. Figure 3 shows all using tier of this system.
The database tier is the immediate tier of the system.

3) The Database Tier: The database tier is the base tier of
the proposed system. Designing databases and building tier is
the first step. Based on the entity relationship diagram which
is done in the system design phase, database of the proposed
system is created in MySQL.

B. Roles of User

The proposed system can be considered to be a simple
process. Initially, the user has to create an account in the
vehicle pooling website. First level of user validation is done
when the user confirms his/her account via email verification.
Next, user can login and can access the dashboard panel. The
dashboard panel shows the options to the user. Afterwards,
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user chooses to send a request for a ride. Once the request is
accepted, user goes to the payment option. Upon completion
of the payment successfully, user sees the driver details. In
the proposed system, driver is another type of user. Therefore,
similar to user registration, a driver also requires opening a
new account and requires completing email verification. Upon
logging into the system, driver can access the dashboard panel
and can see the options. On a drivers dashboard, all the
currently posted requests for riding are displayed.

1) Passenger: The first role of a passenger in Vehicle
pooling is to open an account and to confirm the account via
email verification. Next, passenger sends request for a new
ride and also tracks history. Considering a passengers roles and
activities, there are several required features in the proposed
vehicle pooling system. However, we assigned to meet few
of these requirements, which are, (1) Create new account to
access the system (2) Can log in the system (3) Can send
Request (4) Payment Option (5) Help

2) Driver: The first role of Driver in Vehicle pooling is
also to open an account and confirms the account via email
verification. Afterwards, a driver can view the current requests
for new rides and can also track history. Considering a drivers
roles and activities, there are several required features in the
proposed vehicle pooling project. Few included requirements
are as follows, (1) Can open new account to access the system
(2) Can log in the system (3) Can view current requests (4)
Can view the received payment details of an accepted request
(5) Help

3) Admin: For the proposed system, an admin manages the
database. Admin keeps the tracking number and also maintains
the records. Considering an admins roles and activities, there
are several required features in the proposed vehicle pooling
project. However, few of these requirements included in this
system, which are as follows, (1) Log in as admin (2) View
all current and previous requests (3) Monitor and track the
ongoing request

4) Physical Design: After finishing the system analysis, the
designing phase of SDLC is considered. Here the system is
designed both logically and physically. As mentioned earlier,
for the logical design the process is modeling by DFD (Data
Flow Diagram) and data modeling by ER Diagram (Entity-
Relationship Diagram). All the necessary materials like DFD,
Logical ERD, Physical ERD and Data Dictionary of system
design or developments are already discussed. In this section
the findings from the system analysis phase while designing
the entire system. How the system would work and how the
output will be given were the main concerns at this level.

C. Application

The home page of vehicle pooling system is depicted in
Figure 4. When a user goes to the vehicle pooling website
and this page is displayed.

Sequence diagram is a powerful tool that makes understand
the dynamics of a use case. Sequence diagrams represent
possible interaction scenarios.

Fig. 4: Vehicle pooling system home page

Fig. 5: Proposed System homepage

1) Sequence Diagram for Sign up: In the sign up sequence
diagram we can assure the procedure of the sign up process.
The user will request for the sign up page and subsequently
the sign up page will open. Then user will provide information
and upon clicking the submit button, the information will be
saved in the database [11].

Fig. 6: Sequence diagram for sign up

2) Sequence Diagram for Sign in: For sign in, user will
request for the sign in page. In the sign in page, user will
provide user name and password and submit to the system.
After clicking submit button, users existence in the database
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will be checked. A message will be shown to user regarding
the validity of the user. By signing to the system user can use

Fig. 7: Sequence diagram for sign in

the facilities and find benefits from the unique key features of
the system.

Due to the scope of the testing results, user feedback and
details of evolution are not included in the paper. Authors’
next research step is to incorporate few other features to the
proposed vehicle pooling system and implement the system.

V. CONCLUSION AND FUTURE WORKS

In this paper, a system for dynamic vehicle pooling for
urban area is proposed. The main intention is to build the
framework to use/utilize the empty seats in any type of
vehicles. Moreover, the proposed system also aims to eliminate
the space misuseages in vehicles. Thus, the proposed system
is considered to be an augmented system that matches the
transportation demands of the user based on the location and
destination. The system also offers security to the user. Hence,
the NID number is used for registration and dual-level verifi-
cation is used for authentication. Thus, the proposed system
assures more security to the user than any other existing
systems. The framework has social as well as economical
impacts to the society. It may also help to reduce the traffic
jams by the effective usage of vehicles. The proposed scheme
is in the initial stage. In future, complete acceptance tests
are planned to be performed. Features for all types of user
(e.g., admin, driver, user) are not fully addressed in the current
system.
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Abstract—A signed graph is an ordered pair S=(Su,σ), where
Su = (V,E) is a graph and σ : E → {+,−} is a function from
the edge set E of Su into the set {+,−}. A signed graph
S is called regular if the number of positive (negative) edges,
d+(v) (d−(v) ) incident at a vertex v in S, is independent
of the choice of v in S. In this paper, we settle the problem
of embedding (i, j)-regular signed graphs in (i+ k, j+ l)-regular
signed graphs with the minimum number of vertices.

2010 Mathematics Subject Classification: 5C22,05C60
Key words:Signed graph, regular signed graph, embedding.

I. INTRODUCTION

General areas that employ embedded systems covers
every branch of day to day science and technology, namely
communications, automotive, military, medical, consumer,
machine control etc...for example cell phone, digital camera,
microwave oven, MP3 player, portable digital assistant and
automobile antilock brake system etc. Seeing its importance,
it has been worked out for theoretically for embedding
signed-regular graphs in higher order signed-regular graphs.

For the preliminary notation and terminology in graph
theory we refer Harary [9] and West [20]; and for signed
graphs we refer Zaslavsky [21], [22], [23]. A signed graph is
an ordered pair S = (Su,σ), where Su = (V,E) is a graph,
called the underlying graph of S and σ : E→{+,−} is a
function from the edge set E of Su into the set {+,−},
called the signature of S. Let E+(S)= {e∈E(Su) : σ(e)=+}
and E−(S) = {e∈ E(Su) : σ(e) =−}. The elements of E+(S)
and E−(S) are called positive and negative edges of S,
respectively. A signed graph is said to be homogeneous if all
its edges have the same sign and heterogeneous otherwise.

Two edges of a graph are said to be ad jacent if they are
incident with a common vertex. A set of edges in a graph is
independent if no two of them are adjacent. The complement
Su of a graph Su is a graph with the same vertex set as Su

and two vertices are adjacent in Su if and only if they are not
adjacent in Su. A graph is called r−regular if all its vertices
are of degree r. A signed graph S is called regular if the
number of positive (negative) edges, d+(v) (d−(v)) incident
at a vertex v in S, is independent of the choice of v in S.
i.e. S is (i, j)-regular, where i = d+(v) is the positive degree

of v in S and j = d−(v) is the negative degree of v in
S (see [25]).

A u-v path in a signed graph S is an alternating sequence
of vertices and edges u,e1,v1,e2, ...,en,v, beginning and
ending with vertices, in which each edge is incident with the
two vertices immediately preceding and following it and no
vertex is repeated. A path is called homogeneous if all its
edges have the same sign and heterogeneous otherwise. The
number of edges in a path is called the length of the path. Pn
denotes a path of length n.

The cartesian product Su
1�Su

2 of two graphs Su
1 and

Su
2 is a graph with vertex set V (Su

1)×V (Su
2) and two

vertices (u1,u2) and (v1,v2) are adjacent in Su
1�Su

2 if
and only if u1 is adjacent to v1 in Su

1 and u2 = v2 or
u2 is adjacent to v2 in Su

2 and u1 = v1. Since in tensor
product of graphs Su

1 and Su
2, the degree of a vertex (u,v) is

defined as deg(u,v) = deg(u)deg(v). Thus if Su
1 and Su

2 are
regular, so is Su

1�Su
2.

Let S = (Su, σ) be a signed graph. S is called
cartesian product of two signed graphs S1 = (Su

1, σ1) and
S2 =(Su

2, σ2) if Su∼= Su
1�Su

2 and for any edge (u1,u2)(v1,v2)
of Su,

σ((u1,u2)(v1,v2)) =

{
σ1(u1v1) if u2 = v2 ,

σ2(u2v2) if u1 = v1.

II. EMBEDDING (i, j)-REGULAR SIGNED GRAPHS IN
(i+ k, j+ l)-REGULAR SIGNED GRAPHS

A graph G is said to be embedded in a graph G′ written as
G⊆ G′, if there exists a subgraph of G′ which is isomorphic
to G. If G⊆G′ it is some times convenient to regard G itself
as a subgraph of G′ (see [1]). Further, if G⊆ G′ and G 6∼= G′

then the embedding is said to be proper or strict; in this
case we agree to write G⊂G′. In this section, we present the
results related to embedding of (i, j)-regular signed graphs into
(i+ k, j+ l)-regular signed graphs, k, l ≥ 0

Gardiner (see [8]) has proved that every r-regular graph G
can be embedded in the (r + 1)-regular graph G�P2. This
result can be lifted to signed graphs as follows:

Theorem 1. Every (i, j)-regular signed graph S = (Su,σ)
can be embedded in the (i, j+1)-regular signed graph S�P−2 ,
where P−2 denotes the path of length 2 with a negative edge.
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The above theorem can be written alternatively as follows:

Theorem 2. Every (i, j)-regular signed graph S=(Su,σ) can
be embedded as an induced sub-signed graph in the (i, j+1)-
regular signed graph S�P−2 .

Corollary 3. Every (i, j)-regular signed graph S = (Su,σ)
can be embedded as an induced subsigned graph in the (i+
1, j)-regular signed graph S�P+

2 .

Due to Theorem 1 and Corollary 3, we see that an (i, j)-
regular signed graph S always embeds in an (i+ k, j + l)-
regular signed graph. Now, we wish to minimize number of
extra vertices needed to achieve such an embedding in the
remaining part of this paper. Throughout the paper, let `(S) be
the minimum number of extra vertices required to substantiate
such an embedding.

III. EMBEDDING OF AN (i, j)-REGULAR SIGNED GRAPH IN
(i, j+1)-REGULAR SIGNED GRAPH

Theorem 4. For an (i, j)-regular signed graph S = (Su,σ),
if Su has a 1-factor, then `(S) = 0.

Corollary 5. For an (i, j)-regular signed graph S = (C2n,σ),
where Cn denotes cycle with n vertices, `(S) = 0

Corollary 6. For an (i, j)-regular signed graph S= (Kn,n,σ),
if n is even, then `(S) = 0

Theorem 7. For an (i, j)-regular signed graph S = (Su,σ)
of order n, if Su has no 1-factor, then

i+1≤ `(S)≤ n.

We denote by δ(G) the minimum degree and by ∆(G) the
maximum degree in a graph G. We use dke to denote the least
integer not less than k in the following theorem.

Theorem 8. [6] For a graph G of order n, if δ = ∆ is
even, then G has at least d n∆

2(∆+1)e independent edges.

Now, we improve the upper bound of the inequality of
Theorem 7 in the following theorems. K(i, j)

i+ j+1 denotes an
(i, j)-regular complete signed graph of order i + j + 1 in
the subsequent theorems.

Theorem 9. For an (i, j)-regular signed graph S = (Su,σ)
of order n, if Su has no 1-factor and n and i+ j are of
opposite parity, then

`(S)≤ i+ j+1.

Proof. Suppose we take i+ j+1 new vertices and form an
(i, j)-regular complete signed graph K(i, j)

i+ j+1. If n and (i+ j)
are of opposite parity, then Su is (n− i− j−1)-regular graph
and (n− 1− i− j) is even. Now using result in Theorem 8,
the number of independent edges in Su ≥ n−i− j−1

2 .
Thus, select n−(i+ j+1)

2 independent edges in Su and make
them adjacent with a negative edge in S. Now, join remaining
i+ j + 1 vertices of S to the vertices of K(i, j)

i+ j+1 with a
negative edge in one to one manner, i.e. a vertex of S is
adjacent to a vertex of K(i, j)

i+ j+1 and the another vertex of S

is adjacent to the another vertex of K(i, j)
i+ j+1. Thus, the resulting

signed graph is (i, j+1)-regular. Hence,

`(S)≤ i+ j+1.

Theorem 10. For an (i, j)-regular signed graph S = (Su,σ)
of order n, where n and (i+ j) are of opposite parity, if
Su has no 1-factor and n≥ (i+1)( j+1), then `(S) = i+1.

Theorem 11. For an (i, j)-regular signed graph S = (Su,σ)
of order n, where n is even and i+ j is odd, if Su has
no 1-factor and i≥ 1, then

`(S) =


i+ j+1 if n = i+ j+1, i+ j+3, . . . ,2i+2 j−2 ,

i+ j if n = 2i+2 j, i = 2,4, . . . , n
2 − j ,

i+ j+1 if n = 2i+2 j, i = 3,5, . . . , n
2 − j.

Proposition 12. For an (i, j)-regular signed graph S =
(Kn,n,σ), if n is odd, then

`(S) =


2 if i = 1 ,

i+ j if i = 2,4, . . . , i+ j−1,
i+ j+1 if i = 3,5, . . . , i+ j−2.

Theorem 13. [20] If G is a simple connected graph of
order n with n≥ 3 and d(v)≥ n

2 ∀ v ∈V (G), then G is
Hamiltonian.

Theorem 14. For an (i, j)-regular signed graph S = (Su,σ)
of order n, if n≥ 2i+2 j+2 is even, then `(S) = 0.

Theorem 15. [8] Let G be a r-regular graph on n vertices.
If G has no 1-factor and n, r have the same parity, then
n < 2r and `(S) = r+2.

Theorem 16. For an (i, j)-regular signed graph S = (Su,σ)
of order n, where n is odd and i+ j is even, if Su has no
1-factor and i≥ 1, then

`(S)=

{
i+ j+1 if n < 3(i+ j−1) ,
i+ j− (r−2) if n = r(i+ j− k), k and r are odd

IV. EMBEDDING OF AN (i, j)-REGULAR SIGNED GRAPHS IN
(i+1, j+1)-REGULAR SIGNED GRAPHS

Lemma 17. A graph G is 2-factorable if and only if G is
r-regular for some positive even integer r.

Theorem 18. For an (i, j)-regular signed graph S = (Su,σ)
of order n, where both n and i+ j are of opposite parity,

when n is even and i+ j is odd, then

`(S) =

{
i+ j+1 if n = i+ j+1,
0 otherwise

when n is odd and i+ j is even, then

`(S) =

{
i+ j+1 if n = i+ j+1 ,

1 otherwise
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Theorem 19. For an (i, j)-regular signed graph S = (Su,σ)
of order n, where both n and i+ j are of same parity, then

`(S) =

{
i+ j+2 if i+ j+2≤ n≤ 2(i+ j−2) ,
0 if n≥ 2(i+ j)

V. EMBEDDING OF AN (i, j)-REGULAR SIGNED GRAPHS IN
(i+1, j+1)-REGULAR SIGNED GRAPHS

Lemma 20. A graph G is 2 -factorable if and only if G is
r-regular for some positive even integer r.

Theorem 21. For an (i, j)-regular signed graph S = (Su,σ)
of order n, where both n and i+ j are of opposite parity,

when n is even and i+ j is odd, then

`(S) =

{
i+ j+1 if n = i+ j+1 ,

0 otherwise

when n is odd and i+ j is even, then

`(S) =

{
i+ j+1 if n = i+ j+1 ,

1 otherwise

Proof. Case 1: When n is even and i+ j is odd.
If n = i + j + 1, then Su is a null graph and has no 1-

factor. Now we construct an (i, j−1)-regular complete signed
graph K(i, j−1)

i+ j . To obtain an (i+1, j+1)-regular signed graph
n should be at least 2(i+ j), a contradiction to assumption,
therefore

`(S)≥ i+ j+1. (1)

Further, we construct an (i, j)-regular complete signed graph
K(i, j)

i+ j+1 and join the vertex v of S with two vertices of K(i, j)
i+ j+1

in such a way that one is joined by a positive edge to a vertex v
of S and the other one is joined by a negative edge to a vertex
v of S. Thus, the resulting signed graph is (i+1, j+1)-regular.
Therefore

`(S)≤ i+ j+1. (2)

By equations (1) and (2), we get

`(S) = i+ j+1.

If n 6= i+ j+1, then by lemma 20 Su has 2-factor, since n
is even and i+ j is odd, therefore n− (i+ j+1) is even and
hence Su is n− (i+ j+1)-regular.

Next, we select edges of 2-factor in Su and make them
adjacent with alternative positive and negative edge in S. Then
the resulting graph is (i+1, j+1)-regular. Hence

`(S) = 0.

Case 2: When n is odd and i+ j is even. If n= i+ j+1, then
Su is a null graph and has no 1-factor. Now we construct an
(i, j−1)-regular complete signed graph K(i, j−1)

i+ j . To obtain an
(i+1, j+1)-regular signed graph n should be at least 2(i+ j),
a contradiction to assumption, therefore

`(S)≥ i+ j+1. (3)

Next, we construct an (i, j)-regular complete signed graph
K(i, j)

i+ j+1 and join the vertex v of S with two vertices of K(i, j)
i+ j+1

in such a way that one is joined by a positive edge to a vertex
v of S and the other one is joined by a negative edge to a
vertex v of S, so that the degree of every vertex in S and
K(i, j)

i+ j+1 is increased by one positive degree and one negative
degree. Hence the resulting graph obtained in such a manner
is (i+1, j+1)-regular. Therefore

`(S)≤ i+ j+1. (4)

By equations (3) and (4), we get

`(S) = i+ j+1.

If n 6= i + j + 1, then Su has 2-factor. Now select n−i−1
2

alternate edges of 2-factor in Su and join them in S with
positive edge and then select another n− j−1

2 alternate edges
of 2-factor with no common vertices to the above selected
vertices except one and join them in S with negative edge.
Now introduce a vertex w and join i+ 1 vertices of positive
degree i in S to w with positive edge and j + 1-vertices of
negative degree j in S to w with negative edge. The resulting
graph is (i+1, j+1)-regular. Hence

`(S) = 1.

Theorem 22. For an (i, j)-regular signed graph S = (Su,σ)
of order n, where both n and i+ j are of same parity, then

`(S) =

{
i+ j+2 if i+ j+2≤ n≤ 2(i+ j−2) ,
0 if n≥ 2(i+ j)

VI. CONCLUSION

In graph theory, it is well known that every graph can be
embedded as an induced subgraph of a regular graph (see [5];
Theorem 1.4, p.16). Acharya [2] raised a question that can
this result be lifted to regular signed graphs by solving the
following conjecture? In this regard we have tried to exhaust
all the cases of embedding signed regular graph into a signed
regular graph.

There is a much older notion of regularity in signed graphs
proposed by Chartrand, et al. (see [7]), viz., a signed graph
S is regular (we call it net − regular) if the net − degree
dS(u) = d+

S (u)− d−S (u) of u is independent of the choice
of u∈V (S). Acharya has conjectured that every signed graph
can be embedded as an induced sub-signed graph of a regular
signed graph. However, this problem seems to be related to
the analogous problem for regular signed graphs, for if S is
an (i, j)-regular signed graph then it is also i− j-net-regular;
note that the converse of this statement is not true in general.
That is, net-regularity of a signed graph according to Chartrand
et al. is a generalization of regularity of a signed graph.
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Abstract—A signed graph (sigraph) is a graph where each
edge receives positive or negative sign. In this paper, we report
our investigation on a new signed graph (S)2 called 2-path
sigraphs of a given sigraph S defined as that sigraph whose
vertex set is the vertex set of S and two vertices in (S)2 are
adjacent if there exist a path of length two between them in
S and negatively signed if all the paths of length two between
them are all-negative, otherwise positively signed.

Keywords— Sigraph; marked sigraph; 2-path sigraph; open
neighborhood; balance; sign-compatibility; signed-regularity;
clusterability.

I. INTRODUCTION

For standard terminology and notation in graph theory
one can refer Harary [4] and West [6] and for signed graphs
literature one can refer (Zaslavsky [7]). Throughout the text,
we consider finite, undirected graph with no loops or multiple
edges. A signed graph (sigraph) is an ordered pair S=(Su,σ),
where Su is a graph G = (V,E), called the underlying graph
of S and σ : E→{+,−} is a function from the edge set E of
Su into the set {+,−}, called the signature (or sign in short)
of S. A sigraph is all− positive (respectively, all−negative)
if all its edges are positive (negative). Further, it is said to
be homogeneous if it is either all-positive or all-negative and
heterogeneous otherwise.

A sigraph S is said to be signed− regular if the number
of positive edges (negative edges), d+(v)(d−(v)) incident at a
vertex v in S, is independent of the choice of v in S, that is S
is (i, j)-signed-regular, where i = d+(v) is the positive degree
of every vertex v in S and j = d−(v) is the negative degree of
every vertex v in S.

By a negative section of a cycle or a path Z we mean
a maximal set D of vertices of Z such that the subsigraph
consisting of the edges of Z joining vertices in D is all-negative
and connected. A marked sigraph is an ordered pair Sµ =
(S, µ) where S=(Su, σ) is a sigraph and µ :V (Su)→{+,−} is
a function from the vertex set V (Su) of Su into the set {+,−},
called a marking of S. We define, (V (S))µ = {vi

+,vi
− : ∀ vi ∈

V (S)}. Let v be an arbitrary vertex of a graph S. We denote the
set consisting of all the vertices of S adjacent with v by N(v).
This set is called the neighborhood set of v and sometimes
we call it as neighborhood of v. Next we define two marked
neighborhoods as: N∗(t) = {vµ ∈ (V (S))µ : tv is an edge with
sign µ}, N∗−(t) = {v− ∈ (V (S))µ : tv is an edge}. For each
N(t) of Su, there exist N∗(t) in S and vice versa.

The clique of a graph Su is a subset of vertices such that
every two vertices in the subset are connected by an edge.
δ(N(t)) is a clique generated by vertices in N(t). A cycle in a
sigraph S is said to be positive if the product of the signs of
its edges is positive or, equivalently, if the number of negative
edges in it is even. A cycle which is not positive is said to be
negative. A sigraph is balanced if all its cycles are positive.
A sigraph is said to be clusterable if its vertex set can be
partitioned into pairwise disjoint subsets, called clusters, such
that every negative edge joins vertices in different clusters and
every positive edge joins vertices in the same clusters.

Property 1. A 2-subset {vi,v j} in a neighborhood of a vertex
vk has property P if {vi

−,v j
−} ⊂ N∗(vk) for some i, j, k then

for each N(t) containing vi,v j, {vi
−,v j

−} ⊂ N∗(t).

The 2− path sigraph[3] (S)2 = (V,E ′,σ′) of a sigraph S =
(V,E,σ) is defined as follows: The vertex set is same as the
original sigraph S and two vertices u,v∈V ((S)2), are adjacent
if and only if there exist a path of length two in S. The edge
uv ∈V ((S)2) is negative if and only if all the edges in all the
two paths in S are negative otherwise the edge is positive. The
2-subset {vi,v j} having property P are named as P pairs and
the set of all P pairs is denoted by P∗. A negative section
v1,v2, . . . ,vk in cycle or path is said to be P section if every
alternate vertices forms P pair. If vk = v1 in the P section then
such a P section is called P cycle.

II. 2-PATH SIGRAPHS

In this section we give a characterization of 2-path sigraph
to detect whether a given sigraph is a 2-path sigraph of some
sigraph and find its underlying sigraph. Following characteri-
zation of 2-path graphs was given by Acharya and Vartak.

Lemma 2. [1] A connected graph G with vertices vi, i =
1, ...,n is a 2-path graph of some graph H if, and only if,
G contains a collection of complete subgraphs G1,G2, ...,Gn
such that for each i, j = 1, ...,n, the following hold: (i)vi /∈Gi,
(ii) vi ∈G j⇔ v j ∈Gi, (iii) viv j ∈G there exists Gk containing
viv j.

Theorem 3. A connected sigraph S with vertices vi, i= 1, ...,n
is a 2-path sigraph of some sigraph S′ if, and only if, S contains
a collection of complete subsigraphs S1,S2, ...,Sn with marked
vertices vi

µ, µ ∈ {+,−} such that for each i, j = 1, ...,n, the
following hold:

(i) vi
µ /∈ Si,

(ii) vi
µ1 ∈ S j⇔ v j

µ2 ∈ Si, i 6= j,µ1 = µ2,
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(iii) viv j ∈ E(S) with sign σ then there exists Sk containing
vµi

i ,v
µ j
j where µi,µ j ∈ {+,−} and if σ(vi,v j) =− then

{vi,v j} is a P pair in Sk.

Proof: Necessity: Suppose S is a 2-path sigraph of si-
graph S′ with vertices v1,v2, ...,vn. To show that there exist
a collection of n complete subsigraphs such that (i), (ii) and
(iii) hold. Consider the marked neighborhood N∗(vi) of each
vertex vi, i = 1 to n in S′. By definition, each N∗(vi), i = 1 to
n, generates a complete subsigraph in 2-path sigraph S of S′.
Next, vi

µ /∈ N∗(vi) since sigraph S′ is simple. Let vi
µ ∈ N∗(v j)

for some i, j i 6= j,1≤ i, j≤ n. Then viv j is an edge in S′ with
sign µ. Clearly, v j

µ ∈N∗(vi). If viv j is an edge in 2-path sigraph
S and thus in Su then vi,v j ∈ N(vk) for some k. Let vi,v j ∈ S
with a sign ‘−’, then vivk and vkv j are negative edges in S′.
Thus {v−i ,v

−
j } ∈ N∗(vk) and hence {vi,v j} is P pair.

Sufficiency: Let S contains a collection of complete subsi-
graphs S1,S2, ...,Sn satisfying the three properties (i),(ii) and
(iii). Associate a vertex vi with each set Si generating complete
subsigraph such that vi /∈ Si and join each vi to the vertices of
Si, the obtained sigraph S′ (say) will be such that (S′)2 ∼= S.

Observation 4. Neighborhood of each vertex of S generates
a clique in (S)2, such that the union of such cliques of S gives
(S)2.

Observation 5. The cycle of order n, n 6= 3 in (S)2 for a given
sigraph S is due to a cycle in S.

Observation 6. The cycle of order three in (S)2 of a sigraph
S is either due to

• a cycle of length three or

• K1,3 in S or

• a cycle of order six or

• due to clique generated by neighborhood of a vertex
in S.

III. BALANCED 2-PATH SIGRAPH

In this section we provide with a characterization of
balanced 2-path sigraphs. We refer a following lemma given
by Zaslvasky.

Lemma 7. [7] A sigraph in which every chordless cycle is
positive, is balanced.

Theorem 8. For a sigraph S of order n, the following
statements are equivalent:

(i) (S)2 is balanced.

(ii) For all sequences of vertices v1,v2, ...,vr; 1 ≤ r ≤ n
in S such that vµ1

1 ,vµ2
2 ∈ N∗(t1); vµ2

2 ,vµ3
3 ∈ N∗(t2); ....

; vµ1
1 ,vµr

r ∈ N∗(tr) for some t1, t2, ..., tr ∈ V (S) and
µ1,µ2, ...,µr ∈ {+,−}, vµi

i ,v
µi+1
i+1 ∈ N∗(ti); 1 ≤ i ≤ r

having property P are even in each sequence.

(iii) (a) Each homogeneous cycle in S is either positive or
is a P cycle of length 4k, for some positive integer k.
(b) Each heterogeneous odd cycle in S does not
contain P section of even length and even cycle do
not contain P section.

(c) For each vertex u in S with d(u) ≥ 3, N∗(u)
contains even number of P pairs.

IV. CLUSTERABILITY OF 2-PATH SIGRAPHS

In this section, we discuss the clusterablity of a 2-path
sigraph.

Lemma 9. [2] A sigraph S is clusterable if and only if S
contains no cycle with exactly one negative edge.

Theorem 10. For a given sigraph S of order n, following
conditions are equivalent:

(i) (S)2 is clusterable.

(ii) if for all sequence of vertices x1,x2, ...,xr; 1 ≤ r ≤
n in S such that x1,x2 ∈ N(t1); x2,x3 ∈ N(t2); ... ;
x1,xr ∈ N(tr) for some t1, t2, ..., tr ∈V (S) if there exist
a pair of vertices in sequence xi,xi+1 ∈ N(ti) having
property P then the sequence has atleast one pair of
vertices xl ,xl+1 ∈N(tl) satisfying property P, for some
l, 1≤ l ≤ r.

(iii) (a) If S contains a heterogeneous cycle then no
even cycle in S contains a P section of length
< 5 and no odd cycle contains a P section of
length 3.

(b) No neighborhood of vertex v in S with d(v)≥ 3
contains a single P pair.

Proof: (i) ⇒ (ii). Let for a given sigraph S, (S)2 be
clusterable. Then no cycle in (S)2 has exactly one negative
edge. Let x1,x2, ...,xr; 1 ≤ r ≤ n be a sequence of vertices in
S such that x1,x2 ∈ N(t1); x2,x3 ∈ N(t2); ... ; x1,xr ∈ N(tr)
for some t1, t2, ..., tr ∈ V (S). Let xi,xi+1 ∈ N(ti) be a pair in
sequence x1,x2, ...,xr; 1 ≤ r ≤ n having property P. Clearly
xi,xi+1 will form an negative edge in (S)2. Thus there is atleast
one pair of vertices xl ,xl+1 ∈ N(tl) satisfying property P.

(ii)⇒ (i). Let for all sequences of vertices x1,x2, ...,xr;
1 ≤ r ≤ n in S such that x1,x2 ∈ N(t1); x2,x3 ∈ N(t2); ... ;
x1,xr ∈ N(tr) for some t1, t2, ..., tr ∈ V (S) if there exist a pair
of vertices in sequence xi,xi+1 ∈ N(ti) having property P then
the sequence has atleast one pair of vertices xl ,xl+1 ∈ N(tl)
satisfying property P. This sequence of vertices generates
cycles in (S)2 such that no cycle has exactly one negative
edge. Thus by Lemma 9, (S)2 is clusterable.

(i) ⇒ (iii). Let us assume that (S)2 is clusterable. To
prove that (a) and (b) hold. Let if possible (a) does not hold.
That is there exist a even heterogeneous cycle in S with P
section of length < 5. Then if cycle is of length 2k, then
it will be a cycle of length k in (S)2, and clearly one of
the cycle will contain exactly one negative edge, which is a
contradiction to hypothesis by Lemma 9. Next if there exist
an odd heterogeneous cycle with P section of length 3, then
it will correspond to a single negative edge in (S)2, which is
again not possible.

Next let a neighbourhood of vertex v in S with d(v) ≥ 3,
contains a single P pair. Since each neighborhood N(v) gives
rise to δ(N(v)) clique generated by N(v), and the cycle so
formed will contain exactly one negative edge in (S)2, which
is a contradiction to the hypothesis.
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(iii)⇒ (i). By (a) and (b) it is clear that no cycle in (S)2
contains a single negative edge, hence by Lemma 9 (S)2 is
clusterable.

V. SIGNED-REGULARITY

In this section, we establish a characterization of a signed-
regular 2-path sigraph.

Theorem 11. For a sigraph S, (S)2 is signed-regular if and
only if

(i) For all set if vertices vi,v j ∈V (S) such that vi ∈N(v j),
|∪N(v j)−{vi}| is identical ∀vi ∈V (S).

(ii) If P∗ is collection of all pairs of vertices satisfying
property P then ∑ |vi| ∈ P∗ is identical.

Proof: Necessity: Let for a given sigraph S, (S)2 is signed-
regular. Then number of edges incident to each vertex in (S)2
is identical. The cycle of order n,n 6= 3 in (S)2 for a given
sigraph S is due to a cycle in S. Also neighborhood of each
vertex of S generates a clique in (S)2, such that the union of
such cliques of S gives (S)2, thus (i) holds. Since P∗ consists of
all pair of vertices satisfying property P then as (S)2 is signed-
regular, number of negative edges incident to each vertex in
(S)2 must be equal for all vertices. Thus each vertex vi appears
in P same number of times. Therefore, ∑ |vi| belonging to P∗
is identical.

Sufficiency: Let (i) and (ii) hold for the given sigraph S.
Then by definition of 2-path sigraphs and neighborhood of a
given sigraph S, (S)2 is signed regular.

VI. SIGN-COMPATIBILITY

This section deals with sign-compatibility of a 2-path
sigraph of a given sigraph.

Theorem 12. [5] A sigraph S is sign-compatible if and only
if S does not contain a subsigraph isomorphic to either of the
two sigraphs, S1 formed by taking the path P4 = (x,u,v,y) with
both the edges xu and vy negative and the edge uv positive and
S2 formed by taking S1 and identifying the vertices x and y .

Theorem 13. For a given sigraph S, (S)2 is sign-compatible
if and only if for no sequence of vertices x1,x2,x3,x4 in S
such that x1,x2 ∈ N(t1); x2,x3 ∈ N(t2); x3,x4 ∈ N(t3) for some
t1, t2, t3 ∈V (S) has x1,x2 and x3,x4 as P pairs and x2,x3 /∈ P.

Proof: Necessity: Let for a given sigraph S, (S)2 be sign-
compatible. Then by Theorem 12 (S)2 will not be a subsigraph
which is a path, since such a path in (S)2 is given by a
sequence x1,x2,x3,x4 in S so that x1,x2 ∈N(t1); x2,x3 ∈N(t2);
x3,x4 ∈ N(t3) for some t1, t2, t3 ∈V (S). Hence for no sequence
of vertices x1,x2,x3,x4 in S such that x1,x2 ∈ N(t1); x2,x3 ∈
N(t2); x3,x4 ∈ N(t3) for some t1, t2, t3 ∈ V (S) has x1,x2 and
x3,x4 as P pairs.

Sufficiency: Let for no sequence of vertices x1,x2,x3,x4
in S such that x1,x2 ∈ N(t1); x2,x3 ∈ N(t2); x3,x4 ∈ N(t3) for
some t1, t2, t3 ∈V (S) has x1,x2 and x3,x4 as P pairs. Thus (S)2
does not contain forbidden subsigraphs mention in Theorem
12. Hence by Theorem 12 (S)2 is sign-compatible.
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Abstract—The stability analysis of evolutionary algorithms is
considered to be an important research topic. DE is one of the
most popular and efficient, continuous optimization algorithm.
In this paper, the stability analysis for DE has been carried out.
As outcome of this stability analysis, DE parameters’ optimal
choice has been suggested.
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I. INTRODUCTION

Differential Evolution (DE) algorithm is presently among
the highly rated population based stochastic algorithm. Its
simplified and efficient approach enables it in solving prob-
lems pertaining to multi objective, multi-modal, dynamics and
constrained optimization problem. Since the inception of first
variant of DE algorithm by R.Storm and K.Price in 1995
[5], quite many variants have been proposed so far. These
variants are developed by hybridizing the original DE with
other optimization algorithms, by using self adaptive schemes,
by manipulating the equations at Mutation phase of the algo-
rithm and many more. Surveys containing current status of
research in the field of DE were recently published [1], [3].
In recent research each parameter vector of DE algorithm is
modelled as a search-agent moving under the directives of
the DE algorithm, over the fitness landscape in continuous
time searching for the optima. Based on the proposed model,
the stability and convergence of the DE-vectors in a small
neighbourhood centered on an isolated equilibrium point, has
been investigated with Lyapunov’s stability theorem [2].
This paper presents the stability analysis of two strategies of
DE, namely DE/rand/1 and DE/target-to-best/1. The optimal
choice of scaling factor F has also been recommended based
on the von Neumann stability analysis of finite difference
scheme [6].

II. DE ALGORITHM

Differential Evolution (DE) algorithm is a branch of evolu-
tionary programming for optimizing problems over continuous
domains. Differential Evolution is a design tool of great utility
that is immediately accessible for practical applications. DE
has various strategies depending upon the selection of target
vector, count of difference vectors used and the variety of
crossover. Similar to other population based search algorithms,
in DE a population of potential individuals searches the

solution. In a N-dimensional search space, an individual is
represented by a N-dimensional vector (xi1 , xi2 , ..., xiN ), i =
1, 2, . . ., NP where, NP is the population size.
The DE algorithm have three operators: Mutation, Crossover
and Selection operator. Initially using uniform distribution a
population is generated randomly. Trial vector generation plays
a pivotal role in the algorithm. To generate the trial vectors
we use mutation and crossover operators whereas selection
operator is used to select the best trial vector for the later
generation. DE operators are explained briefly in the following
subsections.

A. Mutation Operator

For each individual of the current population a trial vector
is generated using the mutation operator. A target vector is
mutated with a weighted differential for the generation of
the trial vector. Using the newly produced trial vector an
offspring is produced in the crossover operations. If G is
the index for generation counter, the mutation operator for
generating a trial vector vi(G) from the parent vector xi(G)
is defined as follows:

- A target vector xi1(G) is selected from the population such
that i 6= i1.
- From the population, two individuals xi2 and xi3 are
selected randomly such that i, i1, i2, i3 are distinct from each
other.
- For calculating the trial vector the target vector is mutated
as follows :

~vi(G) = ~xi1(G) + F ( ~xi2(G)− ~xi3(G))
where, F ∈ [0, 1] is the mutation scale factor which is used
in controlling the amplification of the differential variation.

B. Crossover Operator

Using the crossover of parent vector xi(G) and the trial
vector vi(G) the offspring is generated as follows :

x
′

i,j(G) =

{
vi,j(G), if j ∈ J
xi,j(G), otherwise

}
where, J is the set of cross over points, xi,j(G) is the jth

element of the vector xi(G).
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Binomial crossover and exponential crossover are used most
frequently to determine the set J . In this algorithm, CR is
the probability that the considered crossover point will be
included. Larger the value of CR, more the crossover points
will be selected. Here, J is a set of crossover points, CR
is crossover probability, U(1, N) is a uniformly distributed
random integer between 1 and N.

C. Selection Operator

There are two functions of the selection operator: First it
selects the individual for the mutation operation to generate
the trial vector and second, it selects the best, between
the parent and the offspring based on their fitness value
for the next generation. If fitness of parent is greater than
the offspring then parent is selected otherwise offspring is
selected:

xi(G+ 1) =

{
x

′

i(G), if f(x
′

i(G)) > f(xi(G)).
xi(G), otherwise

}

This helps in controlling the deterioration of average fitness
of the population [4].

III. STABILITY ANALYSIS OF DE ALGORITHM

Consider the two mutation strategies namely DE/rand/1
and DE/target-to-best/1 :

DE/rand/1 (Strategy 1) : ~Vi = ~Xr1 + F ( ~Xr2 − ~Xr3)
where, ~Vi is the donor vector, ~Xrj ; j = 1, 2, 3 are randomly
selected target vectors from the population and F is the
scaling factor.

DE/target-to-best/1 (Strategy 2) : ~Vi = ~Xi + F1( ~Xbest −
~Xi) + F2( ~Xr1 − ~Xr2)

where, ~Vi is the donor vector, ~Xi is the target vector, ~Xbest

is the best target vector from the population, ~X1 and ~Xr2 are
the randomly selected target vectors from the population, F1

and F2 are the scaling factors.

Since, right hand side of Strategy 1 is a vector addition of
a randomly selected solution vector ~Xr1 and a vector whose
initial and terminal points are ~Xr3 and ~Xr2 respectively.
Also, ~Xr3 and ~Xr2 are randomly selected individuals from
the current population, without loss of generality we can
assume F to be always non-negative.
Similarly, in case of Strategy 2 we can consider both F1 and
F2 to be non-negative always.

First, consider the Strategy 1 of DE algorithm in the
following form:

xk(t+ 1) = wxr1(t) + F (xr2(t)− xr3(t)) (1)

where, w is the introduced inertial weight (originally w = 1),
k and t represents population index and time respectively. r1,
r2 and r3 are randomly generated numbers.
Without loss of generality, we can take r1 = k±a, r2 = k±b,
r3 = k± c where a, b and c are randomly generated integers.
Also, 1 ≤ r1 , r2 , r3 ≤ NP

Hence,

xk(t+ 1) = wxk±a(t) + F (xk±b(t)− xk±c(t)) (2)

If the actual solution to a problem in an k-t computational
domain is given by x = x(k, t), the approximation in the nodes
of a computational grid will be given by xi,j = x(ki, tj). Let
the mth component of the complex Fourier series solution to
the given equation be given by :

xm(k, t) = Ame
ι(σmk−βmt) (3)

where, ι =
√
−1, Am is the amplitude of the mth component,

βm is the angular frequency of the mth component and σm
represents the wave number of the mth component.

In terms of grid points (i, j), equation (2) can be written as

xi,j+1 = wxi±a,j + F (xi±b,j − xi±c,j) (4)

Again, the mth component of the solution of the equation
(4) at point (i, j) is given by

xmi,j = Ame
−ιβmj∆teισmi∆k (5)

where, ki = i∆k and tj = j∆t
by putting the value of xmi,j in equation (4), we get the
Amplification factor as :

e−ιβm∆t = we±ισma∆k + F (e±ισmb∆k − e±ισmc∆k) (6)

For marginal stability, the magnitude of Amplification
factor must be equal to unity [6].

i.e. |e−ιβm∆t| = 1

Now,
|e−ιβm∆t| = |we±ισma∆k + F (e±ισmb∆k − e±ισmc∆k)|

or |e−ιβm∆t| ≤ |we±ισma∆k|+ |F (e±ισmb∆k − e±ισmc∆k)|
or |e−ιβm∆t| ≤ |w|+ 2|F |

The algorithm will be marginally stable when
|e−ιβm∆t| = |w|+ 2|F | = 1
i.e., |w| = 1− 2|F |
Now, |w| ≥ 0, i.e. 1− 2|F | ≥ 0
or |F | ≤ 1/2
or F ∈ [−1/2, 1/2]
In other words, algorithm will be marginally stable when
F ∈ [−1/2, 1/2]. This recommendation matches with the
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general setting of F also, i.e. F = 1/2.

Secondly, consider the Strategy 2 of DE algorithm in the
following form:

xk(t+1) = wxk(t)+F1(xbest(t)−xk(t))+F2(xr1(t)−xr2(t))
(7)

where, w is the introduced inertial weight (originally w = 1),
k and t represents population index and time respectively.
r1 and r2 are randomly generated numbers. F1 and F2 are
scaling factors.

Without loss of generality we can take best = k ± a,
r1 = k ± b, r2 = k ± c where a is fixed integer, b and c
are randomly generated integers. Also, 1 ≤ best , r1 , r2 ≤ NP

Hence,

xk(t+1) = wxk(t)+F1(xk±a(t)−xk(t))+F2(xk±b(t)−xk±c(t))
(8)

If the actual solution to a problem in an k-t computational
domain is given by x = x(k, t), the approximation in the nodes
of a computational grid will be given by xi,j = x(ki, tj). Let
the mth component of the complex Fourier series solution to
the given equation be given by

xm(k, t) = Ame
ι(σmk−βmt) (9)

where, ι =
√
−1, Am is the amplitude of the mth component,

βm is the angular frequency of the mth component and σm
represents the wave number of the mth component.

In terms of grid points (i, j), equation (8) can be written
as:

xi,j+1 = wxi,j+F1(xi±a,j−xi,j)+F2(xi±b,j−xi±c,j) (10)

Again, the mth component of the solution of the equation
(10) at point (i, j) is given by

xmi,j = Ame
−ιβmj∆teισmi∆k (11)

where, ki = i∆k and tj = j∆t
by putting the value of xmi,j

in equation (10) we get the
Amplification factor as

e−ιβm∆t = w+F1(e±ισma∆k−1)+F2(e±ισmb∆k−e±ισmc∆k)
(12)

For marginal stability, the magnitude of Amplification factor
must be equal to unity [6].

i.e. |e−ιβm∆t| = 1

Now,
|e−ιβm∆t| = |w + F1(e±ισma∆k − 1) + F2(e±ισmb∆k −

e±ισmc∆k)|
or |e−ιβm∆t| ≤ |w|+ |F1(e±ισma∆k − 1)|+ |F2(e±ισmb∆k −
e±ισmc∆k)|
or |e−ιβm∆t| ≤ |w|+ 2|F1|+ 2|F2|

The algorithm will be marginally stable when,
|e−ιβm∆t| = |w|+ 2|F1|+ 2|F2| = 1
i.e., |w| = 1− 2(|F1|+ |F2|). Now, |w| ≥ 0
i.e. 1− 2(|F1|+ |F2|) ≥ 0
or |F1|+ |F2| ≤ 1/2
or (F1 + F2) ≤ 1/2 (as previously discussed)
or (F1 + F2) ∈ [−1/2, 1/2]
In other words, algorithm will be marginally stable when
(F1 + F2) ∈ [−1/2, 1/2].

Finally, we see that for Strategy 1 the algorithm is
marginally stable when the scaling factor F lies in the interval
[0,1/2], considering that 0 ≤ |w| ≤ 1.
In case of Strategy 2, if we consider 0 ≤ |w| ≤ 1, the sum
of scaling factor i.e. (F1 +F2) should be in the range [0,1/2].

IV. CONCLUSION

In order to find the suitable value of scaling factor F
in Differential Evolution (DE) algorithm, stability analysis
of DE has been carried out using von Neumann stability
analysis of finite difference scheme. Two strategies DE/rand/1
and DE/target-to-best/1 were considered. It is found that the
algorithm is stable when the sum of scaling parameters is
within the range [0,1/2].
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Abstract—Gravitational search algorithm is a nature inspired
optimization algorithm, inspired by newton’s law of gravity and
law of motion. In this paper, a new variant of Gravitational
search algorithm is presented. The exploration and exploitation
capability of GSA is balanced by splitting the whole swarm
into two groups. The search process is modified so that one
group better exploits and one group becomes responsible for
better exploration. This proposed algorithm is tested over some
benchmark functions. The results show that our approach gives
a better balance between exploration and exploitation to get
the optimal solution. A comparative study of this algorithm
with GSA and some well-known swarm based meta-heuristic
search methods like Bio-geography based optimization (BBO),
Differential evolution (DE) and Artificial bee colony (ABC)
confirm its efficiency and robustness.

Keywords: Gravitational Search Algorithm (GSA), Gravita-
tional Constant, Grey Wolf Optimizer, Exploration, Exploitation.

I. INTRODUCTION

Solving rigid and highly non linear optimization problems
has become an emerging area in the field of science and
engineering. Due to non-linear, non-differentiable, multimodal
and dynamic in nature, these problems are usually difficult for
traditional or exhaustive search methods.
Therefore swarm based nature inspired algorithms are one
of the better methods to deal these problems due to its
flexibility, simplicity, derivation-free mechanism, and local
optima avoidance.
Gravitational search algorithm (GSA) [7] is a relatively new
population based stochastic search technique in the field of
nature inspired algorithms. GSA is inspired by the movement
of agents under the influence of the gravitational forces. Due
to these forces, a global movement generates which drives all
agents towards the agents having heavies masses [2].
The effectiveness and robustness of these meta heuristic algo-
rithms depend upon two fundamental process which navigate
the swarm in the search space: the exploration process which
explores the large search space and ensures that solution
does not converge in local optima while exploitation process
concentrates on best solution for convergence to optimality
[12]. A proper balance between exploration and exploitation
makes a algorithm perfect.
So far, a lot of work have been done by researcher to achieve a
proper balance between exploration and exploitation. Seyedali
Mirjalili et al. [5] introduced the memory feature in GSA,
namely PSOGSA. Sarafrazi et al. [8] proposed disruption

operator to improve the exploration and exploitation ability
of GSA. Doraghinejad et al. [1] suggested a new operator
inspired by some of the characteristics of the black hole
to prevent from premature convergence and to improve the
exploration and exploitation abilities of GSA.
To improve the exploitation and exploration properties of basic
Gravitational search algorithm, a new variant called Grey Wolf
Gravitational search algorithm (GWGSA) is proposed in this
paper.
The remaining paper is organized as follows: Section II
provides a overview of standard GSA. In Section III, we
introduce a brief description of Grey Wolf GSA. In Section
IV, experiment results and comparative study is presented and
finally the paper is concluded in section V.

II. STANDARD GSA

Gravitational Search Algorithm (GSA) is a new population-
based intelligence technique for optimization developed by
Rashedi et al [7]. This algorithm has been motivated by the
law of gravity and the law of motion.

The GSA algorithm can be described as follows:
Consider the swarm of N agents, in which each agent Xi in
search space is defined as:

Xi = (x1i , ....., x
d
i , ....., x

n
i ), ∀ i = 1, 2, ....., N (1)

Here, xdi shows the position of ith agent in d dimensional
space, n is the dimension of the search space and N
is swarm size. Since mass of each agent is dependent
upon its fitness value therefore, computation of masses are
done after computing the current population fitness as follows:

qi(t) =
fiti(t)− worst(t)
best(t)− worst(t)

(2)

Mi(t) =
qi(t)∑n
j=1 qj(t)

(3)

Here,
fiti(t) is the fitness value of agent i at iteration t,
Mi(t) is the mass of agent i at iteration t.
Worst(t) and best(t) are worst and best fitness of the current
population.

2016 International Workshop on Computational Intelligence (IWCI)
12-13 December 2016, Dhaka, Bangladesh

239

mk64
Typewriter
978-1-5090-5769-6/16/$31.00 ©2016 IEEE



The computation of acceleration of ith agent is denoted by
adi (t) and defined as:

adi (t) =
F di (t)

Mi(t)
(4)

where, Mi(t) is the mass of ith agent and F di (t) is the total
force acting on ith agent by a set of Kbest heavier masses in
dth dimension at iteration t. F di (t) is calculated as:

F di (t) =
∑

j∈Kbest,j 6=i

randjF
d
ij(t) (5)

Here, Kbest is first K agents with the best fitness values
and biggest masses and randj is a uniform random number
between 0 and 1. Kbest is a function of time having linearly
decreasing property. The value of Kbest will reduce in each
iteration and at the end only one agent will apply force to the
other agents. At the tth iteration, the force applied on agent i
from agent j in the dth dimension is defined:

F dij(t) = G(t)
Mi(t)Mj(t)

Rij + ε
(xdi (t)− xdj (t)) (6)

Finally, the acceleration of an agent is calculated as:

adi (t) =
∑

j∈Kbest,j 6=i

randjG(t)
Mj(t)

Rij + ε
(xdi (t)− xdj (t)), (7)

d = 1, 2, ..., n and i = 1, 2, ..., N .
Here, Rij(t) is the euclidean distance between two agents, i
and j. ε is a small value.
G(t) is Gravitational constant and is a decreasing function of
time :

G(t) = G0exp
−α t

T (8)

G0 and α are constants which are initialized at the beginning.
the value of G(t) will be reduced with time to control the
search accuracy. In GSA the value of G0 and α are set to 100
and 20 respectively. t is the current iteration and T is the total
number of iterations.

The velocity and the position update equations of an agent
is calculated as :

vdi (t+ 1) = randi × vdi (t) + adi (t) (9)

xdi (t+ 1) = xdi (t) + vdi (t+ 1) (10)

where vdi (t) and xdi (t) present the velocity and position of
agent i in dimension d respectively. randi is uniform random
number in the interval [0,1].

III. GREY WOLF GRAVITATIONAL SEARCH ALGORITHM

The balanced trade off between exploration and exploitation
is the most important aspect for the robustness and
effectiveness of a swarm based meta-heuristic algorithm.
Exploration of the whole search space and exploitation of the
near optimal solution region may be balanced by maintaining
the diversity in early and later iterations of any random
number based search algorithm [9].

In GSA, it is clear from the position update equations (9)
and (10) that the next move of an agent depends upon
its velocity which further depends upon its acceleration.
Acceleration of an agent is decided by the gravitational
constant. Therefore the step size of an agent is directly
proportional to gravitational constant. Hence gravitational
constant is the key entity which makes the balance between
exploration and exploitation ability of search space. Equation
(8) shows that gravitational constant is a decreasing function
of time, however the value of G(t) may cause either pre
mature convergence or skipping the local optima.
To overcome this drawback and improving the exploitation
and exploration ability, in this paper two position update
strategies are proposed in which first position update strategy
enhances the exploitation while second position update
strategy improves exploration property of the search space.
To improve the exploitation ability of the search space, half
agents of the population having less fitness probabilities
encircle the best agent of the population (agent of maximum
fitness / prey) using encircling behavior of grey wolf [6]. In
grey wolf optimizer, grey wolves (agents) encircle the prey
(best agent) during the hunt. The encircling behavior can be
written as:

H = abs(C ·Xmax − xi(t)) (11)

xi(t+ 1) = Xmax −A ·H (12)

where t indicates the iteration counter, A and C are coefficient
vectors, xi is the position vector of the ith grey wolf, and
Xmax indicates the position vector of a prey. The vectors A
and C are calculated as follows:
A= 2 ·Gnew(t) · r1 −Gnew(t),
C= 2 · r2.
Here r1 and r2 are two different uniformly random numbers
between 0 and 1. Gnew(t) is the new gravitational constant
defined as:

Gnew(t) = G0exp
−α t

T (13)

Here the value of G0 and α are set to 0.5 and 35 respectively.
The difference between G(t) and Gnew(t) has been demon-
strated in Figure 1.

Equations (11) and (12) define the next move of a grey
wolf (agent) according to the position of the prey (best agent).
Different places around the best agent can be reached with
respect to the current position by adjusting the value of A and
C vectors.

The fitness probability of each agent xi is calculated as:

probi =
0.9× fit(i)
maxfit(i)

+ 0.1 (14)

fit(i) is the fitness value of ith agent. Fitness is calculated
with the help of objective value and using the following
formula:

fit(i) =

{
1

1+fi
, if (fi ≥ 0)

1 + abs(fi), if fi < 0.
(15)
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Fig. 1: Difference between G(t) and Gnew(t) with respect to
iterations, where K(t) = log10G(t) and

Knew(t) = log10Gnew(t)

To improve the exploration ability of search space, rest half
of agents having higher fitness probabilities are diversified in
the search space with their respective randomized velocities
in according to the following equation:

xdi (t+ 1) = xdi (t) + rand× vdi (t+ 1) (16)

The position update strategies of GWGSA is shown in Algo-
rithm 1.

Algorithm 1 Position update strategies in GWGSA:
Evaluate the fitness probability of each individual of swarm;
Sort agents with respect to the order of sorted probability;
Find Xmax (agent having maximum fitness / prey);
Divide swarm into two groups each having (swarm size/2)
agents;
Gp1 is a first group of agents having less fitness;
Gp2 is a second group of agents having higher fitness;
for each agent xi ∈ Gp1, encircles Xmax do
r1 = rand1;
r2 = rand2;
A = 2 ·Gnew(t) · r1 −Gnew(t);
C = 2 · r2;
H = abs(C ·Xmax − xi(t));
xi(t+ 1) = Xmax −A ·H;

end for
for each agent xi ∈ Gp2 do
xdi (t+ 1) = xdi (t) + rand× vdi (t+ 1)

end for

IV. EXPERIMENTAL RESULTS AND DISCUSSION

In the Table II, 19 standard benchmark functions [7] with
their respective range, optimum value and dimension are used

to evaluate the performance of proposed algorithm.
An empirical comparative analysis is performed among
GWGSA, standard GSA, BBO, DE and ABC for justification
of the efficiency and robustness of the proposed algorithm.
Following GWGSA parameters have been considered for
numerical experiments:

Test Prob-
lem

U rank sum test
with GWGSA

GSA BBO DE ABC

f1 + + + +
f2 + + + +
f3 + + + +
f4 + + + +
f5 + + - -
f6 + + + +
f7 + + + +
f8 + + + +
f9 + + + +
f10 + + + +
f11 + + + +
f12 + + + +
f13 + + + +
f14 + + + +
f15 + = + +
f16 + + + +
f17 + + + -
f18 + + + +
f19 + + + +

TABLE I: Comparison based on mean function evaluations and
the Mann-Whitney U rank sum test at a α = 0.05 significance
level (‘+’ indicates GWGSA is significantly better, ‘-’ indicates
GWGSA is worse and ‘=’ indicates that there is no significant
difference), TP: Test Problem.

• The number of simulations/run =30,
• Individuals swarm size=50,
• For GSA, G0 = 100 and α = 20 [7],
• The stopping criteria is either acceptable error ( referred

in Table II) has been achieved or maximum number
of function evaluations (which is set to be 200000) is
reached,

• Parameters for the algorithms GSA [7], BBO [10], DE
[11] and ABC [3] are initialized from their primary
research papers respectively.

The experimental results of the mentioned algorithms are
shown in Table III, which describe a comprehensive analysis
about the standard deviation (SD), mean error (ME), average
number of function evaluations (AFE) along with the success
rate (SR). The statistical study of Table III replicates that most
of the time GWGSA dominates in terms of efficiency, relia-
bility as well as accuracy as compare to the other considered
algorithms.
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(a) Comparative behaviour for f1 (b) Comparative behaviour for f3

(c) Comparative behaviour for f8 (d) Comparative behaviour for f10

Fig. 2: Average best for benchmark functions f1, f3, f8 and f10

Fig. 3: Boxplots graphs (Average number of function evaluations)
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Test problem Objective function Search Range Optimum Value Dim (n) AE

Sphere f1(x) =
∑n

i=1 x
2
i [−5.12, 5.12] f(~0) = 0 30 1.0E − 05

De Jong f4 f2(x) =
∑n

i=1 i.(xi)
4 [−5.12, 5.12] f(~0) = 0 30 1.0E − 05

Griewank f3(x) = 1 + 1
4000

∑n
i=1 x

2
i −

∏n
i=1 cos(

xi√
i
) [−600, 600] f(~0) = 0 30 1.0E − 05

Ackley f4(x) = −20 + e+ exp(−0.2
n

√∑n
i=1 xi

3)
[−1, 1] f(~0) = 0 30 1.0E − 05

−exp( 1
n

∑n
i=1 cos (2π.xi)xi)

Cosine f5(x) =
∑n

i=1 xi
2 − 0.1(

∑n
i=1 cos 5πxi) + 0.1n [−1, 1] f(~0) = −n× 0.1 30 1.0E − 05

Mixture

Exponential f6(x) = −(exp(−0.5
∑n

i=1 xi
2)) + 1 [−1, 1] f(~0) = −1 30 1.0E − 05

Cigar f7(x) = x0
2 + 100000

∑n
i=1 xi

2 [−10, 10] f(~0) = 0 30 1.0E − 05

brown3 f8(x) =
∑n−1

i=1 (xi
2(xi+1)

2+1
+ xi+1

2xi
2+1

) [−1, 4] f(~0) = 0 30 1.0E − 05

Schewel f9(x) =
∑n

i=1 |xi|+
∏n

i=1 |xi| [−10, 10] f(~0) = 0 30 1.0E − 05

Axis parallel f10(x) =
∑n

i=1 i.x
2
i [−5.12, 5.12] f(~0) = 0 30 1.0E − 05

hyper-ellipsoid

Sum of differ- f11(x) =
∑n

i=1 |xi|
i+1 [−1, 1] f(~0) = 0 30 1.0E − 05

ent powers

Rotated f12(x) =
∑n

i=1

∑i
j=1 x

2
j [−65.536, 65.536] f(~0) = 0 30 1.0E − 05

hyper-ellipsoid

Beale f13(x) = [1.5− x1(1− x2)]2 + [2.25− x1(1− x22)]2+ [−4.5, 4.5] f(3, 0.5) = 0 2 1.0E − 05

[2.625− x1(1− x32)]2

Branins‘s f14(x) = a(x2 − bx21 + cx1 − d)2 + e(1− f) cosx1 + e −5 ≤ x1 ≤ 10, f(−π, 12.275) 2 1.0E − 05

0 ≤ x2 ≤ 15 = 0.3979

Gear train f15(~x) =
(

1
6.931
− x1x2

x3x4

)2
[12, 60] f(19, 16, 43, 49) 4 1.0E − 15

= 2.7× 10−12

Six-hump f16(x) = (4− 2.1x21 + x41/3)x
2
1 + x1x2 + (−4 + 4x22)x

2
2 [−5, 5] f(−0.0898, 0.7126) 2 1.0E − 05

camel back = −1.0316

Hosaki f17(x) = (1− 8x1 + 7x21 − 7/3x31 + 1/4x41)x
2
2 exp(−x2) [0, 5], [0, 6] −2.3458 2 1.0E − 05

Problem subject to 0 ≤ x1 ≤ 5, 0 ≤ x2 ≤ 6

McCormick f18(x) = sin(x1 + x2) + (x1 − x2)2 − 3
2
x1 +

5
2
x2 + 1 −1.5 ≤ x1 ≤ 4, f(-0.547,-1.547) 30 1.0E − 04

−3 ≤ x2 ≤ 3 = −1.9133

Temp f19(x) = x21 + x22 [−5, 5] f(0)= 0 2 1.0E − 05

TABLE II: Benchmark functions

For scrutinized comparison of these algorithms, boxplot
analysis has also been carried out with respect to average
function evaluation (AFE). Boxplot analysis is a well known
tool to describe the empirical distribution of data graphically.
From Figure 3 it is clear that the boxplot of GWGSA have less
interquartile range and medians as compare to other considered
algorithms.

It is possible that these differences may occur due to some
randomness therefore another statistical test is required to find
out the real cause behind these differences.

The Mann-Whitney U rank sum test [4] is a non-parametric
test for comparison among the data which are not normally
distributed. In this paper, this test is performed at 5% level of
significance (α = 0.05) between GWGSA - GSA, GWGSA -
BBO, GWGSA - DE, and GWGSA - ABC.

If significant difference between two data sets does not
occur, it implies that the null hypothesis is accepted therefore
sign ‘=’ appears. On the contrary, the null hypothesis is
rejected therefore ‘-’ or ‘+’ signs appears accordingly the first
data set is more or less than the second.

In this paper, the data sets are the average function eval-
uations of a particular algorithm. ‘-’ or ‘+’ signs shows that
a particular algorithm have more or less number of function
evaluations compare than other. In the Table I, 72 ‘+’ signs out
of 76 comparisons assure that GWGSA requires less number
of function evaluation implies that less cost effective compare
than considered algorithms.
The convergence speed of the considered algorithms over a test
problem is measured by function of evaluations, i.e. how many
times a algorithm use the fitness function regarding to solve
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TP Algorithm SD ME AFE SR

f1

GWGSA 1.8241E-07 9.41445E-06 3866.66 30
GSA 7.28788E-07 9.01169E-06 95195 30
BBO 3.52935E-05 9.98244E-05 200000 0
DE 8.6284E-07 9.15079E-06 22300 30
ABC 2.01936E-06 8.16768E-06 20508.33 30

f2

GWGSA 1.08307E-06 6.74016E-06 2650 30
GSA 1.15202E-06 8.38172E-06 62898.33 30
BBO 8.00792E-07 8.9837E-06 46193.33 30
DE 0.01904842 0.003545973 20077.58 29
ABC 3.11143E-06 4.9033E-06 9931.66 30

f3

GWGSA 7.88368E-07 8.94589E-06 5233.33 30
GSA 2.5317E-16 0.758961623 200000 0
BBO 0.001129065 0.762959217 200000 0
DE 0.005951412 0.002633154 31741.66 24
ABC 0.001263587 0.000228381 41050.5 30

f4

GWGSA 1.51572E-07 9.70134E-06 23016.66 30
GSA 3.23539E-07 9.426E-06 160631.66 30
BBO 0.010015867 0.045344509 200000 0
DE 5.61227E-07 9.27488E-06 42663.33 30
ABC 1.56408E-06 8.27669E-06 49570 30

f5

GWGSA 1.058762768 0.74866815 71933.33 30
GSA 1.16214E-06 8.815E-06 111108.33 30
BBO 0.186672121 0.157684431 200000 0
DE 0.04433252 0.01478668 23050 27
ABC 2.62508E-06 7.21939E-06 23021.66 30

f6

GWGSA 3.32014E-07 8.86804E-06 2983.33 30
GSA 9.71668E-07 8.90081E-06 90871.66 30
BBO 3.61922E-07 9.53932E-06 93826.66 30
DE 9.20808E-07 8.7858E-06 16905 30
ABC 2.22462E-06 7.45824E-06 16988.33 30

f7

GWGSA 3.93638E-07 9.58879E-06 23366.66 30
GSA 4.585612147 3.681823346 200000 0
BBO 7.825705935 22.28235959 200000 0
DE 7.03313E-07 9.07831E-06 39768.33 30
ABC 1.94844E-06 7.95431E-06 34818.33 30

f8

GWGSA 8.67848E-07 8.66318E-06 4383.33 30
GSA 7.47565E-07 8.82557E-06 99023.33 30
BBO 1.6474E-05 4.25953E-05 200000 0
DE 9.31329E-07 8.87821E-06 22293.33 30
ABC 2.28625E-06 7.62743E-06 20741.66 30

f9

GWGSA 2.41195E-08 9.92469E-06 35200 30
GSA 4.79823E-07 9.37587E-06 181635 30
BBO 0.008899536 0.056087836 200000 0
DE 3.24203E-07 9.62591E-06 45363.33 30
ABC 1.12129E-06 9.04997E-06 41708.33333 30

f10

GWGSA 1.08127E-07 9.88779E-06 8200 30
GSA 9.19945E-07 8.94862E-06 110045 30
BBO 0.000433073 0.001282362 200000 0
DE 6.06354E-07 8.95798E-06 25803.33 30
ABC 1.99482E-06 7.90469E-06 22730 30

f11

GWGSA 2.50331E-06 7.25032E-06 1550 30
GSA 2.40313E-06 7.11963E-06 46356.66 30
BBO 2.20301E-06 7.48081E-06 3241.66 30
DE 2.10875E-06 7.04301E-06 7698.33 30
ABC 2.83237E-06 5.23398E-06 16141.66 30
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TP Algorithm SD ME AFE SR

f12

GWGSA 7.11315E-07 8.90979E-06 4766.66 30
GSA 1.19562E-06 8.75074E-06 95633.33 30
BBO 0.005393584 0.014373538 200000 0
DE 8.16356E-07 9.12408E-06 32888.33 30
ABC 2.04172E-06 7.61228E-06 27908.33 30

f13

GWGSA 9.59991E-07 4.45508E-06 683.33 30
GSA 2.93149E-06 5.48556E-06 71990 30
BBO 0.228618561 0.07621397 36078.33 27
DE 2.97731E-06 4.48602E-06 1416.66 30
ABC 1.19621E-06 8.83894E-06 17239.33 30

f14

GWGSA 2.90363E-05 2.74038E-05 550 30
GSA 3.65196E-05 4.21047E-05 40393.33 30
BBO 2.8596E-05 5.76747E-05 6991.66 30
DE 6.28338E-06 5.81868E-06 2100 25
ABC 6.88936E-06 6.09223E-06 1623.73 30

f15

GWGSA 7.07973E-14 1.88383E-12 1116.66 30
GSA 7.76657E-13 1.88817E-12 22308.33 30
BBO 8.24545E-13 1.78926E-12 1090 30
DE 7.59234E-13 1.86588E-12 39365 30
ABC 0.01174734 0.0128677 103825.16 2

f16

GWGSA 1.29405E-05 5.02016E-06 700 30
GSA 1.12012E-05 1.19688E-05 46130 30
BBO 0.399829919 0.326463166 83296.66 18
DE 1.4363E-05 1.64462E-05 1546.66 15
ABC 1.13941E-05 1.17778E-05 955 30

f17

GWGSA 7.87028E-06 5.08423E-06 816.66 30
GSA 5.91694E-06 5.22298E-06 41056.66 30
BBO 3.34298E-16 1.218005973 200000 0
DE 6.34868E-06 6.52551E-06 972.91 24
ABC 6.30488E-06 6.19834E-06 663.33 30

f18

GWGSA 5.59563E-06 8.68309E-05 516.66 30
GSA 7.45542E-06 8.71969E-05 44575 30
BBO 6.54881E-06 8.96289E-05 2600 30
DE 6.09609E-06 8.73884E-05 990 30
ABC 6.64539E-06 8.89613E-05 1105 30

f19

GWGSA 1.04981E-06 2.77983E-06 533.33 30
GSA 3.10667E-06 5.14861E-06 44628.33 30
BBO 2.78005E-06 4.76596E-06 750 30
DE 2.66975E-06 5.11721E-06 985 30
ABC 0.07366599 0.235931 696.66 30

TABLE III: Minimization results of benchmark functions

a problem or fulfill the stopping criteria. To reduce the effect
of random behavior of the algorithms, the average function of
evaluations is used for each test problem over 30 runs. The
convergence speed of a algorithm is inversely proportional to
AFEs used by it to solve a test problem.
In order to compare the convergence speed of proposed algo-
rithm over the considered algorithm, Acceleration rate (AR) is
used. AR is based on the ratio between the AFEs of proposed

(GWGSA) and considered algorithm (ALGO) defined as:

AR =
AFEALGO
AFEGWGSA

, (17)

where, ALGO ∈ {GSA, BBO, DE, and ABC} and AR > 1
(equation (17)) means GWGSA is faster than the compared
algorithm (ALGO). Table IV represents a comparison results
between GWGSA and GSA, GWGSA and BBO, GWGSA and
DE, and GWGSA and ABC in terms of AR. These results
confirm that GWGSA have better convergence speed compare
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TP GSA BBO DE ABC

f1 24.62 51.72 5.77 5.30
f2 23.74 17.43 7.58 3.75
f3 38.22 38.22 6.07 7.84
f4 6.98 8.69 1.85 2.15
f5 1.54 2.78 0.32 0.32
f6 30.46 31.45 5.67 5.69
f7 8.56 8.56 1.70 1.49
f8 22.59 45.63 5.09 4.73
f9 5.16 5.68 1.29 1.18
f10 13.42 24.39 3.15 2.77
f11 29.91 2.09 4.97 10.41
f12 20.06 41.96 6.90 5.85
f13 105.35 52.80 2.07 25.23
f14 73.44 12.71 3.82 2.95
f15 19.98 0.98 35.25 92.98
f16 65.90 119.00 2.21 1.36
f17 50.27 244.90 1.19 0.81
f18 86.27 5.03 1.92 2.14
f19 83.68 1.41 1.85 1.31

TABLE IV: Acceleration Rate (AR) of GWGSA as compared
to the GSA, BBO, DE and ABC, TP: Test Problems

than considered algorithms. Figure 2 also establishes the fast
convergence nature of the proposed variant.

V. CONCLUSION

In this paper, a novel concept of Grey Wolf GSA (GWGSA)
is presented. GWGSA provides a better balance between
exploration and exploitation by dividing the whole swarm into
two groups according to agent‘s fitness probabilities. First
group refines exploitation whereas second group improves
exploration properties of the search space. The proposed
GWGSA is tested over 19 benchmark functions and proved
its effectiveness.
The obtained results motivate that the proposed algorithm
could be used very effectively for the real world optimization
problems having high complexity.
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Abstract—In this paper, we formulate a new algorithm for
the approximate solution values of coupled mildly non-linear
elliptic boundary value problems in two-space dimensions. The
method is obtained on a non-uniformly spaced mesh points in
such a manner that fourth-order accuracy of the scheme is a
particular case of third-order method. The special nine-point
discretization makes it easier to solve and applicable to the
problems possessing layer behaviour. Applications to stationary
Navier-Stokes equation and biharmonic equations have been
given to illustrate the efficiency and robustness of the scheme.

I. INTRODUCTION

We consider the two-space dimensional coupled mildly non-
linear elliptic boundary value problems (EBVPs) with first
order partial derivatives as non-linear term:{

∆F (x, y) ≡ F xx + F yy = Φ(x, y, F,G, F x, Gx, F y, Gy),

∆G(x, y) ≡ Gxx +Gyy = Ψ(x, y, F,G, F x, Gx, F y, Gy),
(I.1)

where ∆ is a two-space dimensional Laplacian operator in
Cartesian coordinate, (x, y) ∈ Ω = (0, 1) × (0, 1) and the
associated Dirichlet’s boundary values of second kind are
specified for 0 ≤ x ≤ 1, 0 ≤ y ≤ 1 as{
F (x, 0) = p1, F (x, 1) = p2, G(x, 0) = p3, G(x, 1) = p4,

F (0, y) = q1, F (1, y) = q2, G(0, y) = q3, G(1, y) = q4,
(I.2)

and pi = pi(x), qi = qi(y), i = 1(1)4 are known smooth
functions. The notation F x stands for ∂F (x, y)/∂x etc.

Coupled system of mildly non-linear elliptic partial dif-
ferential equations (EPDEs) appears in the application ar-
eas of fluid flow, elasticity, chemical reaction, graphics de-
sign and mathematical biology [10], [19], [1], [7], [20].
Various techniques for determining numerical solution val-
ues of coupled EPDEs have been considered in the past,
because of non availability of the theoretical solutions to
the arbitrary choice of Φ(x, y, F,G, F x, Gx, F y, Gy) and/or
Ψ(x, y, F,G, F x, Gx, F y, Gy). Therefore, it is worthwhile to
develop an efficient and numerically accurate algorithm for
the coupled mildly non-linear elliptic equations. With the
wide range of applications, we mention some of the literature
in the context of approximate solution method to coupled
EPDEs. Rigal [17], discussed solution of Navier-Stokes and

biharmonic equations in the form of coupled elliptic equa-
tions using successive-over-ralaxation method. Watanabe [22],
discussed fixed-point method for the steady-state reaction-
diffusion coupled EPDEs appearing in biological sciences. The
method of lower and upper solution values and monotone
iterative sequence for coupled semi-linear EPDEs has been
developed by Boglaev [2]. A finite difference approximations
(FDA) has been formulated to solve biharmonic equation using
coupled EPDEs by Mohanty [13], [14] and the convergence
property of coupled elliptic equations using FDA has been
elaborated by Pao [15].

In this paper, we have acquired a new nine-point compact
scheme based on sequence of exponential expanding meshes
and finite difference discretization. Such kind of mesh network
has been considered in digital simulation of electrochemistry
[3] and axis symmetric incompressible flow of fluid [6]. We
have defined two compact operators in X- and Y -directions
based on central and averaging operators and received a new
scheme which provides in general a third-order of truncation
error. The application of the proposed schemes has been
described by solving stationary Navier-Stokes fluid flow prob-
lems and biharmonic equations in two-space dimensions.

II. EXPONENTIAL EXPANDING MESHES (EEM) AND
COMPACT OPERATORS

The two-dimensional closed domain Ω∪∂Ω = [0, 1]× [0, 1]
is discretized as {0 = x0 < x1 < ... < xL+1 =
1} ⊗ {0 = y0 < y1 < ... < yM+1 = 1}, with non-
equidistant mesh spacing defined by hl = xl − xl−1, km =
ym − ym−1, l = 1(1)L + 1,m = 1(1)M + 1, the mesh-ratio
parameter ξl,m = km/hl and the subsequent step sizes
are hl+1 = αhl, km+1 = βkm, l = 1(1)L,m = 1(1)M ,
where L,M are positive integers and α, β are exponential
expanding mesh parameters in X- and Y -directions
respectively. Thus, the first mesh spacing in X-direction
can be calculated by the formula h1 + ... + hL+1 = 1,
which gives h1 = (α − 1)/(αL+1 − 1), if α > 1 and
h1 = (1 − α)/(1 − αL+1), if α < 1. When α = 1, it is a
constant mesh spacing and hl = 1/(L+ 1), l = 1(1)L+ 1. In
a similar manner, we can obtain k1 = (β − 1)/(βM+1 − 1),
if β > 1, k1 = (1 − β)/(1 − βM+1), if β < 1 and
km = 1/(M + 1),m = 1(1)M + 1 if β = 1.
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The numerical solution of (I.1) by means of finite difference
method (FDM) requires discretization of first- and second-
order partial derivatives, thus we need to define the following
operators:

AxFl,m = α−1(1 + α)−1Fl+1,m + (1− α−1)Fl,m

− α(1 + α)−1Fl−1,m,
(II.1)

BxFl,m = 2α−1(1 + α)−1Fl+1,m − 2α−1Fl,m

+ 2(1 + α)−1Fl−1,m,
(II.2)

AyFl,m = β−1(1 + β)−1Fl,m+1 + (1− β−1)Fl,m

− β(1 + β)−1Fl,m−1,
(II.3)

ByFl,m = 2β−1(1 + β)−1Fl,m+1 − 2β−1Fl,m

+ 2(1 + β)−1Fl,m−1,
(II.4)

where Fl,m = F (xl, ym), Fl+1,m = F (xl + αhl, ym),
Fl−1,m = F (xl − hl, ym), etc.

With the help of finite series expansion, it is easy to
observed that

AxFl,m = hlF
x
l,m +O(h3

l ), BxFl,m = h2
l F

xx
l,m +O(h3

l ),

AyFl,m = kmF
y
l,m +O(k3

m), ByFl,m = k2
mF

yy
l,m +O(k3

m),

In a similar manner, it is possible to obtain mixed derivatives
in terms of composite compact operators.

Following the technique of Mohanty [12], discussed for
uniform mesh spacing, the exponential expanding mesh
finite difference method (EEM-FDM) for the system of
non-homogeneous Poisson’s equation{

∆F = Φ(x, y)

∆G = Ψ(x, y)
(II.5)

is given by{
∆hl,kmFl,m = 2h2

l k
2
m

∑
(p,q)∈H ep,qΦp,q + Tl,m,

∆hl,kmGl,m = 2h2
l k

2
m

∑
(p,q)∈H ep,qΨp,q + Tl,m,

(II.6)
where

∆hl,km = 3h2
l [12− 4(1− α)Ax + (1− α+ α2)Bx]By

+ 3k2
m[12− 4(1− β)Ay + (1− β + β2)By]Bx

(II.7)

is the non-uniform mesh discretization of the Laplacian oper-
ator ∆ = ∂xx + ∂yy and

Tl,m =

{
O(h2

l k
5
m + h3

l k
4
m + h4

l k
3
m + h5

l k
2
m), α 6= 1, β 6= 1

O(h2
l k

6
m + h4

l k
4
m + h6

l k
2
m), α = 1, β = 1

(II.8)

is the seventh(eight) order local truncation error (LTE) and

el,m = [(1 + α2)(2− β + 2β2)− α(1− 8β + β2)]/[αβ],

el+1,m = [3α2β − (1− α)(2− β + 2β2)]/[(1 + α)αβ],

el−1,m = [3β + α(1− α)(2− β + 2β2)]/[(1 + α)β],

el,m+1 = [α(1− β + 3β2)− 2(1− β)(1 + α2)]/[αβ(1 + β)],

el,m−1 = [α(3− β + β2) + 2β(1− β)(1 + α2)]/[α(1 + β)],

el+1,m+1 = [2(1− α)(1− β)]/[αβ(1 + α)(1 + β)],

el+1,m−1 = −β2el+1,m+1, el−1,m+1 = −α2el+1,m+1,

el−1,m−1 = α2β2el+1,m+1.

are coefficients on the nine stencils. The summations in
equation (II.6) runs over the set H = {l+ 1, l, l− 1}⊗ {m+
1,m,m− 1}.

III. EEM-FINITE DIFFERENCE METHOD FOR MILDLY
NON-LINEAR EBVPS

In this section, we present the method for solving coupled
equation (I.1) that includes first-order partial derivatives as a
non-linear term. We define F̂ xl,m+η

F̂ xl+1,m+η

F̂ xl−1,m+η

 =
1

hl
M(α)

Fl+1,m+η

Fl,m+n

Fl−1,m−η

 ,
 F̂ yl+η,m
F̂ yl+η,m+1

F̂ yl+η,m−1

 =
1

km
M(β)

Fl+η,m+1

Fl+η,m
Fl+η,m−1

 ,
(III.1)

and  Ĝxl,m+η

Ĝxl+1,m+η

Ĝxl−1,m+η

 =
1

hl
M(α)

Gl+1,m+η

Gl,m+n

Gl−1,m−η

 ,
 Ĝyl+η,m
Ĝyl+η,m+1

Ĝyl+η,m−1

 =
1

km
M(β)

Gl+η,m+1

Gl+η,m
Gl+η,m−1

 ,
(III.2)

where η = 0,±1 and for θ = α, β,

M(θ) =
1

θ(1 + θ)

 1 −1 + θ2 −θ2

1 + 2θ −(1 + θ)2 θ2

−1 (1 + θ)2 −θ(2 + θ)

 .
For (p, q) ∈ H v {(l,m)}, we construct the functional
approximations{

Φ̂p,q = Φ(xp, yq, Fp,q, Gp,q, F̂
x
p,q, Ĝ

x
p,q, F̂

y
p,q, Ĝ

y
p,q)

Ψ̂p,q = Ψ(xp, yq, Fp,q, Gp,q, F̂
x
p,q, Ĝ

x
p,q, F̂

y
p,q, Ĝ

y
p,q).

(III.3)
With the help of equations (III.1) and (III.2), the multi-
dimensional Taylor’s expansion to the functionals (III.3) yieldsΦ̂l±1,m−1

Φ̂l±1,m

Φ̂l±1,m+1

 =

Φl±1,m−1

Φl±1,m

Φl±1,m+1

−1

6
M±P+

O(h3
l )

O(h3
l )

O(h3
l )

 , (III.4)

[
Φ̂l,m−1

Φ̂l,m+1

]
=

[
Φl,m−1

Φl,m+1

]
+

1

6
M0P +

[
O(h3

l )
O(h3

l )

]
, (III.5)
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Ψ̂l±1,m−1

Ψ̂l±1,m

Ψ̂l±1,m+1

 =

Ψl±1,m−1

Ψl±1,m

Ψl±1,m+1

− 1

6
M±Q+

O(h3
l )

O(h3
l )

O(h3
l )

 ,
(III.6)[

Ψ̂l,m−1

Ψ̂l,m+1

]
=

[
Ψl,m−1

Ψl,m+1

]
+

1

6
M0Q+

[
O(h3

l )
O(h3

l )

]
, (III.7)

where, for (p, q) ∈ H ,{
Φp,q = Φ(xp, yq, Fp,q, Gp,q, F

x
p,q, G

x
p,q, F

y
p,q, G

y
p,q)

Ψp,q = Ψ(xp, yq, Fp,q, Gp,q, F
x
p,q, G

x
p,q, F

y
p,q, G

y
p,q),

M+ =

α(1 + α) 1 + β
α(1 + α) −β
α(1 + α) β(1 + β)

 ,M− =

1 + α 1 + β
1 + α −β
1 + α β(1 + β)

 ,
M0 =

[
α −(1 + β)
α −β(1 + β)

]
and

P =

 h2
l

((
∂Φ
∂F

)
F xxx +

(
∂Φ
∂G

)
Gxxx

)
k2
m

((
∂Φ
∂Fx

)
F yyy +

(
∂Φ
∂Gx

)
Gyyy

)
 ,

Q =

 h2
l

((
∂Ψ
∂F

)
F xxx +

(
∂Ψ
∂G

)
Gxxx

)
k2
m

((
∂Ψ
∂Fx

)
F yyy +

(
∂Ψ
∂Gx

)
Gyyy

)


are 2×1 matrices computed at the central mesh point (xl, ym).

We need to construct additional approximations of first-
order partial derivatives in X- and Y -directions with the help
of functional approximations (III.4)-(III.7) and approximations
of second-order derivatives. Thus, we define

F̂ xxl,m±1 = 2[Fl+1,m±1 − (α+ 1)Fl,m±1

+ αFl−1,m±1]/[α(α+ 1)h2
l ],

(III.8)

Ĝxxl,m±1 = 2[Gl+1,m±1 − (α+ 1)Gl,m±1

+ αGl−1,m±1]/[α(α+ 1)h2
l ],

(III.9)

F̂ yyl±1,m = 2[Fl±1,m+1 − (β + 1)Fl±1,m

+ βFl±1,m−1]/[β(β + 1)k2
m],

(III.10)

Ĝyyl±1,m = 2[Gl±1,m+1 − (β + 1)Gl±1,m

+ βGl±1,m−1]/[β(β + 1)k2
m],

(III.11)

F̃ xl,m = F̂ xl,m + σhl(Φ̂l+1,m − Φ̂l−1,m − F̂ yyl+1,m + F̂ yyl−1,m),
(III.12)

G̃xl,m = Ĝxl,m + σhl(Ψ̂l+1,m − Ψ̂l−1,m − Ĝyyl+1,m + Ĝyyl−1,m),
(III.13)

F̃ yl,m = F̂ yl,m + ρkm(Φ̂l,m+1 − Φ̂l,m−1 − F̂ xxl,m+1 + F̂ xxl,m−1),
(III.14)

G̃yl,m = Ĝyl,m + ρkm(Ψ̂l,m+1 − Ψ̂l,m−1 − Ĝxxl,m+1 + Ĝxxl,m−1),
(III.15)

where σ and ρ are free parameters to be obtained in such a
way that the LTE of the final scheme tally with the pattern
(II.8) in terms of order and accuracy.

Therefore, with the help of equations (III.8)-(III.15), the
new functionals defined at the central mesh-point (xl, ym):{

Φ̂l,m = Φ(xl, ym, Fl,m, Gl,m, F̃
x
l,m, G̃

x
l,m, F̃

y
l,m, G̃

y
l,m),

Ψ̂l,m = Ψ(xl, ym, Fl,m, Gl,m, F̃
x
l,m, G̃

x
l,m, F̃

y
l,m, G̃

y
l,m),

(III.16)
for the following values

σ = αβ(1 + α+ α2)/[2(1 + α){α(1− 8β + β2)

− (1 + α2)(2− β + 2β2)}],
ρ = αβ(1 + β + β2)/[2(1 + β){α(1− 8β + β2)

− (1 + α2)(2− β + 2β2)}],

gives rise to the following equations[
Φ̂l,m
Ψ̂l,m

]
=

1

6

[
h2
l (σρ(1 + α) + α) k2

m(σρ(1 + β) + β)
]
E

+

[
Φl,m
Ψl,m

]
+

[
O(h3

l )
O(h3

l )

]
,

(III.17)

where

E =

 ∂Φ
∂F F

xxx + ∂Φ
∂GG

xxx ∂Ψ
∂F F

xxx + ∂Ψ
∂GG

xxx

∂Φ
∂FxF

yyy + ∂Φ
∂FyG

yyy ∂Ψ
∂FxF

yyy + ∂Ψ
∂GyG

yyy


(xl,ym)

.

With the help of equations (II.6), (III.3) and (III.16), a new
nine-point compact EEM-FDM for the numerical solution of
coupled EBVPs (I.1) is given by the system of difference
equations for l = 1(1)L,m = 1(1)M as{

∆hl,kmFl,m = 2h2
l k

2
m

∑
(p,q)∈H ep,qΦ̂p,q + Tl,m,

∆hl,kmGl,m = 2h2
l k

2
m

∑
(p,q)∈H ep,qΨ̂p,q + Tl,m,

(III.18)
The scheme (III.18) is third-order accurate for α 6= 1, β 6= 1,
and turn into fourth-order of accuracy for α = β = 1. For
the numerical implementations, the system of equation (III.18)
must be combined with the boundary values defined in (I.2).

Now, we shall discuss the method for solving system of
equation (III.18). Let F = [F11, .., FL1, .., F1M , .., FLM ]T ,
G = [G11, .., GL1, .., G1M , .., GLM ]T , then the system of
equation (III.18) in matrix-vector notation can be written as{

R(F ,G) = 0

S(F ,G) = 0
(III.19)

Assume that (F (I),G(I)) is an initial approximation to the
exact solution values (F (I) +δF ,G(I) +δG). Then, we have{

R(F (I) + δF ,G(I) + δG) = 0

S(F (I) + δF ,G(I) + δG) = 0
(III.20)
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The multi-dimensional truncated Taylor series expansion about
(F (I),G(I)) gives us

R(F (I),G(I)) + δF

(
∂R

∂F

)
(F (I),G(I))

+δG

(
∂R

∂G

)
(F (I),G(I))

= 0,

S(F (I),G(I)) + δF

(
∂S

∂F

)
(F (I),G(I))

+δG

(
∂S

∂G

)
(F (I),G(I))

= 0,

(III.21)

Solving equation (III.21) for δF and δG, we get

[
δF
δG

]
= −D−1 ·


R
∂S

∂G
− S ∂R

∂G

S
∂R

∂F
−R ∂S

∂F


(F (I),G(I))

where D =


∂R

∂F

∂R

∂G

∂S

∂F

∂S

∂G


(F (I),G(I))

is the Jacobian of the function R(F ,G) and S(F ,G).

Thus, an improved approximation of the solution values
(F (I+1),G(I+1)) is given by[

F (I+1)

G(I+1)

]
=

[
F (I)

G(I)

]
+

[
δF
δG

]
, I = 0, 1, 2, ... (III.22)

This system of equation can be solved by Newton-iterative
procedure and converges, if the initial vector (F (0),G(0)) is
sufficiently close to the solution values [8], [18].

TABLE 1A
FOURTH-ORDER ACCURACY TO THE SOLUTION OF EQUATION (IV.2)

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 1.00 1.00 26 3.39e-04 2.45e-04 — —
8 1.00 1.00 83 2.24e-05 1.33e-05 3.9 4.2
16 1.00 1.00 241 1.40e-06 7.79e-07 4.0 4.1
32 1.00 1.00 601 8.81e-08 4.71e-08 4.0 4.0

TABLE 1B
THIRD-ORDER ACCURACY TO THE SOLUTION OF EQUATION (IV.2)

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 0.83 1.15 26 3.79e-04 1.95e-04 — —
8 0.91 1.08 81 2.57e-05 1.20e-05 3.9 4.0
16 0.96 1.03 234 1.38e-06 6.42e-07 4.2 4.2
32 0.99 1.00 556 5.10e-08 2.78e-08 4.8 4.5

IV. APPLICATION TO BIHARMONIC EQUATION

The two-space dimensional biharmonic equations are used
to discuss deflection of plates and stokes flow of fluids [5],
[9], [11]. The biharmonic equation of second kind considered
here is

∆2F (x, y) = Ψ(x, y), (x, y) ∈ Ω (IV.1)

TABLE 2A
SECOND-ORDER ACCURACY TO THE SOLUTION OF EQUATION (IV.2)

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 1.00 1.00 33 4.95e-03 3.43e-03 — —
8 1.00 1.00 123 1.39e-03 8.22e-04 1.8 2.1

16 1.00 1.00 426 3.67e-04 1.97e-04 1.9 2.1
32 1.00 1.00 1417 9.23e-05 4.79e-05 2.0 2.0

TABLE 2B
FIRST-ORDER ACCURACY TO THE SOLUTION OF EQUATION (IV.2)

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 0.94 0.93 29 4.22e-04 2.37e-04 — —
8 0.98 0.97 116 4.16e-04 2.44e-04 0.02 0.04
16 0.99 0.98 378 6.64e-05 3.38e-05 2.6 2.9
32 1.00 0.99 1333 4.25e-05 2.19e-05 0.6 0.6

where Ψ(x, y) = exy[(x−1)2 +(y+1)2][(x+1)2 +(y−1)2].
In a coupled manner, we can represent equation (IV.1) as{

∆F (x, y) = G(x, y)

∆G(x, y) = Ψ(x, y), (x, y) ∈ Ω
(IV.2)

The associated Dirichlet’s boundary values along all the four
boundary lines of Ω are obtained from the analytical solution
values F (x, y) = exy as a test function.

Initially, we solve the system of equation (IV.2) using the
difference operators defined by the equations (II.1)-(II.4). An
immediate EEM-FDM for (IV.2) are given by{

k2
mBxFl,m + h2

lByFl,m = h2
l k

2
mGl,m

k2
mBxGl,m + h2

lByGl,m = h2
l k

2
mΨl,m.

(IV.3)

The truncation error of the discretization scheme (IV.3) is cal-
culated as O(hl+km), if α 6= 1∨β 6= 1 and O(h2

l +hlkm+k2
m)

if α = 1 ∧ β = 1 respectively. Thus, we have only first
order scheme in case of exponential expanding meshes and
second order scheme for constant meshes spacing. Therefore,
we have a set of first, second order compact scheme (IV.3) and
third, fourth-order compact schemes (III.18). To test the benefit
of proposed schemes, we have computed root mean squared
error (L2) of the analytical solution values (Fl,m, Gl,m) and
numerical solution values (fl,m, gl,m) using the metrics

LF2 =

√√√√ 1

LM

L∑
l=1

M∑
m=1

|εl,m|2,LG2 =

√√√√ 1

LM

L∑
l=1

M∑
m=1

|µl,m|2,

ΘF
2 = log2

[
(2L+ 1)(2M + 1)

LM

∑L
l=1

∑M
m=1 |εl,m|2∑2L+1

l=1

∑2M+1
m=1 |εl,m|2

]1/2

,

ΘG
2 = log2

[
(2L+ 1)(2M + 1)

LM

∑L
l=1

∑M
m=1 |µl,m|2∑2L+1

l=1

∑2M+1
m=1 |µl,m|2

]1/2

where εl,m = Fl,m − fl,m and µl,m = Gl,m − gl,m are the
point-wise errors.

We have used Gauss-Seidel method to solve the system
of equations (IV.3) with zero initial data and iterations is
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discontinued after achieving max|F (I+1)
l,m − F

(I)
l,m| ≤ 10−12

and max|G(I+1)
l,m − G(I)

l,m| ≤ 10−12, where I is the iterative
count. For simplicity, we have taken L = M in all the
computational results. Table 1A-1B and Table 2A-2B shows
the LF2 and LG2 along with iterative count using the methods
(III.18) and (IV.3) respectively.

It is natural to observe that high order (third/fourth)
scheme (Table 1A-1B) is superior than (first/second) order
scheme (Table 2A-2B) in terms of L2-norm. Comparing Table
1A-1B and Table 2A-2B, the iteration count is minimum
in case of third-order EEM-FDM compared to first order
exponential meshes and second, fourth-order uniform meshes
FDM schemes.

TABLE 3A
ACCURACIES OF SOLUTION VALUES OF EQUATION (V.1) AT λ = 0.02

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 1.00 1.00 21 9.44e-04 5.08e-04 — —
8 1.00 1.00 23 1.21e-04 4.23e-05 3.0 3.6
16 1.00 1.00 40 9.33e-06 2.60e-06 3.7 4.0
32 1.00 1.00 100 5.93e-07 1.55e-07 4.0 4.1

TABLE 3B
ACCURACIES OF SOLUTION VALUES OF EQUATION (V.1) AT λ = 0.02

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 0.70 1.10 15 5.11e-04 2.82e-04 — —
8 0.83 1.02 19 6.78e-05 2.71e-05 2.9 3.4

16 0.91 1.01 39 7.65e-06 2.18e-06 3.1 3.6
32 0.95 1.00 97 8.24e-07 1.60e-07 3.2 3.8

TABLE 4A
ACCURACIES OF SOLUTION OF EQUATION (V.3), Φ(y) = − cos(y)

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 1.00 1.00 23 9.23e-05 6.22e-05 — —
8 1.00 1.00 67 2.33e-05 1.20e-05 2.0 2.4
16 1.00 1.00 137 2.83e-06 1.19e-06 3.0 3.3
32 1.00 1.00 156 2.13e-07 7.93e-08 3.7 3.9

TABLE 4B
ACCURACIES OF SOLUTION OF EQUATION (V.3), Φ(y) = − cos(y)

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 1.59 1.06 19 4.01e-05 2.18e-05 — —
8 1.49 1.06 40 8.96e-06 4.24e-06 2.2 2.4

16 1.48 1.03 60 6.90e-07 2.55e-07 3.7 4.1
32 1.30 1.01 65 8.21e-08 1.41e-08 3.1 4.2

V. APPLICATION TO NAVIER-STOKES EQUATIONS

In this section, the proposed EEM-FDM is applied to solve
two-space dimensional stationary Navier-Stokes equation for
viscous incompressible fluid [21]. Let us define the stream
function W (x, y) by the formula F (x, y) = ∂W/∂y and
G(x, y) = −∂W/∂x, then the equation of fluid motion

W y(∆W )x −W x(∆W )y = λ∆2W, (x, y) ∈ Ω (V.1)

TABLE 5A
ACCURACIES OF SOLUTION OF EQUATION (V.3), Φ(y) = ey + e−y

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 1.00 1.00 23 5.70e-05 4.02e-05 — —
8 1.00 1.00 67 1.41e-05 8.46e-06 2.0 2.2
16 1.00 1.00 144 2.00e-06 1.06e-06 2.8 3.0
32 1.00 1.00 189 1.56e-07 7.81e-08 3.7 3.8

TABLE 5B
ACCURACIES OF SOLUTION OF EQUATION (V.3), Φ(y) = ey + e−y

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 1.14 0.97 22 2.91e-05 1.96e-05 — —
8 1.09 0.97 65 8.40e-06 3.08e-06 1.8 2.7
16 1.03 0.98 111 1.90e-06 6.78e-07 2.1 2.2
32 1.03 0.99 115 1.23e-07 4.56e-08 3.9 3.9

is equivalent to the coupled system of equation
λ∆F = FF x +GF y,

λ∆G = FGx +GGy − 2e−2y,

F x +Gy = 0, (x, y) ∈ Ω

(V.2)

In order to test the computational convergence order and
accuracies of solution values, we have taken F (x, y) =
−[sin(x) + cos(x)]e−y and G(x, y) = [sin(x) − cos(x)]e−y ,
so that W (x, y) = [sin(x) + cos(x)]e−y satisfy the equation
(5.1). The Dirichlet’s boundary values on F (x, y) and G(x, y)
along four boundary lines of Ω can be obtained from the
analytical solutions as a test procedure. The accuracies of
solution values at λ = 0.02 both in case of third- and
fourth-order method are enumerated in Table 3A-3B.

Next, consider the Navier-Stokes equation appearing in
plane flow of a viscous incompressible fluid subjected to the
transverse forces [16],

λ∆2F = F y(∆F )x − F x(∆F )y − Φ(y) (V.3)

where F (x, y) is stream function.
If ∆F = G, then

λ∆G = F yGx − F xGy − Φ(y) (V.4)

We discuss the numerical solution for Φ(y) = − cos(y) with
the analytic solution values F (x, y) = (1 + λ2)−1[sin(y) +
λ cos(y)] − x + y, and Φ(y) = ey + e−y with the analytic
solution values F (x, y) = e−x + (1 − λ)−1e−y − (1 +
λ)−1ey + x − λy. Table 4A-4B and Table 5A-5B represents
the accuracies and computational order of convergence both
in case of third and fourth-order FDM for λ = 0.01.

As a last example, we consider stationary Navier-Stokes
equations describing the motion of a viscous incompressible
fluid induced by two parallel disks, moving towards each other
[4]. The governing equation is given by

(F y+τx)(∆F )x−(F x−τy)(∆F )y+2τ∆F = λ∆2F, (V.5)

Introducing ∆F = G, gives us

λ∆G = (F y+τx)Gx−(F x−τy)Gy+2τG, (x, y) ∈ Ω (V.6)
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TABLE 6A
ACCURACIES OF SOLUTION OF EQUATION (V.5) AT τ = −1

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 1.00 1.00 46 5.42e-02 3.16e-02 — —
8 1.00 1.00 160 3.43e-03 1.75e-03 4.0 4.2

16 1.00 1.00 492 2.21e-04 1.02e-04 4.0 4.1
32 1.00 1.00 1328 1.38e-05 6.20e-06 4.0 4.0

TABLE 6B
ACCURACIES OF SOLUTION OF EQUATION (V.5) AT τ = −1

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 0.68 1.00 43 1.96e-02 1.00e-02 — —
8 0.84 1.00 141 1.26e-03 5.79e-04 4.0 4.1
16 0.92 1.00 414 8.31e-05 3.52e-05 3.9 4.0
32 0.95 1.00 863 3.89e-06 1.55e-06 4.4 4.5

The theoretical solution values are given by

F (x, y) =

{
x[τy + e−2y

√
τ/λ + e2y

√
τ/λ], τ > 0

x[τy + cos(2y
√
−τ/λ) + sin(2y

√
−τ/λ)], τ < 0

Table 6A-6B and Table 7A-7B represent the accuracies of
solution values for τ = −1 and τ = 1 respectively for
λ = 0.25. In all the tabulated values, the exponential ex-
panding mesh parameters α and β tends towards unity with
diminution in mesh spacing. The root mean squared errors in
case of EEM-FDM is less than that computed with constant
mesh-FDM. Moreover, the iteration count and consequently
the computing time is also less, if we apply third-order EEM-
FDM. The experiments of Navier-Stokes equations in each
cases discussed above with first(second) order compact scheme
gives rise to unstable results and therefore not mentioned as a
tabular values.

VI. CONCLUSION

In this article, we have developed a class of first, second,
third and fourth-order accurate compact schemes for the
numerical solution values of mildly non-linear EBVPs. The
first and third-order methods are based on a non-uniform mesh
network while second and fourth-order schemes are based on
uniform mesh spacing. It is expected that higher (four) order

TABLE 7A
ACCURACIES OF SOLUTION OF EQUATION (V.5) AT τ = 1

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 1.00 1.00 27 3.40e-01 1.95e-01 — —
8 1.00 1.00 62 2.17e-02 1.15e-02 4.0 4.1
16 1.00 1.00 188 1.42e-03 6.93e-04 3.9 4.1
32 1.00 1.00 555 9.05e-05 4.23e-05 4.0 4.0

TABLE 7B
ACCURACIES OF SOLUTION OF EQUATION (V.5) AT τ = 1

L+ 1 α β I LF2 LG2 ΘF
2 ΘG

2
4 1.00 0.92 25 2.81e-02 1.61e-02 — —
8 1.00 0.96 58 3.09e-03 1.25e-03 3.2 3.7
16 1.00 0.98 152 1.99e-04 7.91e-05 4.0 4.0
32 1.00 0.99 376 1.26e-05 4.90e-06 4.0 4.0

method dipicts better results but due to layer behaviour, it
has been shown that third-order EEM-FDM is more efficient
both in terms of solution error and computational efficiency.
The proposed method can be easily extended to the system of
mildly non-linear hyperbolic and parabolic partial differential
equations.
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Abstract—A multiple delayed model of HIV infection has been
proposed in this paper. The first delay explains the time for
an uninfected cell to become infected. This delay is termed as
intracellular delay. The second delay known as the immunological
delay describes the immune activation time. The basic reproduc-
tion number for the model has been given and the local stability
analysis has been performed. The inclusion of the viral loss term,
that is the loss of virus due to the bursting of the infected cells
has also been included.

I. INTRODUCTION

With the advances in mathematical modeling, a greater
understanding of the characteristics of various disease and
biological phenomena has been possible. This comprehen-
sive understanding has enabled people to formulate various
model governing the interactions between different biological
components, and thus generate computer simulations to fur-
ther understand the mechanism governing these interactions.
Mathematical study of the epidemiology of various diseases
provides an insight into its dynamics, and thus helps to propose
strategies to control its spread.

Human immunodeficiency virus (HIV-1) is a retrovirus that
causes acquired immunodeficiency syndrome (AIDS). HIV
virus affects the CD4+ T cells of the human body. It replicates
itself in the tissues and cells of the body. As soon as the body
is infected by these viruses, the immune response of the body
is activated. It has been observed that CTLs are the principal
host immune agents which restrict viral duplication in vivo
and thus, regulate the viral load [1], [2].

The HIV infected patients are treated with different kinds
of drugs. Reverse Transcriptase Inhibitor(RTI) and Protease
Inhibitor(PI) are the two very important and common drugs
being used. The function of RTI is to block the function of
the reverse trasciptase and thus prevent the conversion of viral
RNA to DNA. Protease inhibitor on the other hand counters
viral replication. Thus inhibiting viral reproduction. These
drugs together form the therapy called Highly Active Anti
Retro-Viral Therapy(HAART). In HAART both the drugs are
administered together to enhance the effect on HIV virus and
maintain its load at a minimum level. Mathematical modeling
has played an important role in understanding the dynamics
of HIV infection [2]–[8]. In recent times models with drug
therapy have gained prominence and are being developed [9]–
[12]. A major drawback of the previous models is, that most
of the models ignored the effect of delays on the system.

Herz et. al [13] proposed the first delayed model of HIV
infection to account for the time lag between entry of the
virus to viral production termed as intracellular delay. Various
other models have been proposed since then [14]–[19]. The
delay in the generation of immune response is termed as
immunological delay. This delay has been discussed in many
papers [19]–[22]. However only some authors have considered
the effect of multiple delays on the system [20], [23]–[26]. The
incorporation of multiple delays generates a better dynamics
of the disease. However the analysis of such models is much
complex and cumbersome. A drawback of the previous studies
is the ignorance of viral loss in the course of infection. It
was argued that loss of the virus was minuscule and can be
included into the virus removal term [27]. However Heffernan
et al [28], [29] concluded that this loss has a major role in
determining the covariance between helper T cells and viral
load. In the paper by Wang et al [30] they have concluded that
viral waning term affects the reproduction number as well as
the infected equilibrium points, thus affecting the overall viral
dynamics of the system. This paper takes into account the loss
of uninfected T cells, loss of viruses, CTL immune response
and also includes the intracellular and immunological delays.
The model has been made more practical by incorporating
combined drug therapy in the system. The organization of the
paper is follows. In section 2 the proposed model has been
discussed. Section 3 deals with equilibrium states and thresh-
old dynamics of the system. Section 4 deals with positivity
and boundedness of the model. Local stability analysis have
been discussed in section 5. The numerical simulation has been
discussed in section 7 followed by conclusion and discussion
in section 8.

II. MODEL

In this paper a four dimensional model with anti-retroviral
therapy, multiple delays and viral loss term has been proposed.

x′1(t) = s− dx1(t)− b(1− εr)x1(t)x3(t)− kx1(t)x3(t)

x1(t) +B

x′2(t) = b(1− εr)x1(t− τ1)x3(t− τ1)− δx2(t)− d1x4(t)x2(t)

x′3(t) = Nδ(1− εp)x2(t)− cx3(t)− ηbx3(t)x1(t)

x4(t) = px2(t− τ2)x4(t− τ2)− d2x4(t).
(1)

This model deals with uninfected T cells (x1), infected T
cells (x2), viruses (x3) and CTL immune response cells (x4).
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The intracellular delay (τ1) and immunological delay (τ2)
have also been included in the model. The descriptions of
various parameters has been given in Table I.

The initial conditions of (1) are as follows:

x1(θ) = ξ1(θ), x2(θ) = ξ2(θ), x3(θ) = ξ3(θ), x4(θ) = ξ4(θ),
(2)

θ ∈ [−τ, 0],where φ = (φ1, φ2, φ3, φ4) ∈ C([−τ, 0], R4
+)

with ξi(0) > 0, (θ ∈ [−τ, 0], i = 1, 2, 3, 4) .

III. EQUILIBRIUM STATES AND THRESHOLD DYNAMICS

The system (1) is analyzed by determining its steady states.
There exists two steady states of the given system (1). The
infection free steady state I0 and the infected steady state I1.

I0 =(x01, 0, 0, 0) =
( s
d
, 0, 0, 0

)
I1 =(x∗1, x

∗
2, x
∗
3, x
∗
4) where

x∗2 =
d2
p
, x∗3 =

Nεpδd2
p(c+ bx∗1η)

x∗4 =
x∗1(bNδεrεp − bδη)− cδ

(c+ bx∗1η)d1

(3)

the value of x∗1 can be calculated from the following cubic
equation

x∗31 bdpη + x∗21 (cdp− bBdpη − bpsη + bNεpεrδd2)

+x∗1(Bcdp− cps− bBpsη + kNεpδd2 − bBNεpεrδd2)

−Bcps = 0

As the steady state values are positive, so from Eq (3) it is clear
that x∗1 > c/(bNεrεp − bη), also x∗1 < s/d. Thus, using these
two relations, a required conditions for the steady states to
exist is c/(bNεrεp−bη) < s/d. Analogously, the reproduction
number R0 > 1, where

R0 =
s(bN(1− εr)(1− εp)− bη)

cd

IV. POSITIVITY AND BOUNDEDNESS

Theorem 4.1: Suppose X(t, φ) is the solution of the system
(1) with initial conditions given by (2). Then X(t, φ) is
nonnegative and ultimately bounded.

A. Stability of I0
This section is concerned with the local stability analysis of

the equilibrium I0. For the sake of simplicity 1− εr = ε′r and
1− εp = ε′p unless stated otherwise in the following section.

Theorem 4.2: If R0 < 1 then infection free equilibrium I0
is locally asymptotically stable and unstable if R0 > 1.

Proof: The characteristic equation at I0 is given by

(d+ λ)(d2 + λ)

(
λ2 + λ

(
c+ δ +

bsη

d

)
+cδ −

bNsε′pε
′
rδe
−λτ1

d
+
bsδη

d

)
= 0

(4)

Clearly (4) has two negative roots −d and d2. The remaining
two roots are determined from the transcendental equation

λ2+λ

(
c+ δ +

bsη

d

)
+cδ+

bsδη

d
−
bNsε′pε

′
rδe
−λτ1

d
= 0 (5)

When τ1 = 0, (5) reduces to an algebraic equation

λ2 + λ

(
c+ δ +

bsη

d

)
+ cδ(1−R0) = 0 (6)

If R0 < 1, then clearly (6) has two negative real roots. And
so I0 is asymptotically stable for τ1 = 0.
Let λ = iω, ω > 0 be root of (4), separating real and
imaginary parts, it follows that

cδ +
bsηδ

d
− ω2 =

bNsε′pε
′
rδ

d
cos(ωτ1)(

c+ δ +
bsη

d

)
ω =−

bNsε′pε
′
rδ

d
sin(ωτ1)

(7)

Squaring and adding the two equations of (7)

ω4 +

(
b2s2η2

d2
+

2cbsη

d
+ δ2 + c2

)
ω2

+ c2δ2

(
1−

b2N2s2ε′2p ε
′2
r

c2d2
+

2bsη

cd
+
b2s2η2

c2d2

)
= 0

(8)

If R0 < 1, then
(

1− b2N2s2ε′2p ε
′2
r

c2d2 + 2bsη
cd + b2s2η2

c2d2

)
> 0. Thus

(8) has no positive roots. So there does not exist any root of (8)
which can cross the imaginary axis as τ1 increases. Hence it
is concluded that I0 is locally asymptotically stable for τ1 ≥ 0
if R0 < 1. Now consider the case for R0 > 1. Then from (5),
let

f(λ) = λ2+λ

(
c+ δ +

bsη

d

)
+cδ+

bsδη

d
−
bNsε′pε

′
rδe
−λτ1

d
(9)

f(0) = cδ(1−R0) < 0, lim
λ→∞

f(s) = +∞ (10)

Hence f(λ) = 0, has at least one positive real root. Thus it
can be concluded that, if R0 > 1, I0 is unstable.

B. Stability of I1
Characteristic equation of (1) at the infected equilibrium is

P (λ)+e−λτ2Q(λ)+e−λτ1R(λ)+e−λ(τ2+τ1)S(λ) = 0 (11)

That is,

λ4 + p3λ
3 + p2λ

2 + p1λ+ p0 + e−λτ2(q3λ
3 + q2λ

2 + q1λ+ q0)

+ e−λτ1(r2λ
2 + r1λ+ r0) + e−λ(τ2+τ1)(s1λ+ s0) = 0

(12)

Taking τ1 = τ2 = 0, (12) gives

λ4+(p3 + q3)λ3

+ (p2 + q2 + r2)λ2 + (p1 + q1 + r1 + s1)λ

+ p0 + q0 + r0 + s0 = 0

(13)

Using Routh-Hurwitz criteria, all the roots of (13) have
negative real parts if and only if
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(a) (p3 + q3) > 0, (p2 + q2 + r2) > 0,
(p1 + q1 + r1 + s1) > 0, (p0 + q0 + r0 + s0) > 0
(H1)

(b) (p3 + q3)(p2 + q2 + r2)
− (p1 + q1 + r1 + s1) > 0

(c) (p3 + q3)(p2 + q2 + r2)(p1 + q1 + r1 + s1)
−(p3+q3)2(p0+q0+r0+s0)−(p1+q1+r1+s1)2 > 0

So the following theorem can be stated.
Theorem 4.3: Let R0 > 1 and τ1 = τ2 = 0, then I1 is

locally asymptotically stable if (H1) holds.
Let τ2 = 0 in (12), Then the equation reduces to

λ4 + (p3 + q2)λ3 + (p2 + q2)λ2 + (p1 + q1)λ+ p0 + q0

+ e−λτ1(r2λ
2 + (r1 + s1)λ+ r0 + s0) = 0

(14)

For λ = 0, (14) reduces to q0+s0+r0+s0 6= 0. Hence λ = 0
is not a root of (14).
Let λ = iω be a root of (14), Separating the real and imaginary
part gives

p0 + q0 − (p2 + q2)ω2 + ω4 =

(r2ω
2 − r0 − s0) cosωτ1 − (r1ω + s1ω) sinωτ1

(p1 + q1)ω − (p3 + q3)ω3 =

− (r2ω
2 − r0 − s0) sinωτ1 − (r1ω + s1ω) cosωτ1

(15)

Squaring and adding both the equations of (15) and taking
ω2 = y, gives

F (y) = y4 + ((p3 + q3)2 − 2(p2 + q2))y3

+ ((p2 + q2 + r − 2)(p2 + q2 − r2)

− (2p1 + q1)(q3 + p3) + 2(p0 + q0))y2

+ ((p1 + q1 + r1 + s1)(p1 + q1 − r1 − s1)

− 2(p2 + q2)(p0 + q0) + 2r2(r0 + s0))y

+ (p0 + q0 + r0 + s0)(p0 + q0 − r0 − s0)

(16)

Using Routh-Hurwitz criteria, it can be concluded that roots
of (16) have negative real parts if

(a) ((p3 + q3)2 − 2(p2 + q2)) > 0 (H2)
(b) ((p2 + q2 + r − 2)(p2 + q2 − r2)

− (2p1 + q1)(q3 + p3) + 2(p0 + q0)) > 0,
((p1 + q1 + r1 + s1)(p1 + q1 − r1 − s1)
− 2(p2 + q2)(p0 + q0) + 2r2(r0 + s0)) > 0

(c) (p0 + q0 − r0 − s0) > 0

Thus based on the above discussion, the following theorem
can be stated.

Theorem 4.4: Let R0 > 1 and τ2 = 0, τ1 6= 0, then I1 is
locally asymptotically stable if (H1) and (H2) holds.
It is clear that if (p0 + q0 − r0 − s0) < 0, holds then (16) has
positive real roots. Corresponding to the positive roots of (16),
the values of the delay τ1 can be given by, for i = 1, 2, 3, 4

τ1i =
1

ω
cos−1

{
4n
5d

}
+

2nπ

ω
n = 0, 1, 2...... (17)

where
4n = (p0 + q0)(r0 + s0)− q1(r0 + s0)ω

+ ((p0 + q0)(−r2 + p1(r1 + s1))− (p2 + q2)(r0 + s0))ω2

+ (q1r2 + (p3 + q3)(r0 + s0))ω3

+ (r0 + s0 + (p2 + q2)(r2 − p1(r1 + s1))ω4 − r2(p3 + q3))ω5

+ (p1(r1 + s1)− r2)ω6

5n = −(r0 + s0)2 + 2r2(r0 + s0)ω2 − p1(r1 + s1)2ω3 − r22ω4

The critical value τ∗1 of τ1 is given by taking the min of all
the values of τ1 given by (17). Thus,

τ∗1 = min τ1i for all i (18)

Differentiating (14) with respect to τ1 and then rearranging
gives,(
dλ

dτ1

)−1
=

− 4λ3 + 3(p3 + q3)λ2 + 2(p2 + q2)λ+ (p1 + q1)

λ(λ4 + (p3 + q3)λ3 + (p2 + q2)λ2 + (p1 + q1)λ+ (p0 + q0))

+
2r2λ+ (r1 + s1)

λ(r2λ2 + (r1 + s1)λ+ r0 + s0)
− τ1
λ

(19)

For Hopf bifurcation, the tranversability conditions needs to
be verified. Thus to analyze the crossing of the imaginary axis
by the eigenvalues, substituting λ(τ1) = iω∗ in Eq (19) and
taking its real part,

sign

(
d<(λ)

dτ1

∣∣∣∣∣
λ=iω∗

)

=sign

(
<
(
dλ

dτ1

)−1 ∣∣∣∣∣
λ=iω∗

)
=signF ′(ω∗2)

(20)

Thus based on the above discussion the following theorem can
be stated

Theorem 4.5: Let R0 > 1, τ2 = 0, τ1 6= 0, and
(p0+q0−r0−s0) < 0 holds, then there exits a critical value τ∗1
and ω∗ such that the infected equilibrium I1 is asymptotically
stable in the interval [0, τ∗1 ). Also if (p0 + q0 − r0 − s0) < 0
holds and F ′(ω∗2) 6= 0, then Hopf bifurcation is exhibited by
system (1) at the critical value τ∗1 .
Taking τ1 = 0, τ2 6= 0, (12) is reduced to

λ4 + p3λ
3 + (p2 + r2)λ2 + (p1 + r1)λ+ p0 + r0

+ e−λτ2(q3λ
3 + q2λ

2 + (q1 + s1)λ+ q0 + s0) = 0
(21)

For λ = 0, (21) reduces to p0+r0+q0+s0 6= 0. Hence λ = 0
is not a root of (21).
Let λ = iω be a root of (21), Separating the real and imaginary
part gives

p0 + q0 − (p2 + q2)ω2 + p4ω
4 = cosωτ2(−s0 − r0 + r2ω

2)

+ sinωτ2(−s1ω − r1ω + r3ω
3)

p1ω + q1ω − p3ω3 = cosωτ2(−s1ω − r1ω + r3ω
3)

− sinωτ2(−s0 − r0 + r2ω
2)
(22)
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Squaring and adding the above equations, and taking ω2 = z
(22) is equal to

G(z) = z4 + (p23 − q23 − 2(r2 + p2))z3 + ((p2 + r2)2

− q22 − 2p3(p1 + r1) + 2q3(q1 + s1) + 2r0 + 2p0)z2

+ ((p1 + r1)2 − (q1 + s1)2 − 2(p2 + r2)(p0 + r0)

+ 2q2(q0 + s0))z + (p0 + r0 + s0 + q0)(p0 + r0 − s0 − q0)
(23)

Using Routh-Hurwitz criteria, it can be concluded that roots
of (23) have negative real parts if

(a) (p23 − q23 − 2(r2 + p2)) > 0, (K1)
(b) (p2 +r2)2−q22−2p3(p1 +r1)+2q3(q1 +s1)+2r0 +

2p0 > 0, (p1 + r1)2 − (q1 + s1)2 − 2(p2 + r2)(p0 +
r0) + 2q2(q0 + s0) > 0,

(c) p0 + r0 − s0 − q0 > 0

Thus based on the above discussion the following theorem can
be stated

Theorem 4.6: Let R0 > 1, τ1 = 0 and τ2 6= 0, then the
infected equilibrium I1 is asymptotically stable if H1 and K1
holds
Now (23) has positive real roots if p0+r0−s0−q0 < 0 holds.
Corresponding to the positive roots of (23), the value of the
delay τ2 can be given by, for i = 1, 2, 3, 4.

τ2i =
1

ω
cos−1

{
∆n

∆d

}
+

2nπ

ω
n = 0, 1, 2...... (24)

where

∆n =(r0 + s0)(p0 + q0)− q1(s0 + r0)ω2

+ ((p0 + q0)(p1(s1 + r1)− r2)

− (p2 + q2)(r0 + s0))ω2 + (p3(s0 + r0) + q1r2)ω3

− p3r2ω5((p2 + q2)(r2 − p1(s1 + r1)− p1r3(p0 + q0)

+ p4(s0 + r0)))ω4(p1p4(s1 + r1)− p4r2
+ p1r3(p2 + q2))ω6 − p1p4r3ω8

∆d =− (s0 + r0)2 + 2r2(s0 + r0)ω2 − p1(s1 + r1)2ω3

− r22ω4 + 2p1r3(s1 + r1)5 − p1r23ω7

The critical value τ∗2 of τ2 is given by taking the min of all
the values of τ2 given by (24). Thus,

τ∗2 = min τ2i for all i (25)

Differentiating (21) with respect to τ2 gives{
dλ

dτ2

}−1
=

4λ3 + 3p3λ
2 + 2p2λ+ p1

λ(4λ4 + p3λ3 + (p2 + r2)λ2 + (p1 + r1)λ+ p0 + r0)

− 3q3λ
2 + 2q2λ+ q1

λ(q3λ3 + q2λ2 + (q1 + s1)λ+ q0 + s0)
− τ2
λ

(26)

For hopf bifurcation the tranversability conditions needs to be
verified. Thus to analyze the crossing of the imaginary axis

by the eigenvalues. Substituting λ(τ2) = iω∗ in Eq (26) and
taking its real part.

sign

(
d<(λ)

dτ2

∣∣∣∣∣
λ=iω∗

)

=sign

(
<
(
dλ

dτ2

)−1 ∣∣∣∣∣
λ=iω∗

)
=signG′(ω2

∗)

(27)

Thus based on the above discussion the following theorem can
be stated.

Theorem 4.7: Let R0 > 1, τ1 = 0 and τ1 6= 0, and p0+r0−
s0 − q0 < 0 holds, then there exits a critical value τ∗2 and ω∗
such that the infected equilibrium I1 is asymptotically stable
in the interval [0, τ∗2 ). Also if p0 + r0− s0− q0 < 0 holds and
G′(ω2

∗) 6= 0, then hopf bifurcation is exhibited by system (1)
at the critical value τ∗2 .

V. NUMERICAL SIMULATION

The preceding sections were devoted to theoretical analysis
of the proposed model. In this section numerical simulation
have been performed to numerically verify the results so
obtained. The data sets have mostly been taken from [3], [30]–
[34].

The value of the basic reproduction number R0 was cal-
culated to be 0.784 when εr and εp were taken as 0.9 and
0.8 respectively, the rest of the values of the parameters are
given in Data 2 in Table (I). In this case the infection free
steady state I0 was stable as is clear from Fig (1). Next the
values of the parameters εr and εp were changed to 0.6 and 0.6
respectively, for these values R0 was calculated to be 10.784.
In this case the infected steady state is stable as is clear from
Fig (2)
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Fig. 1: The plot shows stability of the uninfected equilibrium
I0 when R0 < 1

Varying the value η in Data 1 given in Table (I), it was
demonstrated how viral loss term η affects the dynamics of
the virus. When η = 0.5 the first viral load peak was seen
overlapping with the case when η = 0. However as the value
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Fig. 2: The plot shows stability of the infected equilibrium I1
when R0 > 1

of η was increased a shift in the first peak was seen. The
first viral load peak at η = 25 is much higher than the peak
observed at η = 0.5 Fig (3a). Initially the oscillations seemed
to be overlapping, but with time there was a slight shift in
the oscillations with an increase in the viral loss term. In this
case also sustained oscillations could be seen in the system
Fig (3b).

Η=20

Η=10

Η=5

Η=0.5

0 20 40 60 80 100

0

200

400

600

800

1000

1200

t

x
3

(a) First viral peak for different
values of η

Η=20

Η=10

Η=5

Η=0.5

0 500 1000 1500 2000

0

200

400

600

800

1000

1200

1400

t

x
3

(b) Virus concentration for dif-
ferent values of η

Fig. 3: Effect of viral loss term

Data 1 given in Table (I) was used to calculate the crit-
ical values of the delays. Taking τ2 as 0, calculations were
performed to determine the critical value of τ1. The critical
value was calculated to be 11.5 days. Fig (4) showed that the
infected equilibrium I1 was stable when τ1 < 11.5 and Fig
(5) showed the existence of Hopf bifurcation as τ1 crosses the
critical value.

VI. CONCLUSION

In the present article, a multiple delayed model of HIV-
1 infection has been proposed. Drug therapy has also been
included to make the model more practical. The delays in the
model symbolize the time lapses during the course of infection
namely the time lag in the production of virus by the infected
cells and the activation of the CTL immune response after the
detection of the infected cells in the body.

Firstly the positivity and boundedness of the solution of
the model has been shown. By calculating the reproduction
number R0 of the model the local stability analysis of the
various steady states has been discussed next. It has been
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Fig. 4: The plot shows the asymptotic stability of the infected
equilibrium I1 when τ1 < τ∗1
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Fig. 5: The plot shows the occurrence of periodic solutions of
the infected equilibrium I1 when τ1 > τ∗1

shown that the infection free steady state is locally stable when
R0 < 1 and the infected steady state is locally stable when
R0 > 1.

Bifurcation analysis has been performed on the infected
steady state and the critical value of the delays has also been
calculated. Taking the immunological delay τ2 as zero the
critical value of τ1 has been calculated as 11.5 days.

Plotting the graphs for different values of the viral loss
term η, it was observed that the graphs overlap for smaller
values of the virus waning term but as the value is increased
the difference in the viral peak can be observed. The model
presented in this paper thus generates some rich dynamics
with respect to the delay and viral loss term. What remains
to be seen is that how will the dynamics of the system when
pharmacological delays are introduced and all the delays are
taken to be nonzero. This provides a background for future
work.
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Parameter Definition Data 1 Data 2

s cells ml-day−1 production rate of uninfected 46 46

d day−1 death rate of uninfected T cells 0.0046 0.0046

b viron ml-day−1 rate of infection of T cells by virus 4.8×10−6 4.8×10−6

εr effectiveness of reverse transcriptase inhibitor 0.5 0.9

k cell−1 day−1 removal rate of uninfected T cells 0.36 0.36

B day−1 bystander apoptosis 350 0.02

δ day−1 death rate of infected T cells 0.1 0.1

d1 viron ml -day−1 rate of action of CTL cells 9.4×10−4 9.4×10−4

εp effectiveness of protease inhibitor 0.6 0.8

N virion-cell−1 burst rate of infected cells 4000 2500

c day−1 death rate of virus 3 3
η loss of virus 20 1

p day−1 generation rate of CTL cells 0.46 0.46

d2 day−1 death rate of CTL cells 0.67 0.67
τ1 day intracellular delay 0.09 0
τ2 day immunological delay 2 0

TABLE I: The value of the various parameters
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Abstract—Recently it receives a great attention to reduce road 

accident and controlling traffic by limiting the speed of vehicles. 

Moving vehicle speed is usually determined by using Radar, Photo 

Radar, Drone Radar, LIDAR Speedometer Clocks, Average Speed 

Computers, Aircraft or Video frame methods, etc. Most of these 

methods are very expensive and also their accuracy is not quite 

satisfactory. In this paper, a video based vehicle speed calculation 

method is presented, which has the capability of calculating the 

speed with higher accuracy but at relatively low cost. The method 

consists of three stages:  object recognition, noise removal and 

speed calculation. The method shows satisfactory performance on 

standard data sets. 
Keywords—Vehicle detection; speed calculation; background 

subtraction; vehicle tracking.  

I.   INTRODUCTION 

Sustainable development goal 3.6 [1] aims to halve the number 

of global deaths and injuries from road traffic accidents by 

2020. Bangladesh is one of the top countries in the world where 

road accident rate is very high. Though concerned authorities 

have taken many initiatives to minimize the road accident rate 

and increasing the road safety, still every year many people get 

killed due to road accidents. According to statistics of road 

accidents and casualties from BRTA (Bangladesh Road 

Transport Authority), in the year of 2014, about 2027 

dangerous accidents occurred and that caused 2067 deaths [2]. 

In fact the actual number of accident is very high as many 

accidents are not reported to concern authorities. The speed of 

vehicle is considered as one of the main factors for road 

accidents and also it is an important traffic parameter, so 

detection of speed of a vehicle [3-13] is very significant for 

more smooth traffic management. For this reason, there has 

been many efforts from the concern authorities to reduce 

speeding by traffic lights and vehicle speed detection control 

based on RADAR (Radio Detection and Ranging) or LIDAR 

(Laser Infrared Detection and Ranging) based methods. 

Although RADAR and LIDAR based methods are high in 

performances, these are also very high in price. Due to higher 

cost these methods are not scalable for large scale installment 

in roads around Bangladesh. Existing speed cameras are based 

on RADAR equipment for detecting vehicle speed. Speed 

cameras are usually placed behind trees, road signs and do not 

require human to operate unlike speed gun technology. So, at a 

first glance, these speed cameras seem to be the best method for 

speed detection but equipment for this method is still based on 

the RADAR approach. This method has still some 

disadvantages because its performance is not so high.  

Therefore, image processing approach was introduced instead 

of RADAR or LIDAR system in vehicle speed detection. Image 

processing only needs a single video camera and a computer 

that is less expensive compared to RADAR approach. For 

vehicle speed detection, device capable of recording video 

along with a computer system can serve the requirement for low 

cost investment. In this paper, we develop an imaged-based 

vehicle speed detection method where a physics-based velocity 

theory is used to calculate the speed of moving vehicle from the 

recorded video. This approach consists of five major steps such 

as image acquisition and enhancement, segmentation, centroid 

calculation, shadow removal and speed calculation. 

 

We organized the rest of this paper as follows. Section II 

presents the methodology and theory of the system along with 

its implementation. In Section III, experimental result and 

discussions are described. Finally, in Section IV conclusions 

are drawn.  

 

 

II.    VEHICLE SPEED DETECTION METHOD 

A generic schematic flow diagram of our vehicle speed 

detection algorithm is shown in Fig. 1. 
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Fig. 1: Flowchart of the vehicle speed detection method. 

 

A brief explanation of the investigated vehicle speed 

detection algorithm is given below: 

 

A.  Vehicle Detection Module 

For calculating the moving vehicle speed, the primary task 

is to detect the moving vehicles from the video correctly. There 

are numerous approaches for detecting moving objects such as 

temporal differencing algorithm, optical flow algorithm, 

background subtraction algorithm, etc. Two adjacent frames are 

taken in temporal differencing algorithm. It cannot detect slow 

changes accurately. Camera motion is used to detect object 

independently in optical flow algorithm and it is not applicable 

in real time. To detect moving object using background 

subtraction algorithm, the absolute difference of the 

background model and the current frame is taken.  

In our work, a hybrid algorithm is used for detecting moving 

objects [8] in which background subtraction algorithm has 

overcome the drawbacks’ of the previous method. Here, an 

adaptive background subtraction technique is combined with a 

three-frame differencing method. The current approach consists 

of two successive steps, which are described below: 

 

At first, we construct a matrix corresponds to the current frame 

to decide whether the pixels are in motion or stationary. A 

three-frame differencing technique is applied to know motion 

as shown in Fig. 2. After that adaptive background subtraction 

method is applied to extract the entire moving region. Here, the 

stationary pixel represents the background pixel and the moving 

pixel represents the foreground pixel. 

  

 
Fig-2: A scene with two moving objects. 

 

Let us take a stationary camera for capturing video.  Assume 

for a captured pixel at position (x,y) and time t=n,  its intensity 

value becomes IIn(x,y). By three frame differencing technique 

an object is moving if the current image (IIn) and its position in 

the last frame (IIn-1) is significantly different than its position 

at (IIn-2) than the pixel will be a moving pixel (x,y). 

Mathematically, is detected if 

 

(𝐼𝐼𝑛(𝑥, 𝑦) − 𝐼𝐼𝑛−1(𝑥, 𝑦) >  𝑇ℎ𝑛(𝑥, 𝑦)  and 

(𝐼𝐼𝑛(𝑥, 𝑦) − 𝐼𝐼𝑛−2(𝑥, 𝑦) >  𝑇ℎ(𝑥, 𝑦)   
 

Where 𝑇ℎ𝑛(𝑥, 𝑦) is the threshold value at pixel position (x, y). 

 

The second step is to extract background from the above image.  

It is achieved by the subtraction of the background Bn(x,y) 

frame from the current frame IIn(x, y). 

 

 

𝑆𝐼𝑛(𝑥, 𝑦) =  (𝐼𝐼𝑛(𝑥, 𝑦) − 𝐵𝑛(𝑥, 𝑦)  
 

Where, SIn(x,y) be the subtracted image. 

 

B.  Noise Removal and Objects Tracking Module 

To remove noise from the frame, we are using trial and 

error method. Using this method, we have concluded that if 

the pixel intensity value is less than 0.15 then we considered 

this pixel as shadow otherwise a foreground. 

After detecting moving objects and removing noise from the 

frame, the next task is to track the objects accurately. It is also 

important for higher level analysis and extraction of temporal 

information. Object tracking is done by segmenting and 

labeling objects.  

The aim of object segmentation is to discover objects and 

detect boundaries based on the connectivity of the objects. So 

we have to partition the objects from the image correctly. For 

this reason connected region of the objects must be assured so 

that every object is connected as one part. Otherwise, counting 

of objects may not accurate, as a result many duplicate objects 

will be counted. After separating the objects correctly, we 

calculate the area of each objects. Basically we map each of the 

objects as a rectangle for smooth calculation. To do this, we 

iterate through the frame horizontally and vertically. The frame 

is scanning horizontally whose starting point is the top most left 

pixel. Then, the whole frame is scanned. It marks the whole 

scan line if no foreground pixel (white pixel) is found. 
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Otherwise, it will skip the line and do this until reach the last 

line. The same process is done for vertical scanning of the 

frame. After two or three successive iteration, we get the 

accurate segmentation result and discard the regions that are not 

an actual object.  

For keeping track of each object individually, labelling is 

performed. We track the frames when an object enters the scene 

(at frame 𝑆𝐼0) and when it leaves the scene (at frame SIn).  

 

C.  Compute Detected Centroid of the Object 

After tracking the objects, the next step is to compute the 

centroid of each object. We can track and map easily from the 

center as it represents the whole object. In this section, we show 

how can we track the center and correct its label. The center is 

calculated by taking the average of the corner points of the 

object.   

(𝑥𝑐 , 𝑦𝑐) = (
(𝑥1 + 𝑥2)

2
,
𝑦1 + 𝑦2

2
) 

where, (𝑥𝑐 , 𝑦𝑐) is the center of the vehicle. 

 

D.  Speed Calculation 

Now speed calculation is done by counting the frame 

numbers needed to enter and leave the object to pass the scene 

and the distance it covers. The Euclidean distance of the 

centroid of nth frame and (n-1)th frame gives the distance 

travels by objects. The frame rate of the video is then multiplied 

by the total number of frames. From this total time and distance, 

speed is measured and mapped in real time. The distance is 

calibrated in km and time in hr to calculate the vehicle speed in 

km/hr. 

 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  √(𝑥𝑛−1 − 𝑥𝑛)2 + (𝑦𝑛−1 −  𝑦𝑛)2 

 

Where, ((𝑥𝑛 , 𝑦𝑛), (𝑥𝑛−1, 𝑥𝑛−1)) is the coordinates of the 

centroid pixel in nth and (n-1)th frames, respectively.  

 

Speed = α*Distance/ ((Frame-n – Frame-0)*Frame rate) 

 

Where, α is the calibration co-efficient. 

 

α = real height of the vehicle / image height of the vehicle. 

III.   EXPERIMENTAL RESULTS AND DISCUSSIONS 

For our experiment, we have used QMUL Junction Dataset [14] 

and a dataset (developed by us) by collecting videos from the 

internet.  

 

QMUL Junction Dataset is a traffic dataset whose video length 

is 1 hour and it has 90000 frames. The size of each frame is 360 

× 288 pixels and the frame rate is 25 Hz. 

 

It is observed that the speed of the vehicle calculated by our 

system is almost same as compared to real speed of the vehicle. 

Table I shows the measurement result. 

 

 

TABLE I 

Actual Speed Variation in 

measured value 

Error 

10 km/hr 9 – 11 km/hr ±.01% 

15 km/hr 14.5 – 16 km/hr ±.005% 

30 km/hr 27 – 32 km/hr ±.03% 

IV.   CONCLUSION 

We described an image-based vehicle speed determination 

system, which is a good alternative to the traditional radar 

system. From the experimental results, we have found that the 

system works well with good accuracy as the error rate is very 

low. We hope that this system will find extensive application  in 

real time traffic management field and many other purposes. 
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Abstract—In this paper, we propose a new three level implicit
method based on half step spline in compression approximation,
of order two in time and four in space for the solution of
one-space dimensional non-linear wave equation of the form
wtt = wrr + f(r, t, w,wr). We describe spline in compression
approximations and its properties. The new method for 1D wave
equation is obtained directly from the consistency condition. In
this method we use three grid points for the unknown function
w(r, t) and two half step points for the known variable ’r’ in
r- direction. To assess the validity and accuracy, the method
is applied to wave equation in polar coordinates and numerical
results are provided to demonstrate the usefulness of our method.

Keywords: Spline in compression approximations; One-
dimensional wave equation in polar coordinates; Maximum
absolute errors.

I. INTRODUCTION

We consider one-space dimensional quasi-linear hyperbolic
equation of the type

wtt = wrr + f(r, t, w,wr), 0 < r < 1, t > 0 (1)

with the following initial conditions

w(r, 0) = p(r), wt(r, 0) = q(r), 0 ≤ r ≤ 1 (2)

and boundary conditions

w(0, t) = g0(t), w(1, t) = g1(t), t ≥ 0 (3)

We assume that w(r, t) is sufficiently smooth and required
higher order partial derivatives of w(r, t) exist in the solution
domain Ω ≡ [(r, t)|0 < r < 1, t > 0] and the conditions (2)
and (3) are given with sufficient smoothness to maintain the
order of accuracy in the numerical method under considera-
tion. Further, we assume that the initial and boundary value
problem (1)-(3) has a unique smooth solution w(r, t) in the
solution domain Ω. The details of existence and uniqueness
of the above initial boundary value problem has already been
discussed in [4]

Wave equation is an important second-order linear partial
differential equation for the description of waves as they occur
in real life such as ripples on a lake, wind waves on water,

tidal surges in estuaries, transverse waves traveling on a long
string, transverse vibrations of strings and membranes, traffic
density waves, seismic waves, acoustic waves, electromagnetic
waves currents in coaxial cables.

Problems involving the propagation of non-linear waves
have become of increasing interest in various branches
of science and engineering. There has been a consis-
tent effort in developing efficient and high accuracy fi-
nite difference methods to solve quasi-linear hyperbolic
equations including wave equation in polar coordinates.(see
[1],[8],[9],[3],[7],[5],[6],[10],[2])

Our paper is arranged as follows;
In section 2, we discuss the properties of spline in compres-
sion. In section 3, we give a new half-step three level implicit
method based on spline in compression approximations. In
section 4, we discuss the direct applicability of our method
to wave equation in polar coordinates. In section 5, we give
numerical results of proposed high accuracy method with the
corresponding second order accuracy non-polynomial spline
in compression method. In section 6, we give concluding
remarks.

II. SPLINE IN COMPRESSION APPROXIMATIONS

Let us discretize the solution domain [0, 1] × [t > 0] into
(N + 1)× J by a set of grid points (rl, tj), where 0 = r0 <
r1 < ..... < rN+1 = 1, 0 = t0 < t1 < ..... < tJ = J , N being
a positive integer with uniform mesh spacing h = rl − rl−1,
τ = tj − tj−1; l = 1(1)N + 1, j = 1(1)J . Let wj

l and W j
l

be the approximate and exact solutions of w(r, t) at the grid
point(rl, tj), respectively.

Now for each sub interval [rl−1, rl] , l = 1(1)N + 1,
we define the non polynomial spline in compression function
Pj(r) of the function w(r, t) at the mesh point (rl, tj) as
follows
Pj(r) = ajl + bjl (r − rl) + cjl sinω(r − rl) + djl cosω(r − rl),

l = 1(1)N + 1, r ∈ [rl−1, rl]
(4)
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Here,

M j
l = P ′′j (rl) = W j

rrl
,M j

l±1/2 = P ′′j (rl±1/2) = W j
rrl±1/2

,

(5)

and ajl , b
j
l , c

j
l , djl and ω are given by

ajl = U j
l +

M j
l

ω2
, bjl =

U j
l − U

j
l−1

h
+
M j

l

ωθ
−
M j

l−1/2

ωθ
cosθ,

cjl =
M j

l−1/2 −M
j
l cosθ

ω2sinθ
, djl = −

M j
l

ω2
, θ =

ωh

2
, (6)

From condition of continuity

P ′j(rl−) = P ′j(rl+) (7)

we obtain the following relation

W j
l+1 − 2W j

l +W j
l−1

h2
= αM j

l+1/2 + 2βM j
l + αM j

l−1/2,

l = 1(1)N
(8)

where

α =
1

2θ2
(
θ

sinθ
− cosθ), β =

1

2θ2
(1− θcotθ). (9)

From (9) the consistency condition is given by

tan
θ

2
=
θ

2
, (10)

The above equation has infinitely many roots, the smallest
positive non-zero root given by

θ = 8.986818916 (11)

Now, we give two important properties of non-polynomial
spline in compression

P
′

j (rl−1/2) =
W j

l −W
j
l−1

h
+
h(2βM j

l−1/2 − αM
j
l )

4
(12)

P
′

j (rl+1/2) =
W j

l+1 −W
j
l

h
+
h(αM j

l − 2βM j
l+1/2)

4
(13)

III. METHOD BASED ON NON-POLYNOMIAL SPLINE IN
COMPRESSION APPROXIMATIONS

We consider the one-space dimensional non linear partial
differential equation

wtt = wrr + f(r, t, w,wr), 0 < r < 1, t > 0 (14)

with the initial conditions and boundary conditions prescribed
by (2) and (3) respectively.Let wj

l and W j
l be the approximate

and exact solutions of w(r, t) at the grid point(rl, tj), respec-
tively.
At the grid point (rl, tj), we may rewrite the differential
equation (14) as

W j
ttl

= W j
rrl

+ f(rl, tj ,W
j
l ,W

j
rl

) ≡ F j
l (15)

Similarly at grid point (rl±1/2, tj)

W j
ttl±1/2

= W j
rrl±1/2

+ f(rl±1/2, tj ,W
j
l±1/2,W

j
rl±1/2

)

≡ F j
l±1/2

(16)

Using Taylor’s expansion, we obtain

W j
l+1 − 2W j

l +W j
l−1 =

h2

12
(W

j

ttl+1
+ 10W

j

ttl
+W

j

ttl−1
)

−h
2

3
(F j

l+1/2 + F j
l + F j

l−1/2) +O(τ2h2 + τ2h4 + h6)

(17)

For derivation of method , we need the following approxi-
mations:

W
j

l±1/2 =
W j

l±1 +W j
l

2
, (18.1)

W
j

ttl
=
W j+1

l − 2W j
l +W j−1

l

τ2
, (18.2)

W
j

ttl±1
=
W j+1

l±1 − 2W j
l +W j−1

l±1
τ2

, (18.3)

W
j

ttl±1/2
=
W

j

ttl±1
+W

j

ttl±1

2
, (18.4)

W
j

rl
=
W j

l+1 −W
j
l−1

2h
, (18.5)

W
j

rl±1/2
= ±

(W j
l±1 −W

j
l )

h
, (18.6)

W
j

rrl
=
W j

l+1 − 2W j
l +W j

l−1
h2

. (18.7)

We define the following approximations:

F
j

l = f(rl, tj ,W
j
l ,W

j

rl
) (19.1)

F
j

l±1/2 = f(rl±1/2, tj ,W
j
l±1/2,W

j

rl±1/2
) (19.2)

M
j

l = (W
j

ttl
− F j

l ) (19.3)

M
j

l±1/2 = (W
j

ttl±1/2
− F j

l±1/2) (19.4)

Ŵ j
rl+1/2

=
W j

l+1 −W
j
l

h
+
h(αM

j

l − 2βM
j

l+1/2)

4
(19.5)

Ŵ j
rl−1/2

=
W j

l −W
j
l−1

h
+
h(2βM

j

l−1/2 − αM
j

l )

4
(19.6)

F̂ j
l±1/2 = f(rl±1/2, tj ,W

j

l±1/2, Ŵ
j
rl±1/2

) (19.7)

Ŵ j
l = W j

l −
h2

4
W

j

rrl
(19.8)

Furthur, let

Ŵ j
rl

= W
j

rl
− αh

2
(M

j

l+1/2 −M
j

l−1/2) (20)

and
F̂ j
l = f(rl, tj , Ŵ

j
l , Ŵ

j
rl

) (21)
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Then the proposed non-polynomial spline in compression
method for the differential equation (1)

W j
l+1 − 2W j

l +W j
l−1 =

h2

12
(W

j

ttl+1
+ 10W

j

ttl
+W

j

ttl−1
)

−h
2

3
(F̂ j

l+1/2 + F̂ j
l + F̂ j

l−1/2) + T̂ j
l .

(22)

where T̂ j
l = O(τ2h2 + τ2h4 + h6)

Note that, the initial and Dirichlet boundary conditions are
given by (2) and (3) respectively. Incorporating the initial and
boundary conditions, we can write the spline in compression
method in a tridiagonal form. If the differential equation(1)
is linear system we use the Gauss elimination (tridiagonal
solver)method; in the non-linear case, we can use the Newton-
Raphson iterative method.(see[9-10])

IV. APPLICATION OF METHOD TO WAVE EQUATION IN
POLAR COORDINATES

We consider the one dimensional wave equation in polar
coordinates

wtt = wrr + a(r)wr + f(r, t), 0 < r < 1, t > 0 (23)

with the following initial conditions

w(r, 0) = a0(r), wt(r, 0) = a1(r), 0 ≤ r ≤ 1 (24)

and boundary conditions

w(0, t) = a3(t), w(1, t) = a4(t), t ≥ 0 (25)

where a(r) =
γ

r
and γ = 1, 2.

Applying the method (22) to the differential equation (23)we
obtain

W j
l+1 − 2W j

l +W j
l−1 =

h2

12
(W

j

ttl+1
+ 10W

j

ttl
+W

j

ttl−1
)

−h
2

3
(al+1/2Ŵ

j
rl+1/2

+ alŴ
j
rl

+ al−1/2Ŵ
j
rl−1/2

)

−h
2

3
(f jl+1/2 + f jl + f jl−1/2) + T̂ j

l .

(26)

where T̂ j
l = O(τ2h2 + τ2h4 + h6)

and

as = a(rs), f
j
s = f(rs, tj), s = l, l ± 1/2 (27.1)

F
j

l = f(rl, tj) + a(rl)W
j

rl
(27.2)

F
j

l±1/2 = f(rl±1/2, tj) + a(rl±1/2)W
j

rl±1/2
(27.3)

M
j

l = W
j

ttl
− F j

l (27.4)

M
j

l±1/2 = W
j

ttl±1/2
− F j

l±1/2 (27.5)

Ŵ j
rl+1/2

=
W j

l+1 −W
j
l

h
+
h(αM

j

l − 2βM
j

l+1/2)

4
(27.6)

Ŵ j
rl−1/2

=
W j

l −W
j
l−1

h
+
h(2βM

j

l−1/2 − αM
j

l )

4
(27.7)

V. NUMERICAL ILLUSTRATIONS

In this section, we have computed problem (23)-(25) using
the proposed scheme described by equation (22) and compared
our results with second order numerical scheme. The exact
solutions are provided. The right hand side homogeneous
function, initial and boundary conditions may be obtained by
using the exact solution as a test procedure. The proposed
scheme is a three level scheme. The value of w at t=0 is known
from the initial condition. To begin the computation, we need
the numerical value of w of required accuracy at t = τ , so
we discuss an explicit method of O(τ2) for calculating the
value of w at first time level in order to solve the differential
equation (23) using the proposed scheme (22)

Since the values of w and wt are known explicitly at
t = 0, so the values of successive tangential derivatives
w,wr, wrr, ..., wtr, wtrr, ........etc. are known at t = 0. An
approximation for w may be written as

w1
l = w0

l + τ(wt)
0
l +

τ2

2
(wtt)

0
l +O(τ3) (28)

From equation (23), we have

(wtt)
0
l = [wrr + a(r)wr + f(r, t)]0l (29)

Then using the initial values and their successive tangential
derivative values from (29) we obtain the value of wtt at
t = 0 and then subsequently from (28), we can compute the
value of w at first time level, i.e. at t = τ.

The equation (23)-(25) is solved, using the proposed
scheme (22). The maximum absolute errors (MAE) are
compared with Central Difference Scheme (CDS) in Table
1, for γ = 1, 2, t = 1 and σ =

τ

h2
= 3.2. Figure 1

gives the graph of exact vs.numerical solution at time level
t = 1,h = 1/32,γ = 1

Here, exact solution w(r, t) = cosh r sin t
Initial conditions: w(r, 0) = 0, wt(r, 0) = cosh r
Boundary conditions: w(0, t) = sin t, w(1, t) =

(
e+ e−1

2
) cos t

Table 1: Maximum Absolute Errors :

t=1,σ = 3.2
h ProposedScheme (22) CDS

γ=1 γ=2 γ = 1 γ=2
1/8 3.2633(−5) 3.3839(−5) 5.2011(−4) 1.0247(−3)
1/16 2.0948(−6) 2.1810(−6) 1.3916(−4) 2.7007(−4)
1/32 1.3356(−7) 1.3914(−7) 3.5865(−5) 6.8675(−5)
1/64 8.5274(−9) 8.8328(−9) 9.1102(−6) 1.7267(−5)

VI. CONCLUSION

In this paper using three grid points and three evaluations
of function f , we have derived a new half step spline in
compression method of O(τ2 + h4) accuracy for the solution
of one-dimensional wave equation.Our method is directly
applicable to wave equation in poolar coordinates which is the
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main attraction of our work. For a fixed parameter σ =
τ

h2
,

the proposed method behaves like a fourth order method. The
accuracy and efficiency of the proposed method are exhibited
from the numerical computations.
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Abstract—This work presents relay selection and beamwidth
adaptation algorithms for millimeter-wave communication net-
work by selecting best relay. Due to the high path loss, the
mm-Wave links suffer from shadowling. Thus improving link
availability is a challenge for the system designer. In this work, the
link availability is further improved by optimal power allocation
and beamwidth adaptation. The channel model considered the
path loss and shadowing. The throughput and link availability of
the proposed algorithms have been evaluated. The results have
been compared with the existing state of art methods. It has been
found that the proposed algorithms for the relay selection and
beamwidth adaptation outperformed the existing results.

Keywords—mm-Wave; Beamwidth; Power allocation; Relay
selection; Blocking.

I. INTRODUCTION

The 60-GHz mill-meter wave (mm Wave) band is very
felicitous for Wireless Personal Area Network (WPAN).
Mill-meter-wave, which is also known as extremely high
frequency by the International Telecommunications Union
(ITU), can be used for high-speed indoor wireless broadband
communications. Relay devices can significantly overcome
signal blockage and propagation loss characteristics of mm
Wave.

It needs higher costs in manufacturing of greater precision
hardware due to component with smaller size. At extremely
high frequencies, there is significant attenuation. Moreover mm
Waves can hardly be used for long distance applications.Mm
Wave communications suffer from huge propagation loss. Con-
sequently, the penetration power becomes low through concrete
walls or other objects. Due to its short range, mm Wave travels
by line of sight, so its high-frequency wavelengths can be
blocked by physical objects like human bodies , furniture
etc. There are interferences with oxygen and rain at higher
frequencies therefore further research is going on to reduce
this.

A large number of research works have been reported for
blockage of mmWave. Previously there were many cross layer
anti-blocking scheme used, most of them including multi-
hop, deflection routing, scheduling, spatial reuse.Some papers
focused on inter and intra-group communication scenarios and
proposed two hops relay selection schemes for each case[1].
Some paper proposed relay selection strategies based on the
criterion of outage probability minimum or on the criterion

of overall network throughput capability Maximum. Another
paper proposed a fast relay selection algorithm based on the
geographical location information, access point (AP) would
simulate[2] and select best relay in preliminary sectors to
save the time consumption[3]. Moreover other relay selection
strategy establised on the feedback beamforming (BF) infor-
mation through designed sector sweep (SSW) report frame
for mmWave WPANs with the aim of minimizing the outage
probability and maximizing the overall network throughput
capacity[4].There were also work on relay selection and source
and relay power allocation under mixed line-of-sight (LOS)
and non-line-of-sight (NLOS) path scenarios for both power
saving and robustness enhancement.

This paper describes, the best way of relay selection and
the design of beamwidth adaptation for power consumption to
cooperative multicast transmission strategy for 60 GHz mm
Wave WPANs. After comparing SINR and degree of mobility,
from the proposed relay selection algorithm we get the number
of best relays. In this paper we introduce a core factor degree of
mobility. When the AP transmits packets on carrier frequency,
it can be distorted. We consider the capability of moving or of
being moved of relays, readily from place to place. We also
proposed an algorithm for beamwidth adaptation. Beamwidth
adaptation is important to save power. Saving the power is the
key to improve system performance for 60 GHz mm Wave.

The remainder of the paper is organized as follows. The
system model is described in Section II. Timing diagram is also
explained in this paper. A relay selection algorithm is proposed
in Section III. An algorithm for beamwidth adaptation is
analyzed in Section IV and evaluated by intensive simulations
in Section V. Section VI is the conclusion where Appendix A
is the proof of the path loss equation and related works are
presented in Appendix B.

II. SYSTEM MODEL

Figure 1 shows a 60 GHz mm Wave WPANs with multiple
relays. The base station (BS) /access point (AP) has informa-
tion to be transmitted to Wireless User Equipment (WUE).
Here AP is a sender and WUE is a destination. If there
is a blocking between AP and WUE link. The information
can not be transmitted due to shadowing. THus a number
of randomly distributed relays assist Access Point (AP) to
transmit information to WUE. Our target is to establish a
non-line-of-sight (NLOS) connection avoiding the obstacles.
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Fig. 1. System Model

Fig. 2. Timing Diagram for finding relays

In figure 1, there are R1 to RT relays, AP can establish a
NLOS link with WUE through R1, R2, R3indefinitely these
three relays are potential relays.

Figure 2 shows a timing diagram consists of an AP, relays,
an WUE. AP is an omnidirectional antenna which sends hello
packets in every 3◦ angle which includes the address of AP
and WUE. Whenever there is a relay on the exact angle as
well as there is no obstacle between them , it will receive
and re-send this packet to the WUE, that relay will be termed
potential relay.

Because of the clearance between relay and WUE, WUE
will conveniently receive the hello packets. WUE will send a
feedback via potential relay with the information of distance,
capacity, SINR , degree of mobility. AP subsequently sends a
RTS after DIFS duration, WUE will respond with CTS after
SIFS1 duration. RTS (Ready to Transmit) frame contains five
fields which are frame control, duration, RA (Received Ad-
dress), TA (Transmitter Address), FCS and DIFS (Distributed
Inter-Frame Space). FCS is the time delay to transmit RTS
from AP to Potential relay and DIFS is the time delay to
transmit RTS from potential relay to WUE. CTS (Clear to
Send) frame consists of frame control, duration, RA (Receiver
Address), FCS and SIFS (Short Inter-Frame Space). FCS is
the time delay to transmit CTS from AP to Potential relay and
SIFS is the time delay to transmit CTS from potential relay to
WUE. After obtaining CTS , WUE will send data which will
be received after SIFS1 by AP , following that AP will send
data to WUE which will be received after SIFS2 duration. RTS
frame is RTS and CTS frames are used to enhance the virtual
carrier sense process. All these are happened via potential

relay.

III. PROBLEM FORMULATION

WUE which is regarded as the destination will decode
the signals coming from the AP successfully. Reliability must
be considered for choosing appropriate relay. Reliability is
denoted as IRi,

IRi =
ψoutIRi

ψinIRi

≈ 1 (1)

where ψinIRi
out is the packet which is sent by AP and

ψoutIRi
is the packet which is received by WUE. If IRi < 1

packet will drop in the channel, IRi > 1 extra packets will
be are added with the main packets. Both scenarios are not
admissible to select the relay.

Assuming that channel’s power is P and channel gain is G.
We can get EIRP , EIRP = P ×G

There is also a relation between gain, power and SINR as
γ,

γ =
GP |h|2

σ2
(2)

Where h is channel gain and σ is data rate.

Power equation will be,

P (d, f)(dB) = Pt(dB)+10αlog10d−10βlog10(f ′)+Xs (3)

Where Pt is transmit power, f ′ is degree of mobility, α
and β are constants. We also consider shadowing Xs. Xs is a
normal variable with zero mean, reflecting the attenuation (in
dB) caused by shadowing.In case of no shadowing, this vari-
able is 0. In case of only shadow fading this random variable
may have Gaussian distribution with standard deviation in dB,
resulting in log-normal distribution of the received power in
Watt. Here, from Doppler shift we get the degree of mobility
[10]

f ′ = f(
v − v0
v − vs

) (4)

SINR has also relation with capacity C. The capacity of
an additive white Gaussian noise (AWGN) channel assumed
as Gaussian distribution is given by [11], [12]:

C =
1

2
log2(1 + γ) (5)

From this equation (3) we get,

γ = 22C − 1 (6)

From equations (2) and (6) we can get EIRP.

EIRP =
N(22C − 1)

|h|2
(7)
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Let consider the transmitted signal from AP to potential
relay is y1 and another transmitted signal from potential relay
to WUE is y2.

Now,

y1 =
√
Ph1 + n1 (8)

y2 = (
√
Ph1 + n1)Gh2 + n2 (9)

Here,
√
P is the power, h1 is the path loss and shadowing

when signal is transmitted from AP to Potential relay, h2 is
the path loss and shadowing when signal is transmitted from
potential relay to WUE, n1 is the noise for the first situation,
n2 is the noise for second situation. G is the channel gain.

Considering these two situations we can get an equation
for SINR as,

√
ph1Gh2

p |h1|2 |h2|2G2
+
h1Gh2 + n2
σ2
1 + σ2

2

(10)

Due to the doppler shift,a delay of τ may introduce. By
considering the effect of γ the(10) no equation would be,

γ =
P (t− τ) |h1(t− τ)|2 |h2(t− τ)|2G2

σ2
1 + σ2

2

(11)

Let, n number of relays are selected and h11 is the path loss
and shadowing of AP to potential relay of the first relay,h12 is
the path loss and shadowing of potential relay to WUE of the
first relay. In this way if n = 2, 3, 4, .....,∞ then considering
MRC at the relay we can estimate the relay signal as S̄

S̄ =
h11h12y1 + h21h22y2 + .........+ h(n−1)1h(n−1)2yn−1

|h11|2 |h12|2 + |h21|2 |h22|2 + ...+
∣∣h(n−1)1∣∣2 ∣∣h(n−1)2∣∣2

(12)

IV. PROPOSED ALGORITHM

A. Relay Selection Algorithm

In mm Wave links require high data rate, too many hops
can seriously affect the individual flows. The algorithm tries to
find maximum relays considering there are one Access Point
(AP) and one WUE. Assume that, there is a set φR of all
distributed relays,

φR = {R1, R2, ..., RT }

. Here, T is the total number of relays then there is an another
set PR of all potential relays,

φPR = {RP1, RP2, ..., RPT }

.

When the AP transmits packets on carrier frequency, it can
be distorted by the motions of the potential relay. We consider
the capability of moving or of being moved of relays as degree
of mobility. This is a core factor which we are considering in
this algorithm.

There is an another factor reliability. If the same transmitted
data is not received by WUE then the channel can not be
reliable, those relay will not be counted. Weights are assigned
on the basis of SINR and degree of mobility, and the capacity
CWl

of specified weight is compared with the threshold
capacity CTh of WUE. If CWl

is less or equal than CTh
then that specific weight which is included in a priority queue
(maximum to minimum) (Algorithm 1 lines 6-8). To utilize the
power (Algorithm 1 lines 11-16) based on the WUE’s capacity,
number of hops or number of relays are counted .The best relay
would be the channel links with the maximum weights.

Algorithm 1 Relay Selection Algorithm
Input: Input : link length, traffic load, degree of mobility,
reliability.
Output: One or Multiple best relays (count).

procedure PRIORITY QUEUE(considering a
pair(AP,WUE))

for l = 1 to size {φPR} do
if relay is reliable
Wl(AP , WUE ) = γi

γm
+ f

f ′
i

if Cwl <= CT h then
Enqueue (Queue,Wl)

end for
count← 0, totalcapacity ← 0
while (queue is not empty and totalcapacity <= CT h)

do
value.C= ExtractMax(Queue)
totalcapacity = totalcapacity + value.C
count = count+ 1

end while

B. Beamwidth Adaptation Algorithm

Beamwidth Adaptation [Algorithm 2] is important to save
power. To get the optimal beamwidth, we propose a algorithm
where EIRP is calculated for every 3◦ angle in between
minimum 3◦ to maximum 45◦.Every sector has an angle of
45◦ so beamwidth cannot be bigger than that.

We calculate the beamwidth for which EIRP is maximum.
Here Capacity of beam is also considered. Maximum EIRP
with the capacity which is lower than threshold capacity will
not be counted. Only that beamwidth will be selected which’s
EIRP is maximum with greater capacity than receiver’s.

Algorithm 2 Beamwidth Adaptation Algorithm
Input: Input : EIRP
Output: Beamwidth θ

1: procedure PRIORITY QUEUE(max EIRP )
2: for (θ = 3, θ <= 45,θ= θ3 + +) do
3: calculate CEIRPθ
4: ifCEIRPθ <= CT h then
5: Enqueue(Queue, CEIRPθ )
6: end for
7: value.θ = Extract−max(Queue)
8: return
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Fig. 3. Comparison of throughput performance under our algorithm with
relay probing, and random selection of relay
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Fig. 4. Effect of SNR threshold on average outage probability

V. PERFORMANCE EVOLUTION

In this section, we provide performance evolution to gen-
erate more insights into the derived theoretical results. As we
want to select optimal relay in mm wave the throughput must
to be higher effect of the link availability. The Fig. 3 shows the
effect of link availability on the throughput of the mm wave
communication network. We compare our algorithm with relay
probing, and random selection of relay. It has been found that
the proposed relay selection technique gives more throughput
compared to others. The proposed relay selection uses greedy
approach and does not maintain the fairness. The throughput
rises if the more relays are considered during selection.

Figure 4 shows the average outage probability raises with
the rise of SNR threshold as well as outage threshold of the
link. Moreover the less beamwidth increases the link failure
probability as node mobility is considered. But it increases the
throughout and outage probability.

VI. CONCLUSION

In this paper, we proposed two algorithms, one is relay
selection algorithm and another one is beamwidth adaptation
algorithm for mm Wave WPAN. The blocking probability of
mm Wave communication network is very high and avoiding
that probability is the main aim of this paper. A new factor
degree of mobility is introduced here to calculate weights. Path
loss and shadowing are also considered by the channel model.

Our proposed relay selection algorithm gives us the best one
or multiple relays and beam width adaptation algorithm is for
saving power. We evaluate the performance of our proposed
model with existing ones. Simulation result shows that our
proposed model performs better than the other models.

APPENDIX A
SOLUTION OF THE PATH LOSS EQUATION

The received power equation can be expressed as

PL(f, d)[dB] = 10αlog10(d) + 10βlog10(f) +Xs (13)

where β is the shadowing factor.

Assuming, B = PL(f, d)[dB], D = 10 log1 0(d)[dB], and
F = 10 log1 0(f)[dB] and consider Xs = 0 in equation (13),
then equation (13) can be expressed as

β = B − αD − γF (14)

The standard deviation of β is:

β =

√∑
(B − αD − γF )2

N
(15)

Minimizing the fitting error is equivalent to minimizing∑
(B − αD − γF )2

which means its partial derivatives with respect to α, γ should
be zero, as shown by equation (13), and equation (14)

δ
∑

(B − αD − γF )2)

2δα
= α

∑
D2 + γ

∑
DF −DB = 0

(16)

δ
∑

(B − αD − γF )2)

2δγ
= α

∑
DF+γ

∑
F 2−

∑
FB = 0

(17)
It is found from equation (16) and equation (17) that

α
∑

D2 + γ
∑

DF −DB = 0 (18)

α
∑

DF + γ
∑

F 2 −
∑

FB = 0 (19)

Through calculation, we obtain the closed form solutions
for α and γ using equation (18), and equation (19). Finally, the
minimum standard deviation of β for path loss can be obtained
by equation (15).
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