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Abstract 
 

This paper deals with tactile display using surface acoustic wave (SAW). Basic principle to indicate human 
tactile sensation, especially for roughness sensation, is described. The first prototype of the display and a 
controller are reported. A large transducer to expand the display area size is introduced. SAW indirect 
excitation method to solve size problem of the piezoelectric material substrate was proposed. According to the 
proposal a transparent SAW transducer was fabricated and installed on a LCD. With the method, fabrication of 
a large glass substrate transducer was also carried out. 
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1. Introduction 
Recently, indication of human tactile sensation attracts attentions. The indication can be applied in many fields 
such as virtual reality, computer interface and so on. To indicate the sensation, proposed devices have employed 
actuators to deform our finger skin(for example, [1]-[4]). Those actuators need some volume to install them 
behind the device surface touch area. On the other hand, ultrasonic vibration has been focused by some 
researchers to indicate the tactile sensation[5]-[9]. They have applied squeeze film effect due to ultrasonic 
vibration. Sometimes response of the effect is relatively slow to indicate a sharp sensation like roughness. 
We focused friction control using surface acoustic wave (SAW) and applied it to the actuation in tactile display. 
Properties of SAW are high operating frequency of more than a few MHz, thin structure, simple fabrication, 
easy installation of a transducer, high energy density and so on. A thin tactile display with high performance can 
be developed using SAW properties. In the case of application of the friction control with SAW, fast response 
can be expected. Therefore, indication of roughness and its difference can be expected. 
Tactile display using SAW is reported in this paper. SAW excitation method and basic structure of the display 
are described. Fabricated display and its demonstration are reported. To expand application, a new transducer 
design is proposed. Fabricated transducers according to the proposal are also reported. 
 
2. Reproduction of tactile sensation 
When we rub rough solid surface, microscopically, vibration is generated in our finger skin. The vibration is 
perceived at mechanoreceptors in the finger skin. In our brain, signals from the mechanoreceptors are processed 
according to the rubbing motion and perceived as a tactile sensation. In our approach, generation of the vibration 
in the finger was focused for tactile display. The tactile sensation of rubbing rough solid surfaces was 
considered to be controlled by changing the frequency and amplitude of the vibration according to the rubbing 
motion. 
Artificial generation of the vibration in our finger 
skin seems to be effective to reproduce the tactile 
sensation, especially roughness sensation. In our 
research, the vibration was generated by using SAW. 
Generally, operating frequency of the SAW is too 
high (more than a few MHz) for human to perceive 
directly. We applied bursting SAW to excite the 
artificial vibration. We can expect indication of 
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sharp sensation, because the SAW excitation response is fast enough for human perception. 
 
3. Surface Acoustic Wave 
Figure 1 (a) indicates the excitation of Rayleigh wave, a kind of SAW. An interdigital transducer (IDT) is 
arranged on a piezoelectric substrate (Single crystals are usually used for SAW devices). The IDT consists of a 
metal strip array. When AC driving voltage is applied to the IDT, Rayleigh wave is excited and propagates on 
the substrate surface in the direction indicated by the arrows in the figure. The frequency of the driving voltage 
is decided according to the size of the IDT, particularly pitch of the IDT electrodes. The substrate is also used as 
a medium on which Rayleigh wave propagates. In the case of Rayleigh wave, the vibration propagates with 
gathering its vibration energy of more than 90 % in the medium surface of 1 wavelength depth. Therefore, the 
substrate can be fixed easily, for instance, by applying cement on backside of the transducer. 
Standing wave of the Rayleigh wave can be generated easily by combination of two opposed progressive waves. 
To excite the standing wave, two opposed IDTs or two reflectors with IDTs are required on the piezoelectric 
substrate surface. The reflector is configured by an open metal strip array (OMSA), as shown in Fig. 1 (b). The 
IDTs and the reflectors can be formed simultaneously by using a photolithography process. 
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Fig. 2. Basic structure of SAW tactile display 
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Fig. 3. Pen-tablet type SAW tactile display 

 
4. Tactile Display 
The schematic diagram of basic structure of the SAW tactile display is shown in Fig. 2. A display operator rubs 
a stator transducer through a slider, which is consisted by an aluminum film. The film enhances the friction 
reduction effect mentioned bellow and also protects operators’ fingers from high power/frequency ultrasonic 
vibration. He/she can rub the area between the IDTs. Tactile indication principle in our research can be applied 
to pen-tablet type interface as shown in Fig. 3. In this set up, operators can enjoy the sensation while they draw a 
line with charcoal on craft paper. On the top of the pen, rubber film and the aluminum film were attached. The 
rubber film plays a role of finger skin in the basic configuration. 
While the finger travels on the SAW transducer, it experiences kinetic friction between the slider and the 
transducer, as indicated by Fig. 4 (a). When an AC driving voltage is applied to the IDTs, the SAW is excited 
and propagates on the substrate surface then forms the standing wave. Under the rubbing motion, the friction is 
reduced by mechanical vibration of the SAW, as illustrated in Fig. 4 (b). With repeat of switching the SAW on 
and off by pulse modulated driving voltages, the friction can be switched discretely. The slider experiences the 
repeat of the normal friction and the reduced friction. The repeat results in the vibration under the rubbing 
motion. Therefore, the vibration can be produced according to the switching. To recognize the controlled 
friction, the operator must rub the substrate surface with his/her finger through the slider. If the amplitude of the 
driving voltage is modulated by analog signal, the friction can be arranged continuously. This means that 
amplitude modulation as well as the switching can be applied to control the vibration on the finger and the pen 
top. 
Figure 5 indicates an example of control system for the SAW tactile display. A motion detector such as an 
encoder or a camera is attached to the display to detect the position of the finger/pen. Rubbing/drawing speed vm 
[m/s] can be calculated from derivative of the position. Frequency and duty ratio of the control pulses to switch 
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the SAW is decided according to parameters stored in the system. In our equipments, the parameters can be 
modified by a host computer. Typically, the frequency f is decided by the following equation. 

 
r

m

k
v

f =  (1) 

where, kr [m] was a stored parameter. Normally, the frequency is DC-1 kHz variable. Generated pulse waves are 
transmitted to a synthesizer and switch the driving signal of SAW. The driving signal is amplified by a RF 
amplifier and provided to IDTs on the SAW transducer in the tactile display. Basically, analogue signals can be 
applied instead of the pulse waves. In this case, the friction can be arranged precisely. Therefore, various and 
realistic tactile sensation can be expected. Amplitude modulation is applied instead of switching in the 
synthesizer. 
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Fig. 4. Friction shift by switching SAW 
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Fig. 5. SAW tactile display control system 

 

 
A prototype of the SAW tactile display was fabricated according to the principle. Figure 6 is a photograph of the 
display. A LiNbO3 wafer was applied as the piezoelectric substrate. Two IDTs were arranged on the surface and 
two reflectors were formed behind each IDT. The electrodes were covered by acrylic resin shells. In this 
prototype, rubbing motion was limited in one dimension with available rubbing stroke of 50 mm. Operator’s 
finger was guided by a linear guide with an encoder to detect the slider position. For this prototype, controlling 
system was embedded in a microcomputer (SH2/4075F) so that it could work at standalone situation. Under the 
control described above, slider apeed was measured. The result of the measurement is plotted on Fig. 7. It was 
observed that the slider vibration frequency could be controlled according to the control pulse signal. Roughness 
sensation was successfully indicated. 

 
Fig. 6. Prototype of SAW tactile display 
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Fig. 7. Measurement result of slider speed 

 
5. Transparent transducer 

Polished LiNbO3 wafer 
A LiNbO3 128° Y-cut X-prop wafer has been employed for the SAW transducer. For normal wafers of the 
material, only obverse surface was polished and reverse surface was grained. Since, the SAW material is 
typically used for signal processing for communication devices, the grain is formed to reduce noise due to 
scattering of waves on the reverse side. The LiNbO3 is originally transparent material. Commercially available 
wafers of the material, however, look like white opaque material. To achieve transparent SAW transducer, the 
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wafer with both surface polished (special-ordered wafer) was used as the SAW transducer. To excite standing 
Rayleigh wave, two IDTs were arranged on the surface, for combination of two opposed progressive waves 
builds standing wave, as mentioned above. Reflectors, which consist of an open metal strip array, were allocated 
behind the IDTs to generate the Rayleigh standing wave efficiently. Figure 8 shows a configuration of the 
electrodes. An IDT has 10 finger pairs and a reflector consisted of 120 metal strips. The operating frequency of 
15 MHz was decided so that the all electrodes could be aligned on a 4-inch LiNbO3 wafer, because electrodes 
area would be reduced with higher operating frequency. The fabricated transparent transducer was installed on a 
computer screen as shown in Fig. 9. An image was projected on the screen and was visible for operators. In this 
configuration, we can enjoy both visual information and tactile information. 
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Fig. 8. Configuration of the SAW transducer  

Fig. 9. Fabricated transparent LiNbO3 SAW 
transducer installed on PC screen 

Glass substrate transducer 
For a larger SAW transducer for a large LCD, the LiNbO3 wafer is not suitable as the elastic medium due to size 
limit for commercially available wafers, i.e. 4 inches. To overcome this limitation, we proposed a method to 
excite and propagate SAW on a non-piezoelectric material surface using a piezoelectric material. In this paper, 
the method is called “indirect excitation.” On the other hand, the conventional method (SAW is generated by the 
IDT and propagates on the piezoelectric material directly) is called “direct excitation.” For the indirect 
excitation, a combination of a piezoelectric substrate and a non-piezoelectric substrate was employed. Glass 
substrate was applied as the non-piezoelectric substrate. LiNbO3 was applied as the piezoelectric one. The glass 
substrate can be machined into a desired shape, and any size can be selected. The cost of this method is more 
reasonable than the conventional one. 
Configuration to realize the indirect excitation is shown in Fig. 10. The IDT is formed by photolithography 
process on the glass substrate. The LiNbO3 substrate is cut into a die with the same size as crossed digital 
electrodes area of the IDT and contacted to the IDT. X axis of the LiNbO3 is fitted perpendicular to IDT fingers. 
A preload is applied to the LiNbO3 die and enhances acoustic connection between the glass substrate and the die. 
If a voltage is applied to the electrodes, electric field is generated in the die and the glass substrate, as illustrated 
in Fig. 11. The field yields stress distribution inside of the die because of piezoelectricity of LiNbO3. The 
distribution produces alternative stress on the glass substrate through the electrodes, as shown in the figure. If 
the voltage is alternative, the stress can couple with an acoustic wave on the substrate. With appropriate 
frequency for the alternative voltage, the stress can couple with Rayleigh wave. 
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Fig. 10. Transducer structure for indirect excitation 
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Fig. 11. Principle of indirect excitation 

A glass transducer was fabricated on trial. The transducer consisted of a transparent glass substrate (a soda-lime 
glass) and LiNbO3 128° Y-cut X-prop dies. The glass substrate SAW transducer was assembled. For each wafer, 
the preload was provided by the combination of a beam and coil springs. The preload was measured by strain 
gauges on the beam. Dimension of the glass transducer was 100×20×3 mm3. Dimension of the LiNbO3 dies was 
12×8×1 mm3. The dies were approximately in the same size as the fingers area of the IDT. Rubbing stroke on 
this apparatus was about 70 mm. For demonstration, an LCD was equipped under the transparent glass 
transducer to display visual information, as shown in Fig. 12. On the LCD, 4 sections in different colors were 
projected. The controller could set a different roughness setting for each section. We could feel roughness 
sensation and experience as if to rub the colored images with roughness directly. 
 

 
Fig. 12. Glass substrate transducer installed on an 

LCD 
 

Fig. 13. SAW tactile display using a large glass 
transducer 

The combination of glass substrate and LiNbO3 128° Y-cut X-prop dies was used as a large SAW glass 
transducer. To excite standing wave, two IDTs were arranged on the surface, since combination of two opposed 
progressive waves builds standing wave. Figure 13 is the photograph of the glass transducer fabricated on trial. 
The transducer consisted of the transparent glass substrate (a soda-lime glass) and 6 dies of the LiNbO3 128° Y-
cut X-prop single crystal. Dimension of the glass transducer was 100×100×3 mm3. The IDT has 20 finger pairs. 
The operating frequency of 5 MHz was decided so that the all electrodes could be aligned on the substrate. The 
electrodes were formed on a glass substrate by aluminum evaporation and photolithography. Rubbing area of 
this apparatus was 90×60 mm2. Dimension of the IDT was 90×16×1 mm2. These IDTs were larger than the 
conventional one. The glass substrate SAW transducer was assembled. For each die, the preload was provided 
by plate springs and was measured independently by a strain gauge on each of them. To cover whole area of the 
IDT, 3 dies of LiNbO3 with the dimension of 30×16×2 mm3 were used for each. The preload was approximately 
25 N.  
To investigate the indirect excitation on the large glass substrate transducer, frequency response of admittance 
was measured by using a precision impedance analyzer (Agilent 4294A). The conductance curve had some 
peaks at 4.74MHz(7.0 mS), 4.83MHz(7.3 mS) and 4.94MHz(13.1 mS). The maximum value was 13.10 mS at 
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4.94 MHz. The glass substrate transducer was driven at the frequency. With the controller mentioned above, 
roughness sensation could be indicated successfully. 
 
6. Summary 
We proposed a method to indicate human tactile sensation, especially for roughness sensation. The method 
applies friction control with ultrasonic vibration. The controlled friction was utilized to excite mechanical 
vibration on operator’s finger skin. A prototype using LiNbO3 substrate was fabricated and indicated the 
roughness sensation successfully. 
To solve the size limit of the LiNbO3 wafer, Indirect excitation using combination of the large size glass 
substrate and the LiNbO3 dies was proposed. A large glass transducer was fabricated and two dimensional SAW 
tactile display could indicate the roughness sensation successfully. 
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Abstract 
 

In general machine tool structure like lathe, milling machine, broaching, and grinding machine etc  are 
subjected to regular unwanted vibration .This machine tool vibration or chatter  are deleterious to machining 
operation . It result unwanted surface roughness of machined parts, shorter tool life and excessive noise, hence 
are to be necessarily damped out. This paper shows a systematic process of reducing vibration by using 
damping material. In this paper, Glass fiber polestar is used as damping material with varying thickness. An 
end milling operation is carried out and the vibration signal is recorded on the screen of digital phosphorus 
storage oscilloscope. The signal and the RMS amplitude, frequency and time period of vibration are recorded. 
The experiment is repeated for different number of piece of material. The surface roughness of the machined 
surfaces is checked by Surface profilometer. It is observed that the vibration amplitude, surface roughness 
decreases with the increases in a optimum number of layers of damping material. 
 
Keywords: Milling machine, vibration or chatter, surface roughness, oscilloscope, Surface profilometer 
 
1. Introduction  
 
The function of the machine tool is to produce a work piece of the required geometric form with an acceptable 
surface finish at high rate of production in the most economic way [1].In fact, general purpose machine 
tools.CNC lathes and machining centers are designed to cope with low cutting speeds with high cutting forces as 
well as high cutting speeds with low cutting forces. Machine tools structure must possess high dumping, high 
static and dynamic stiffness. High cutting speeds and feeds are essential requirement of a machine tool to 
accomplish this basic function. Therefore, the material for the machine tool structure should have high static 
stiffness and damping in its property to improve both the static and dynamic performance. This static stiffness of 
a machine tool can be increased by using either higher modulus material or more material in the structure of a 
machine tool. However, it is difficult to increase the dynamic stiffness of machine tools with these methods 
because the damping of machine tool structure cannot be increased by increasing the static stiffness. Sometimes 
high specific stiffness is more important than stiffness to increase the natural frequency of the vibration of the 
machine tool structure in high speed machining [2].Often the most economic way of improving a machine tool 
with high resonance peaks is to increase the damping rather than static stiffness even though it is not easy to 
increase the damping of the machine tool structure. The chatter is a nuisance to the metal cutting process and 
can occur on any chip producing tool. Chatter or self-excited vibrant occurs when the width of cut or cutting 
speed exceeds the stability limit of machine tool [3, 4].The effects of chatter are all adverse affecting surface 
finish, dimensional accuracy, tool life and machine life [5].When the machine tool is operated without any 
vibration or chatter, the damping of the machine tool plays no important role in machining. However, the 
machine tool structure has several resonant frequencies because of its continuous structural elements. If the 
damping is too small to dissipate the vibration energy of the machine tool, the resonant vibration occurs when 
the frequency of machining operation approaches one of the natural frequencies of the machine tool structure. 
Therefore the material for the machine tool structure should have static stiffness and damping in its property to 
improve both the static and the dynamic performance. 
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1.1 Review on research done in damping of composite materials 
 
Bert [6] and Nashif al.[7] had done survey on the damping capacity of fiber reinforced composites and found out 
that composite materials generally exhibit higher damping than structural metallic materials. Chandra et al.[8] 
has done research on damping in fiber reinforced composite materials. 
Composite damping mechanisms and methodology applicable to damping analysis is described and had 
presented damping studies involving macro mechanical, micromechanical and Viscoelastic approaches. Gibson 
et al.[9] and Sun et al.[10,11] assumed viscoelasticity to describe the behavior of material dumping components. 
The concept of specific damping capacity (SDS) was adopted in the damped vibration analysis by Adams and 
his co workers [12-13].Morison[14] and Kinera et al.[15]. 
 
 
 1.2 Chatter in the milling machine 
 
The milling operation is a cutting process using a rotating cutter with one or more teeth. An important feature is 
that the action of each cutting edge is intermittent and cuts less than half of the cutter revolution, producing 
varying but periodic chip thickness and an impact when the edge touches the work piece. The tooth is heated 
and stressed during the cutting part of the cycle, followed by a period when it is unstressed and allowed to cool. 
The consequences and thermal and mechanical fatigue of the material and vibrations, which are of two kinds: 
forced vibrations, caused by periodic cutting forces acting in the machine structure and chatter vibrations, which 
may be explained by two distinct mechanism, called “mode coupling” and “regeneration waviness”, explained 
in Tobias(1965),Koenigsberger & Tlusty(1967) and Budak & Altintas(1995). 
The mode coupling chatter occurs when forced vibrations are present in two directions in the plane of cut. The 
regenerative chatter is a self excitation mechanism associated with the phase shift between vibrations waves left 
on both sides of the chip and happens earlier than the mode coupling chatter in most machining cases, as 
explained by Altintas(2000).In milling, one of the machine tool work piece system structural modes is initially 
excited by cutting forces. The waved surface left by a previous tooth is removed during the succeeding 
revolution, which also leaves a wavy surface due to structural vibrations. The cutting forces become oscillatory 
whose magnitude depends on the instantaneous chip dynamic thickness, which is a function of phase shift 
between inner and outer chip surface. The cutting forces can grow until the system becomes unstable and the 
chatter vibrations increase in a point when the cutter jumps out of the cut or cracks due the excessive forces 
involved. These vibrations produce poor surface finishing, noise and reduce the life of the cutter. In order to 
avoid these undesirable effects, the feed rate and the depth of the cut are chosen at conservative values, reducing 
the productivity. 
 
1.3 Instrumentation 
 
The following equipment is needed in recording the amplitude, frequency, period of the vibrations during the 
machining operation 

(1) Power supply unit 
(2) Vibration pick‐up 
(3) Digital Storage oscilloscope 

 

          
 
(A)Oscilloscope                                   (B)Vibration measuring probe            (C) Power supply unit 
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1.4 Composite used in the work is Glass fiber polyester 
 
Fiberglass is made from extremely fine fibers of glass. It is used as a reinforced agent for many polymer 
products; the resulting composite material, properly known as fiber-reinforced polymer (FRP) or glass-
reinforced plastics (GRP), is called “fiberglass” in popular usage. Uses for regular fiberglass include mats, 
thermal insulation, electrical insulation, reinforcement of various materials, tent poles, sound absorption, heat 
and corrosion-resistant fabrics, high –strength fabrics, pole vault poles, arrows, bows and crossbows, translucent 
roofing panels, automobile bodies, hockey sticks, surfboards, boat hulls, and paper honeycomb. 
Polyester is a category of polymers which contain the ester functional group in their main chain. Although there 
are many types of polyester, the term “polyester” as a specific material most commonly refers to polyethylene. 
Depending on the chemical structure polyester can be a thermoplastic or thermo set; however the most common 
polyesters are thermoplastics. Polyesters are used to make “plastic” bottles, films, tarpaulin, canoes, liquid 
crystal displays, holograms filters, dielectric film for capacitor, film insulation for wire and insulating tapes.   
 
 
2. Experimental Procedure 
 
The work specimen of 70mm x 55mm x 15 mm is a mild steel square plate. The glass fiber e polyester 
composite plates are thoroughly cleanse and polished. Plates are fixed on to a bench vice and the edges are filed 
to clear off the irregularities. All the plates are made to the exact dimensions for the ease of the further 
operations. All the plates are carefully made homogeneously similar to avoid interfacial vibrations and slipping. 
The work piece is then mounted onto the layered sheets of composites and tightly clamped. Initially mild steel 
plate is machined with no layer under it .A contact type magnetic base vibration pickup connected to a digital 
phosphor storage oscilloscope of Tektronix 4000 series is placed on the mild steel during the machining 
operation. The response signals with respect to amplitude, time period.RMS amplitude and frequency are 
recorded and stored on the screen of the storage oscilloscope. The number of layers is increased to 7 layers and 
the observations are recorded. The experiments are conducted for 0, 1,2,3,4,5,6,7 numbers of layers 
respectively. Finally mild steel plate is machined with no layer under it and the readings are noted and 
compared. 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      
   

Figure 1. Experiment proceed on increasing the number of damping material 
 
                                                                                                                         
An End milling cutting operation with constant feed of 16mm/min and depth of cut if .02mm is performed 
during all the experiments. An oil-water emulsion made from animal fat is used as a cutting fluid. 
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The surface roughness of the job pieces are measured on Surface profilometer .The microscopic view of the 
surfaces are shown in the Figure-2. The value of Signal Amplitude(mV), Time period(10-6 s), Frequency(KHz), 
RMS amplitude (mV), Surface roughness for different cutting conditions are tabulated in the Table-1 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
             Figure-2: Microscopic view of surface produced on different condition  
 
 

 
3. Conclusion 
 
The above result shows the variation of signal amplitude with respect to number of layers for different 
combinations of composites. It is observed that when the numbers of layers are increased, the signal amplitude 
has decreased. The maximum amplitude is obtained when no composite material was used indicating that the 

Table 1. Signal Amplitude(mV), Time period(10-6 s), Frequency(KHz), RMS 
amplitude (mV), Surface roughness for different cutting condition 

 
 
No of 
plates 

Signal 
Amplitude(mV) 

Time 
period(10-6 

s) 

Frequency(KHz) RMS 
amplitude 
(mV) 

Surface 
roughness 

0 65.6 437.5 2.286 14.1 0.96 

1 52.1 468 2.09 11.5 0.925 

2 45.8 503.8 1.87 10.2 0.88 

3 39 569.4 1.65 9.4 0.83 

4 33.6 692.5 1.444 8.06 0.80 

5 36.2 745.9 1.49 8.9 0.82 

6 47.2 799.2 1.55 10.3 0.87 

7 53.9 827 1.72 10.7 0.91 

0 1 2 3

4 5 6 7 
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presence of composite material decreases the vibration amplitude and increases counter vibration characteristics 
of the system. This shows that with increase in the plates the damping can be increased but only to a certain 
limit. Also by analyzing the surface roughness on Surface profilometer it is observed the same result. 
Hence optimum level of plates is to be decided to profitably damp out the vibrations.  
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Abstract 
 

The diffusion of mobile cameras and webcams is rapidly growing. Unfortunately, images produced by these kinds of 
sensors during the acquisition of human fingertips are very different from the images obtained by dedicated 
fingerprint sensors, especially as quality is concerned. One critical issue regarding the protection of confidential 
information or valuable items is to determine the identity of a person. Biometrics is supposed to offer this security in 
a user-friendly and secure way. One problem however is that there are ways to compromise systems based on 
biometric verification. Some of these biometrical features have known vulnerabilities. Persons with similar facial 
characteristics, e.g. identical twins, can fool face recognition system. It is also stated that identical twins have 
similar fingerprints due to the fact that they have fingerprints that belong in the same class. Recognition of a finger 
prints it is necessary to get better image quality of finger print to get better image. So designed a low cost finger 
print sensor & adjusted its various parameters to improve finger print image quality. We used optical finger print 
reader using a low cost webcam for capturing image. Image saved in computer. Edge was determined from image 
using visual C++ program of different person. The result of this experiment was not found very well because it is a 
big experiment & its program is very difficult. There are many programs we had done for finding better image. We 
had used image loading program, capturing program, image saving program, zoom in program etc.  

 
Keywords: webcams, finger print sensor, biometrics. 
 
1. Introduction 

 
The possibility to obtain fingerprint images by using low cost cameras and off-the-shelf webcams has a great 
practical importance since nowadays fingerprint biometrics can be successfully achieved only by using dedicated 
sensors. The diffusion of general purpose cameras is rapidly growing, and they can be found easily on laptops and 
cellular phones. Unfortunately, the images of human fingerprints acquired from these kinds of sensors are very 
different from the images obtained by dedicated fingerprint sensors. In order to exploit the paramount variety of 
techniques now available in the literature to achieve verification and recognition by fingerprint biometrics it is 
important to process the camera image of the fingerprints so that they are as similar as possible to the images 
produced by dedicated sensors. The approach that we propose aims to allow for using the webcams as an 
interoperable device for fingerprint biometrics. For example, the proposed approach allows for exploiting a webcam 
as a fingerprint biometric sensor on a personal computer in case of a dedicated sensor is not available or a dedicated 
sensor is not required by the desired security level for the envisioned application. 
 
There are different types [2] of techniques for finger print processes are optical readers, electro-optical readers, 
capacitance base finger print sensor, silicon chips, TFT base finger print sensor, RF field - AC capacitance base 
finger print sensor, RF field - AC capacitance Resistive membrane on silicon, TFT, Tactile MEMS, thermal base 
finger print sensor and ultra-sound base finger print sensor. 
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Figure 2: Sensor Design 
 
 
 
 
 

 
 

3.1Experimental setup: 
 

 
 

 
Figure 3:Experimental setup for fingerprint sensor 

 
3.2 Working principle of the project 
There was Logitech C110 for this project. It was a 1.3 megapixels device that had optical fingerprint reader. 
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Finger tip image was stored in a computer by changing different parameter of illuminator. There were three 
illuminators such as- illuminator 1, illuminator 2 & illuminator 3. The image was captured by changing different 
condition of illuminator & different condition i.e. day & night. The changing condition of illuminator is low, high & 
medium. 
The fingerprint open source fingerprint recognition library was used to handle image capture, enrollment and 
improve image quality. As stated in the current model is that a fingerprint was enrolled and the pre-stored finger tip 
image quality was improved by using Gaussian filter & image equalizes histogram. 
A small application was written to initialize the device and capture the image using fingerprint open source library 
functions. We had to resolve Linux-compilation, link-load errors. These errors were due to the way which static and 
dynamic libraries have to specified for compilation and linking an application. 
Capturing Image was stored using C++ program in computer. 
 
3.3 Experimental scenario 
The main function of the sensor is used for capturing finger print tip image. We captured finger tip image of 
different person for saving computer in different condition. 

 
 

Fig3: Internal view of finger print sensor 

 
4. Methodology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: System fingerprint image processing 
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5.1 Experimental data 
 

Table 1: Image Captured by Webcam in night 
 

 
 
 

Table 2: Finger Crop Image 
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Table3: Image captured in day light 
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Table4: Finger Gray Image 
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Table5: Finger crop image & gray image in day 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Results 
 

Table 6: The good image was found below this following condition 
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Fig 6.1: Noise image  Fig 6.2: Good image 
 

 
7. Conclusion 
 
In this experiment we used different types of C++ program for getting good & improve image. The C++ program 
such as Image loading program, Image capturing and saving program, Image resize program. 
Image converts to gray, Image smoothing program, Images zoom in program, Image ROI program, Image 
background remover program, Image cropped program, Image histogram equalize program. At first loaded image, 
then captured and saved the image in a computer. We resized this image and converted into gray image, then 
smoothing in the gray image. Now we removed the back ground for finding good image. But in this process there 
was much noise in the image. Then we try to reduce the noise, so we used zoom in function for seeing this image in 
large form. Then we enhanced the image, but in this case we did not get good minutiae. Again we used ROI 
program, then cropped and histogram equalize program. In this case, we got improve image compared to previous 
image. But this image was also noise. So finally we captured image by changing the parameter of illumination i.e. 
low, medium & high. We captured image in day light & night by changing parameter of illuminator. The captured 
image was nice in day light than night. These images can be used for finger print recognition but it is need further 
process.  
In this project the proper illumination system development has been found difficult for this application, because the 
environment condition for illumination causes some spots in the images.For noise removal of the images we have 
used Gaussian Filter. We have also used Histogram Equalization for image contrast of the image. 
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Abstract 
 

This paper describes an implementation of a remote controlled robotic arm with six degrees of freedom which is 
able to pick an object with a specific weight and can place them in a desired location. The method of design of 
the remote controlled robotic arm consists of two stages. First stage is the construction of the mechanical 
structure following modular concept with six degrees of freedom and the second is to design the interface of 
components of the robotic arm to control it via a wireless joystick. To ensure ease of use, wireless system is 
introduced in this robotic arm. This kind of the arm can be applied in industrial sectors where automaton is 
profoundly needed. 
 
Keywords: Automation, AVR Microcontroller, Arduino, Mobile robot, Ease of use, Modular design, Ease of 
maintenance, Wireless, Joystick. 
 
1. Introduction 
 
As technology increases, robots not only become self-sufficient through autonomous behavior but actually 
manipulate the world around them. Robots are capable of amazing feats of strength, speed, and seemingly 
intelligent decisions; however, this last ability is entirely dependent upon the continuing development of 
machine intelligence and logical routines [1]. Industrial robots should perform complex tasks in the minimum 
possible cycle time in order to obtain high productivity. Robotic arm is one of the key developments in the field 
of industrial robotics. This paper describes design and implementation of a remote controlled robotic arm with 
six degrees of freedom which is able to pick an object with a specific weight and can place it at a desired 
location. The programming of the arm is done on an ATMEGA-328P Microcontroller using Arduino 
programming. The input is given using a wireless joystick that is also programmed with an ATMEGA-8 
Microcontroller. To ensure ease of use, wireless system is introduced in this robotic arm. The wireless system is 
implemented using wireless transceiver.  
 
2. Design of the Robotic Arm 
  
The design methodology of the remote controlled robotic arm consists of two stages.  First stage is the 
construction of the mechanical structure following modular concept with six degrees of freedom and the second 
is to design the interface of components of the robotic arm to control it via a wireless joystick. The robotic arm 
movement depends upon the angular movement of the joint. Joint movement determines the required power. 
The joint movement must be adjusted to stay within the power available on the robotic system to be used. 
Friction must also be considered in relation to robotic arm movement [2]. 

 
2.1 Mechanical structure of robotic arm 
 
The robotic arm described in this paper consists of two basic elements, a basic structure and a wrist. The basic 
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structure consists of base, waist, shoulder, arm, elbow and forearm which are the first five links (bodies) of this 
robotic arm and the other link is called its wrist or hand (Figure 1). A robot link is a solid mechanical structure 
which connects two joints. The main purpose of robot links is to maintain a fixed relationship between the joints 
at its ends [3]. A robot manipulator consists of links connected by joints driven by separate motors. The wrist is 
designed for orienting the end effector to do a task or to grasp an object.  Rotating motion of wrist enables this 
robotic arm to grasp an object from different angle. 
 

 
 

Fig. 1. Basic structure of the robotic arm. 
 
It is shown that maintenance difficulty arrives seriously after completing the manufacturing process of a robotic 
arm for the absence of modular concept in its design. Modular design is a form of standardization. Modules 
represent groupings of component parts into subassemblies, usually where individual parts lose their separate 
identity. One advantage of modular design of equipment compared with nonmodular design is that failures are 
often easier to diagnose and remedy because there are fewer pieces to investigate. Similar advantages are found 
in ease of repair and replacement; the faulty module is conveniently removed and replaced with a good one [4].          
 
2.2 Degree of freedom 
 
Robotic systems are characterized by their degrees of freedom (DOF) [2]. Each degree of freedom is a joint on 
the arm, a place where it can bend or rotate or translate. One can typically identify the number of degrees of 
freedom by the number of actuators on the robot arm. Each degree requires an actuator, often an encoder, and 
exponentially complicated algorithms and cost. The robotic arm described in this paper has six degrees of 
freedom as shown in figure 2. Link 1 (J1) allows waist rotation (Ө1) about y-axis, link 2 (J2) allows arm rotation 
(Ө2) about an axis which is perpendicular to the y-axis that means z-axis, link 3 (J3) allows rotation (Ө3) of 
forearm along elbow about an axis which is parallel to the z axis, link 4 (J4) allows rotation (Ө4) of wrist along 
y-axis, link 5 (J5) allows a linear movement (L1) of shoulder along x-axis and link 6 (J6) allows upward and 
downward movement (L2) of base along an axis which is parallel to the z-axis. 
 
2.3 Overview of links 
 
• Link 1: At J1, waist is adjusted into the hollow cylindrical portion of base. Two tapered bearing has used to 

facilitate the rotation of waist into the hollow cylinder.  
• Link 2: At J2, two gears are coupled. A motor has used for the angular movement of arm using gears as 

power transmission medium.  
• Link 3: At J3, for the angular movement of forearm, power is transmitted through chain & sprocket system. 

The motor which is used for the angular movement of forearm, has been in such a way that it’s shaft meet at 
the same level to the motor shaft which is used for link 2. 

• Link 4: At J4, wrist can be rotate as requirement to grasp an object. A small ball bearing has used here to 
facilitate wrist rotation.  

• Link 5: At J5, shoulder can be moved through the waist with sliding motion. Here rack & pinion are used as 
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the power transmission medium.  
• Link 6: At J6, base can be moved to upward and downward direction along with slots into the rectangular 

box. To facilitate this vertical motion an automotive lifting system has used at J6. 
 

 
 

Fig. 2. Robotic arm with six degree of freedom 
 
2.4  Robot workspace (Work Volume)  
 
The robot workspace (sometimes known as reachable space) is a collection of points that the end effector 
(gripper) can reach. The workspace is dependent on the DOF angle/translation limitations, the arm link lengths, 
the angle at which something must be picked up at, etc. The workspace is highly dependent on the robot 
configuration. The table below describes the workspace for the designed robotic arm. 

 
Table 1. Movement range of basic structure 

Structure Movement type Maximum allowable 
movement 

Waist Rotation(Ө1) 0<Ө1 ≤360° 
Arm Rotation(Ө2) 0<Ө2 ≤180° 

Forearm Rotation(Ө3) 0<Ө3 ≤200° 
Wrist Rotation(Ө4) 0<Ө4 ≤360° 

Shoulder Linear(L1)  0<L1≤8 inch 
Base Linear(L2)    0<L2≤12 inch 

 
2.5 Ease of maintenance 
 
During operation with heavy load any portion of this robotic arm may be hampered or needed to be upgraded. 
Because of modular design every portion of the structure of this robotic arm is independent. As a result skilled 
person is not necessary for the reassembling or assembling the total structure of this robotic arm. For these 
reason it is very easy for someone to work with any portion of the structure without disturbing other portion. 
Efficient design of this robotic arm enables one to lubricate it properly without any complexity. The design of 
this robotic arm also facilitates the scope if any upgrades are needed for the robotic arm to cope with any new 
advanced process layout or to facilitate production work [10]. 

 
3. Implementation Process 
 
The implementation process consists of two parts, the first one is designing the motherboard for the robotic arm 
to control the motor and the second one is designing the wireless control interface for the wireless joystick to 
operate the robotic arm remotely. 
 
3.1 Robot motherboard 
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The theory behind control systems and how they control motors and other devices is the foundation of all 
modern electromechanical systems. Using control system mathematics and theory, we can design systems that 
do nearly anything we want, to the granularity that we desire, in the amount of time that we desire. Control 
system theory can be broadly broken up into two major categories: open loop control and closed loop controls. 
Open loop control is by far the simpler of the two types of control theory. In open loop control, there is some 
sort of input signal (digital or analog), which passes through amplifiers to produce the proper output and then it 
passed out from the system. Open loop controls have no feedback and require returning input to zero before the 
output return to zero. In general open loop control means send electrical signals to an actuator to perform a 
certain action, like connecting a motor to a battery. In this scheme of control, there is no any other mean for 
controller to make sure that the task was performed correctly and it often needs human intervention to obtain 
accurate results. A very simple example of open loop control is the remote controller of an RC toy car. The 
human have to constantly check the position and the velocity of the car to adapt to the situation and move the 
car to the desired place. We have employed the advanced close loop control system [7] to operate the motors for 
our robotic arm. Closed- loop control system is implemented using a common communication medium (wired 
or wireless), network quality strongly influences the performance of the control solution. Specifically, time 
delays governed by deterministic and stochastic processes are often introduced by the network [8]. In closed 
loop control, the system is self-adjusting. Data do not flow one way. It may pass back from a specific amplifier 
(such as velocity or position) to the start of the control system, telling it to adjust itself accordingly .Many 
physical systems have closed loop control at the lowest level since the data about velocity and current position 
modify the output (also position) at a consistent rate. We need some mean of gaining information about the 
rotation of the shaft like the number of revolutions executed per second, or even the precise angle of the shaft. 
This source of information about the shaft of the motor is called “feed-back” because it sends back information 
from the controlled actuator to the controller. It is clear that the closed loop system is more complicated because 
it needs a ’shaft encoder’ which is a devise that will translate the rotation of the shaft into electrical signals that 
can be communicated to the controller. Ploplys et al.[9] Implements a closed- loop control solution for an 
inverted pendulum using a wireless sensor network communicating upon the IEEE 802.11 b communication 
standard. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
Fig. 3. Closed loop motor control via wireless joystick. 

 
The close loop motor control block diagram is shown in the figure 3 above. The heart of this control system is 
the ATmega328P microcontroller. The wireless receiver module receives the wave signal transmitted by the 
wireless joystick transmitter module. Then the module decodes the wave signal and sends to the ATmega328P 
microcontroller through UART. UART is stands for Universal Asynchronous Receiver Transmitter. It is widely 
used as protocol for communicating with the microcontroller. Then the microcontroller sends the motor 
controlling signal to the L298 motor driver IC according to received wireless signal. The motor control circuit is 
shown in figure 4. The rotary encoder is attached with each motor, which sends clock pulse to the 
microcontroller when the motor shat rotate. The number of pulse send by the rotary encoder for each motor in 
one revolution of motor shaft is fixed. By counting the number of pulse the microcontroller calculate the current 
position of the arm internally and if any error found with the position of the arm and receiver module received 
position then the position is fixed by sending the necessary signal to the motor driver. In this way the close loop 
control system is applied effectively to control the position of the arm. 
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3.2 Programming platform 
 
Arduino, an open-source electronics prototyping platform, has been used for Programming the robotic arm and 
the Arduino UNO board has been used for our Robotic arm motherboard. The Arduino Uno is a microcontroller 
board based on the ATmega328P [5]. It has 14 digital input/output pins of which (6 can be used as Pulse Width 
Modulation (PWM) outputs), 6 analog inputs, a 16 MHz ceramic resonator, a USB connection, a power jack, an 
ICSP header, and a reset button. There is also a free Arduino IDE for Programming the Arduino board that has 
been used for compiling and uploading the hex code to the microcontroller. The Programming language used in 
Arduino IDE is C++. 

 
3.3 Wireless joystick 
 
Joystick circuit diagram is shown in figure 5. Radio Frequency (RF) Transceiver Module has been used for 
wireless communication. A RF Module is a small electronic circuit used to transmit and/or receive radio signals 
on one of a number of carrier frequencies. RF Modules are widely used in electronic design owing to the 
difficulty of designing radio circuitry and it is very cheap to buy from market. Good electronic radio design is 
notoriously complex because of the sensitivity of radio circuits and the accuracy of components and layouts 
required achieving operation on a specific frequency [9]. 
 

 
 

Fig. 4. Motor control circuit diagram. 

 

Fig. 5. Joystick circuit diagram. 
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ATmega8 microcontroller is used in joystick to send the wireless signal to the robot [5] [6]. The microcontroller 
scans continuously the keypad and detects the pressed button. The joystick is able to detect multiple key presses 
at the same time. . After detecting the buttons which are pressed down, microcontroller encode the key pressed 
data and send it to the wireless transmitter module. The transmitter transmits the data in the form of wave. 
 
4. Results & Discussions  
 
The photographic view of our implemented remote controlled robotic arm is shown in figure 6. It is able to lift 
the objects of medium weight up to 1.6 pound. Three contributions of our work are: (i) This can be employed in 
places where precision and accuracy is required, (ii) This robot can also be employed where human hand cannot 
penetrate. (iii) These  robots  have  a  wide  range of applications  such  as  pick  and  place. 
This robot arm can be used for various applications, few of them are: (i) To lift objects, (ii) To lift nuclear 
wastes without harming the humans, (iii) Prototype for a Bomb disposal robot. 
 

                                                            
 
                                               Fig. 6. Robotic arm lifting objects of average 
 
5. Conclusion & Future work 
 
Our robot developed with an implementation of Arduino Uno microcontroller board based on the ATmega328P, 
can be guided with six degrees of freedom. We used geared motors for their high torque at low speeds, in 
exchange for a highly-reduced brushless or brushed motor. These design tradeoffs were chosen for the 
envisioned target application of robots interacting with unstructured environments such as a typical home or 
workplace, where the safety of intrinsic mechanical compliance is an important design consideration. These 
robots have a wide range of industrial and medical applications such as pick and place robots, surgical robots 
etc. This robotic arm so far designed is able to lift the objects. In order to extend it to some extent, more 
advanced tools and material are to be used for mounting the tools which are grasped by mechanical grippers 
include the spot or arc welding gun, spray painting gun, drilling spindle, grinder wire brushes, and heating 
torches. Then it will be fit for paints, ceramics, and foundry shop as well as for automotive industry. 
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Abstract 
 

This paper represents hand gesture recognition with artificial neural network. Visual Interpretation of gestures 
can be useful in accomplishing natural Human Computer Interactions (HCI). In this paper we proposed a 
method for recognizing hand gestures. We have designed a system which can identify specific hand gestures and 
use them to convey information. In this system we select the feature vectors by Biorthogonal Wavelet Transform. 
We have used supervised feed-forward neural network based training and Scaled conjugate gradient 
Backpropagation algorithm for classifying hand gestures into ten categories: A,B,C,D,G,H,I,L,V,Y . This system 
gives us good performance for recognizing the gestures. We can get up to 82% correct results on a particular 
gesture set. 

Keywords: ANN, HMM, Radon Transformation, Human Computer Interaction, SCG. 
 
1. Introduction 

 
With the development of ubiquitous computing, computer is becoming more and more important in our daily 
life. Computer applications require more and more unrestricted interaction between human and computers. Hand 
gesture is frequently used in people’s daily life. A gesture is spatio- temporal pattern, which may be static or 
dynamic or both. One of the most structured sets of gestures belongs to sign language. In sign language, each 
gesture has an assigned meaning (or meanings). It involves relative flexure of the user's fingers and consists of 
information that is often too abstract to be interpreted by a machine. Applications of hand gesture recognition 
widely range from teleoperated control to medicine. For instance, transform of human hand motion for 
telemanipulation is especially important in hazardous environment. Another important application of hand 
gesture recognition is to improve the quality of life of the deaf or non-vocal persons through a hand-gesture to 
speech system. Due to congenital malfunction, disease, head injuries, or virus infections, deaf or non-vocal 
individuals are unable to communicate with hearing people through speech. Deaf or non-vocal persons use sign 
language or hand gestures to express themselves. However, most hearing people do not have the special sign 
language expertise. This is a major barrier between these two groups in daily communication. To overcome this 
barrier to help those people to integrate into society is a very challenging research area. 
The first gestures that were applied to computer interactions date back to the PhD work of Ivan Sutherland [1], 
who demonstrated Sketchpad, an early form of stroke-based gestures using a light pen to manipulate graphical 
objects on a tablet display. This form of gesturing has since received widespread acceptance in the human-
computer interaction (HCI) community. In the last decade, several methods of potential applications [2], [3], [4] 
in the advanced gesture interfaces have been suggested but these differ from one to another in their models. 
Some of these models are Neural Network [2], Fuzzy Systems [3] and HMM [4], [5], [6], [7].Viola uses integral 
images as Haar wavelet features in rapid object detection [8]. Integral images allow for the fast implementation 
of box type convolution filters, which makes very fast feature extraction. Farid Parvini and Dennis McLeod 
presented hand gesture recognition by feature subset selection utilizing Bio-Mechanical characteristics [9]. 
Hasanuzzaman et al. [10] presented a real-time hand gesture recognition system using skin color segmentation 
and multiple-feature based template matching techniques. In their method, the three largest skin-like regions are 
segmented from the input images by skin color segmentation technique from YIQ color space and they are 
compared for feature based template matching using a combination of two features correlation coefficient and 
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minimum (Manhattan distance) distance qualifier. Ho-Sub et al. [11] introduced a hand gesture recognition 
method, which used the combined features of location, angle and velocity to determine the discrete vector that is 
used as input to HMMs. This method runs over the alphabets (A-Z), numbers (0-9) and six edit commands. Wu 
[12] developed a hand gesture recognition system for media player control. The system firstly separated the left 
arm by background subtraction and detected the straight line by both Hough transform and Radon transform. 

In this paper we proposed a system where we select the feature vectors by Biorthogonal Wavelet 
Transformation for recognizing static hand gestures. Here a supervised feed forward neural network has been 
used with Scaled conjugate gradient Backpropagation learning with a hidden layer having the output nodes 
representing classes of static hand gesture classification. 
 
2.  System Overview 

 
We propose an automatic system that recognizes static hand gesture for alphabets (A,B,C,D,G,H,I,L,V,Y) using 
Biorthogonal Wavelet Transform. In particular, the proposed system consists of several steps.In the first step 
images are at first read and then pre-processed. Then noise is removed from the image by using filters. In the 
next step the proposed method detect the edge from the images and then compute projections of an image along 
specified directions by RT (Radon Transformation). After that, the Biorthogonal Wavelet Transformation is 
performed on the projections of an image which we get from the RT (Radon Transformation). Then the gestures 
are trained by supervised feed-forward neural network and then testing is performed. After the completion of 
testing period the gestures are recognized. 

3. Feature Extraction Algorithms 
 
In our proposed system 3 feature extraction algorithms are used. All the algorithms are necessary for 
recognizing the gestures appropriately.  
 

I. Canny Edge detection Algorithm: 
The Canny algorithm uses an optimal edge detector based on a set of criteria which include finding the most 
edges by minimizing the error rate, marking edges as closely as possible to the actual edges to maximize 
localization, and marking edges only once when a single edge exists for minimal response. According to Canny, 
the optimal filter that meets all three criteria above can be efficiently approximated using the first derivative of a 
Gaussian function. 

,
 

....................................................................................................................... (3.1) 
,       

 

........................................................................................................................... (3.2) 
,       

 

........................................................................................................................... (3.3) 
The first stage involves smoothing the image by convolving with a Gaussian filter. This is followed by finding 
the gradient of the image by feeding the smoothed image through a convolution. The 2-D convolution operation 
is described in the following equation. 
            , , ,  
                         =∑ ∑  ,  , ...…………................................................................. (3.4) 
 
Where: g (k, l) = convolution kernel 
I(x, y) = original image 
I’(x, y) = filtered image 
2N + 1 = size of convolution kernel 
 

II. Radon Transformation: 
 

In mathematics, the Radon transform in two dimensions, named after the Austrian mathematician Johann 
Radon, is the integral transform consisting of the integral of a function over straight lines. The transform was 
introduced by Johann Radon (1917). Radon further included formulas for the transform in three-dimensions, in 
which the integral is taken over planes. 
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Applying the Radon transform on an image ,  for a given set of angles can be thought of as computing the 
projection of the image along the given angles. The resulting projection is the sum of the intensities of the pixels 
in each direction, i.e. a line integral. The result is a new image , . This can be written mathematically by 
defining  

cos sin ……………………………………………………………………………………………………. (3.5) 

after which the Radon Transformation can be written as 

, ,∞
∞

∞
∞ ……………………………...……………………… (3.6) 

Here,  is dirac delta function. 
 

A projection of a two-dimensional function ,  is a set of line integrals. The radon function computes the 
line integrals from multiple sources along parallel paths, or beams, in a certain direction. The beams are spaced 
1 pixel unit apart. To represent an image, the radon function takes multiple, parallel-beam projections of the 
image from different angles by rotating the source around the centre of the image. The following figure 1 shows 
a single projection at a specified rotation angle. 

 

                                         
 

Fig.1. Parallel-Beam Projection at Rotation Angle Theta 

For example, the line integral of ,  in the vertical direction is the projection of ,  onto the x-axis; the 
line integral in the horizontal direction is the projection of  ,  onto the y-axis. The following figure shows 
horizontal and vertical projections for a simple two-dimensional function. 

 

 Fig.2. Horizontal and Vertical Projections of a Simple Function 
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III. Biorthogonal Wavelet: 

 
A biorthogonal wavelet is a wavelet where the associated wavelet transform is invertible but not necessarily 
orthogonal. Designing Biorthogonal wavelets allows more degrees of freedom than orthogonal wavelets. One 
additional degree of freedom is the possibility to construct symmetric wavelet functions. The first example of 
biorthogonal wavelet basis was constructed by Tchamitchian (1987). Before discuss about the biorthogonal 
wavelet, we will review briefly on orthogonal wavelet. 

 
4. Hand Gesture Recognition System 

Hand Gesture Recognition is a complex but one of the benchmark problem in pattern recognition research. In 
our proposed technique two major steps are to simulate- Image processing and neural network construction. As 
MATLAB contains image processing toolbox and neural network toolbox as well, so to perform this work 
MATLAB was chosen. 

The total work is performed in several steps which are image pre-processing, feature extraction, training by 
neural network, testing and finally recognizing the hand gesture. The whole process can be demonstrated by the 
following block diagram. 
 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Fig.3. Block diagram of Hand Gesture Recognition System 
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I.  Image Pre-processing: 
 

Before feature extraction of an image, image pre-processing is a necessary step. Image pre-processing is used 
for operations on images at the lowest level of abstraction. The pre-processing do not increase image 
information content but decrease it if entropy is an information measure. For example as Histogram 
equalization, it modifies the brightness and contrast of the image, making the image look clearer. 
 In our proposed system image pre-processing is combined of several steps. Our image database [14] was 
already in the gray scale format, so we did not need to convert in gray scale format. Considering the uniform 
background is white, first of all we resize all the images. Then we remove the noise from them by Gaussian 
lowpass filter using gaussian function and imfilter function. Converting the images into the binary scale by 
im2bw function we finished our image pre-processing task. 

 
II. Feature Extraction: 

 
Feature Extraction is a very important task for any system based on artificial neural network. Selecting good 
feature increase performance of the system. In our proposed system feature extraction is done by the following 
three steps. 
A. Edge Detection: In an image, an edge is a curve that follows a path of rapid change in image intensity. 
Edges are often associated with the boundaries of objects in a scene. Edge detection is used to identify the edges 
in an image. 
In this system we detect the edges of an image by Canny edge detection algorithm, because this edge detector 
performs better than reference algorithms. 
 

. 
   Fig. 4. Edge detection by Canny Edge Detection Algorithm 
B. Radon Transformation: After the detecting the edges of the image, computation of  the multiple parallel-
beam projections of the image from different angles by rotating the source from 0° to 180°  was performed 
around the center of the image.  
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Fig. 5.  Plotting of Radon Transformation of an image at angles from 0° to 180°. 

In Figure 5 we see that some sine waves appears, it is because the Radon transform of a Dirac delta function(δ) 
is a distribution supported on the graph of a sine wave. Consequently the Radon transform of a number of small 
objects appears graphically as a number of blurred sine waves with different amplitudes and phases. For that 
reason the Radon transform data is often called a sinogram. 

C. Biorthogonal Wavelet Transform: By performing biorthogonal wavelet transformation on the computed 
projection which we obtained from the Radon Transformation, the final feature for our recognition system is 
selected. We used   biorthogonal wavelet 3.7 in this system. 
 

 
 
           Fig.6. After Biorthogonal wavelet transform 
 

III.Training By Neural Network: 
For training the feature by neural network, the most important portion is that to create a neural network first and 
to feed the inputs in that network. In MATLAB for creating a feedforward neural network a built-in function 
named newff was used here. For training the network with scaled conjugate gradient backpropagation trainscg 
function is used as a network training function. 
 
The performance function is specified according to error calculation. In our program we used mse (mean 
squared error) performance function. The error is calculated as the difference between the target output and the 
network output. Then the mean squared error is calculated. 
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∑ ∑ ............................................................................................ (4.1) 
A very important term for the learning procedure is Epoch. The term epoch means a single pass through the 
entire learning process. When the input vector is pass through the learning procedure the entire process then said 
to be an epoch. In our program the maximum number of epoch is assigned to 10000. More epochs consume 
more time for learning. If the number of epoch is less, the learning might be incomplete. Then the probability of 
error increases. 
The following parameters we have used for neural network in our program     
Number of epoch: 10,000 
Number of hidden neurons: 10 
Performance Goal: 0.00001 
Learning rate: 0.1 
Epochs between showing progress: 50 
Training Time: 2s 
 
5. Experimental Result: 

 
The proposed method was tested on five different users showing ten gestures such as A,B,C,D,G,H,I,L,V,Y. 
Table 1 shows the recognition results of 10 gestures of 5 users. 

 
 

Fig.7. Finger spelled Alphabet (Top row [A, B, C, D, and G], Bottom row [H, I, L, V, Y]). 
 

 
 
Table 1: Recognition rate of hand gestures using proposed method for 10 gestures and 5 users 

 

 
 
 

 
 

 
      Gesture 
 
User 

 
A 

 
B 

 
C 

 
D 

 
G 

 
H 

 
I 

 
L 

 
V 

 
Y 

 
% 

      1   9/10 
 (90%) 

8/10 
(80%) 

7/10 
(70%) 

7/10 
(70%) 

7/10 
(70%) 

6/10 
(60%) 

8/10 
(80%) 

8/10 
(80%) 

6/10 
(60%) 

6/10 
(60%) 

72% 
 

2  8/10 
(80%) 

6/10 
(60%) 

8/10 
(80%) 

7/10 
(70%) 

7/10 
(70%) 

8/10 
(80%) 

8/10 
(80%) 

5/10 
(50%) 

7/10 
(70%) 

8/10 
(80%) 

72% 
 

3  8/10 
(80%) 

5/10 
(50%) 

6/10 
(70%) 

8/10 
(80%) 

9/10 
(90%) 

8/10 
(80%) 

6/10 
(60%) 

6/10 
(60%) 

8/10 
(80%) 

7/10 
(70%) 

71% 

4  9/10 
(90%) 

10/10 
(100%) 

10/10 
(100%) 

7/10 
(70%) 

7/10 
(70%) 

9/10 
(90%) 

5/10 
(50%) 

6/10 
(60%) 

7/10 
(70%) 

6/10 
(60%) 

76% 

5 7/10 
(70%) 

6/10 
(60%) 

9/10 
(90%) 

5/10 
(50%) 

9/10 
(90%) 

8/10 
(80%) 

9/10 
(90%) 

8/10 
(80%) 

6/10 
(60%) 

7/10 
(70%) 

74% 

Total 82% 70% 80% 68% 78% 78% 72% 66% 68% 68%  
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We have plotted the Iteration versus Error Curve for the different users of 10 gestures. 

 

 
 

Fig.8. Iteration versus error curve for user 1 
 
The Fig.8 shows that with iteration the error reduces. For other users the error also reduces as the iteration 
increases. For convenience here another curve is shown for user 3. 
 

 
 

Fig.9. Iteration versus error curve for user 3 
 

6. Discussion: 
 

Artificial Neural Networks (ANN) has been applied to an increasing number of real-world problems of 
considerable complexity. Their most important advantage is in solving problems that are too complex for 
conventional technologies, i.e., problems that do not have an algorithmic solution or for which an algorithmic 
solution is too complex to be found. Here we applied ANNs to the problem of differentiating between the 10 
static hand gestures with very good results. In order achieve high accurate result; we applied radon 
transformation and biorthogonal wavelet transformation formation for selecting the feature. For faster training 
we used scaled conjugate gradient backpropagation .The accuracy can be achieved up to 82% for a particular 
gesture set. 
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7. Future Work: 
 

We only recognized and classify the static hand gestures, so dynamic hand gesture recognition will be more 
useful for any of this related applications. The future work also will focus on the advanced feature-level 
algorithms for improving more accuracy of hand gesture recognition 
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Abstract 
 

The purpose of this paper is to investigate experimentally the effect of frequency and amplitude of vibration on 
yarn tension as well as the friction of ring-traveller. An external vibration generating facilities is created and 
placed in a miniature ring spinning frame to generate and apply vibration to ring. The experimental miniature 
ring spinning frame has the facility to vary the spindle speed, frequency and amplitude of vibration. During the 
experiment, the spindle speeds vary 12000 – 8000 r.p.m. The amplitude of vibration for this work was varied 0 
mm to 1.25mm and frequency varied 0-800 Hz. Studied have shown that ring-traveller friction is influenced by 
the variation of the amplitude and frequency of vibration. Results are compared with different parameters of 
vibration status respective to spindle speed. It was found that yarn tension and friction between ring and 
traveller was depending on the parameters of vibration. 
 
Keywords: Friction, Vibration, Frequency, Amplitude, Ring, Traveller and Yarn tension 
 
1. Introduction 
 
Ring spinning is a popular spinning system for making spun yarn from cotton, wool and different man-made 
staple fiber in the textile industry. According to strength of product (yarn), this system is best and this system is 
flexible and most widely used spun yarn manufacturing system.  But low productivity is one of the remarkable 
limitations of this system due to the limited speed (max 40meter/sec) of traveller. Traveller speed is limited for 
high friction between ring and traveller, which increase the temperature of traveller and finally it breaks.[1-4]  
The co-efficient of friction between the contacting surfaces depends on type of material, surface characteristics 
and conditions, relative motion and vibration etc.[5-8] Vibration may increase or decrease friction depending on 
surface characteristics, area of contact, sliding velocity, contact pressure and temperature etc. [9-15]  It is known 
that frictional force may increases or decreases depending also on the vibration parameters. It can be noted that 
there are no established correlation between co-efficient of friction and vibration related parameters. 
Considering the above findings and lack of correlation, the present research was aimed to study the effect of 
frequency and amplitude of vibration on yarn tension and as well as friction between ring and traveller of a ring 
spinning frame. 
 
2. Theoretical  Analysis 
 
The forces acting at the traveller on the contact of ring owing to its rotational motion with the tension of yarn is 
analyzed and at the condition of equilibrium in the three orthogonal directions is founded the following three 
equations:- 

1coscoscos ενα TU TSTC −+=   (1) 

αεµ sincos 2 UT TTS =+      (2) 

MgSTT += νε sincos 3      (3) 
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Fig. 1.  Forces acting on traveller 

 
Here C = MRω² is the centripetal force required to keep the traveller rotating R = is the radius of rotation of the 
center of gravity of the traveller, M = mass of the traveller  

UT = yarn tension at traveller in the package side, µ = the co-efficient of friction between ring and traveller, α = 
the winding angle,  S = the normal  reaction between  ring and  traveller 
At equilibrium condition and simplification of equation no.1, 2 and 3 with different logical assumption, the 
following equation is found  

CaTT µ≅   (4) 
But C is always constant for same spindle speed and traveller weight 
So it can be written    

µaTT ≈    (5) 
Now it is clear that Yarn tension depends on ring traveller and yarn traveller friction. 
 
3.  Experimental setup 
 
An experimental set-up was designed and fabricated such that it can transmit vibration to the existing ring of a 
spinning frame. In this set up (Figure.2) the to and fro motion along the radial direction of an arm is used to 
vibrate the ring base. The construction and working principle of the set-up is given bellow. 
 
1=  variable frequency drive, 2 = Motor, 3,4 = Step pulley , 5=   Bobbin rail, 6 =  Bolt, 7=  Nut, 8 = Fluted 
spindle, 9 = Fluted spindle supporter, 10= Connector with frame, 11=  Supporter attachment, 12= To and fro 
motion    transferring arm, 13= Nut, 14= Helical Spring, 15=  Ring  16=  Ring fitting frame, 17 = Ring rail, 18  
=Bobbin rail, 19= Motor pulley, 20= Variable frequency drive, 21= Motor. 
 
 
 



    
 

Page | 116  
 

 
Fig. 2. Schematic diagram of the experimental set-up [16] 

 
A spindle with corrugated surface (fluted spindle) is designed and fabricated in such a way, that it can be placed 
at the normal position of the spindle with existing facilities. To rotate this fluted spindle, power is transferred 
through flexible belt from step pulley arrangement of a motor. The motor is mounted vertically on an isolated 
place having rubber damper.  In addition to step pulley, a variable frequency drive (an electronic speed control 
unit) is used to vary the speed of the motor as required. 
A to and fro motion transmitting arm is placed between fluted spindle and the ring base.  During rotation of the 
fluted spindle, to and fro motion is created to the contacting arm which finally becomes a vibration to the ring 
base.  
The Spindle of the ring spinning machine rotates from the power of main drive through belt. A variable 
frequency drive is also connected with this main motor to rotate the spindle at variable speed. 
The parameters of spinning are taken, which are mention in. (table-1) and during experiment the following 
measurements (table-2) are recorded:- 
 
Table. 1 Experimental condition 
 

Name of the 
Parameter 

Selected material and 
value for experiment 

Type of fiber Polyester multifilament and 
cotton fiber 

Yarn count (Ne) 10 and 20 
Twist per inch 14 and 18 
Ring 
diameter(mm) 

45  

Traveller weight 0.045- 0.049 gm 
 

Table. 2 Measuring instrument and measurement 
 

Name of the Measuring 
Instrument  

 

Parameters 
measured/Calculate 

 
Vibration Measuring Meter 
METRIX Instrument Co 

 Displacement and 
Velocity of vibration 

Yarn Tension Measuring 
Meter SCHMIDT, Germany 

Yarn Tension 
(Average, Minimum, 
Maximum and Peak 
value) 

Digital Tachometer Spindle speed 

 
4. Results and Discussions 
 
4.1 Effect of Frequency of Vibration on Yarn Tension 
To identify the effect of frequency of vibration on ring; the amplitude of vibration is 0.5mm and frequency 200, 
400, 600 and 800 Hz selected.  Experiments are being done with the spindle speed of 8000, 10000 and 12000 
r.p.m. 
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Fig. 3. Yarn Tension at different frequency of vibration at ring. (spindle speed 8000 r.p.m., amplitude 0.5mm) 

 
Fig. 4. Yarn Tension at different frequency of vibration at ring. (spindle speed 10000 r.p.m., amplitude 0.5mm) 

 
 

Fig. 5. Yarn Tension at different frequency of vibration at ring.(spindle speed 12000 r.p.m., amplitude 0.5mm) 
 
The effects of frequency of vibration are displayed in Figures 3, 4 and 5. From the three figures it is seen that all 
the values of yarn tension (average, min, max, peak) decrease clearly with increasing the frequency of vibration. 
The tendency of tension decrease rate is almost linear for the three different spindle speeds.  Frequency is an 
important parameter of vibration, which makes the repetition of oscillating motion per second of a vibratory 
body. Higher frequency ensures higher times of oscillation motion per second, which has strong effect on yarn 
tension. Yarn tension or friction between the ring and the traveller is inversely proportional to the frequency of 
vibration. It is very difficult to generate more than 800 Hz frequencies of vibration due to the system limitation. 
The system of vibration generation could not be more stable with too high frequency.  
High frequency of vibration means more number of separations between vibration bodies and at the same time 
lower time for contacting surfaces, that is lower area of contact. This procedure reduces the resistance against 
the running of the traveller, causing the reduced tension. Therefore, the reduction of yarn tension for the 
increase of frequency of vibration is due to more separation of the contact surfaces. In fact the higher the 
separation, lower the time of contact between the frictional surfaces. As the frequency increases, keeping the 
amplitude of vibration constant, the acceleration of vibration will also increase that might cause momentary 
vertical load reduction, which causes the reduction of effective normal force resulting reduction of tension with 
the increase of frequency of vibration. The factors may be responsible for the momentary load reductions are: 

• Superposition of static and dynamic force generated during vibration. 
• Reversal of the friction vector 
• Load transformation of vibration energy into heat energy 
• Approaching excitation frequency to resonance frequency 
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 Therefore it can be concluded that with the increase of frequency of vibration decreases the value of yarn 
tension as well as the friction. 
 
4.2 Effect of Amplitude of Vibration on Yarn Tension 
 
To verify the effect of amplitude of vibration on the ring; the frequency of vibration is 400 Hz and amplitude 
0.25, 0.5, 0.75, 1 and 1.25 mm selected. Experiments are being done with the spindle speed of 8000, 10000 and 
12000 r.p.m and other parameters of spinning are taken the same as given in Table 1.1.  

 
Fig. 6. Yarn Tension at different amplitude of vibration at ring. (spindle speed 8000 r.p.m., frequency 400 Hz) 

 

 
 
Fig. 7. Yarn Tension at different amplitude of vibration at ring. (spindle speed 10000 r.p.m., frequency 400 Hz) 
 

 
Fig. 8. Yarn Tension at different amplitude of vibration at ring. (spindle speed 12000 r.p.m., frequency 400Hz) 

 
Amplitude is also an important parameter for generation of effective vibration at the ring for the reduction of 
friction between ring and traveller. Figure 6, 7 and 8 show the effect of different amplitude of vibration on yarn 
tension. At first yarn tension is reduced up to 0.5 mm of amplitude but after 0.7 mm of amplitude, yarn tension 
is going to increase at upward direction. It may happen, high amount of amplitude creates some new problem to 
traveller, which makes large displacement from the surface of the ring and dropped again ring contact with 
additional load.  When the traveller is going to drop at the surface of the ring at running condition from a long 
distance, suddenly a strong pressure arises between the ring and the traveller.  This makes a serious problem to 
traveller and consequently deformed itself on ring surface and fly out. 
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Therefore it can be concluded that with the increase of amplitude of vibration, the value of yarn tension as well 
as the friction decreases. This may happen up to certain limit, for the increase of amplitude friction and 
consequently the yarn tension start to decrease.  It can happen for the increase of mechanical interlocking that 
result increase of tension. The factors may be responsible for the momentary increase of load for the following 
reason: 

• Addition of the friction vector 
• Load transformation of vibrational energy into high heat energy, which deform the surface of 

comparative softer material (traveller) and increase frictional force.  
Amplitude is an important factor for effective generation of vibration. Appropriate amplitude might help to 
reduce friction between the ring and the traveller of the ring spinning frame.  
Vibration is one kind of oscillating motion and this oscillating motion of ring induces the traveller to maintain 
intermitted contact with ring. This reduction of contact time and area of contact has influence on the reduction 
of temperature of the meeting surface of ring and traveller and hence the rise of temperature is decreased.  The 
same reason may be valid to the reduction of yarn tension.  
Now it can be summarized that application of vibration is a new way, which can assist the traveller to run with 
intermittently contact on the ring. This process reduces yarn tension, temperature of meeting surface between 
ring and traveller and as well as its friction. To maintain the present running condition i.e the same friction, 
about 10% spindle speed can increased with the application of vibration. This will increase the production of a 
spinning machine. 
 
5. Conclusion 
 
Amplitude and frequency are two important parameters for generation of effective vibration at the ring for the 
reduction of friction between ring and traveller. Co-efficient of friction between ring and traveller decreases 
with increase of frequency of vibration but with the increase of amplitude of vibration, the value of yarn tension 
as well as the friction decreases, which happen up to certain limit and then it shows opposite character.  
Selection of appropriate frequency and amplitude of vibration is very important for generation of effective 
vibration, which helps to reduce friction between ring and traveller of a ring spinning frame.  
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Abstract 
 
This paper presents an automatic humidity control system using microcontroller. The developed system actually 
consists of three parts. These are mechanical, electrical or electronic parts and software or logic parts. The 
mechanical part consists of a square shaped room, a cylindrical shaped chamber (humidification and 
dehumidification chamber) connected with the flexible pipes and two electric blowers. The electrical part 
consists of a ATmega-32 microcontroller, HSM-20G humidity sensor, LM-35 temperature sensor, LCD monitor, 
relays, transformer, diode, capacitor, transistor, etc. The logical part consists of an automatic humidity control 
system that is controlled by microcontroller. For automatic humidity control system, a humidity sensor is used 
that is attached in the room to measure the humidity. If the humidity of the room is greater than comfortable 
range (50%-70%R.H) then the humidity sensor (HSM-20G) senses this condition of air and sends this 
information to the microcontroller. The microcontroller executes this information and starts the blower, which 
is attached to the dehumidification chamber. In this way, the system acts as an automatic humidity controller 
using micro-controller. Finally the performance of the system is evaluated experimentally. 
 
Keywords: Automation, Microcontroller, Air conditioning. 
 
1. Introduction 
 
Control of humidity is the regulation of the degree of saturation (relative humidity) or quantity (absolute 
humidity) of water vapor in a mixture of air and water vapor [1-4]. Controlling the humidity is critical to staying 
comfortable and avoiding problems. Too much humidity during summer can cause allergies and promote the 
growth of mold, which can be a health risk and cause structural damage of different parts. Too little humidity 
during winter can cause colds and other infections as well as nosebleeds and dry skin [4], [5]. Control of 
humidity is most required condition of comfort or industrial conditioning systems. Humidity control can be 
highly critical in some areas such as hospitals operating rooms, electronic data processing equipment rooms, 
textile mills and many printing operations. [5]  
Proper greenhouse humidity is important both in preventing plant diseases and promoting healthy plant growth. 
High humidity can promote the Botrytis and other fungal diseases. High humidity also restricts plant 
transpiration, which in turn limits evaporative leaf cooling and can lead to overheating of plant foliage. If high 
humidity persists for a long time, the restriction of transpiration can limit the transpiration stream of nutrients 
and can lead to nutrient deficiencies. Low humidity is best avoided because it may increase foliar transpiration 
to the extent that the root system cannot keep up. Humidity control system largely used in power plants requires 
protection against moisture. This system is used in defense, storage of fertilizer, cheese, sugar, coating and 
packaging etc. Humidity control system is used in air conditioning both in summer and winter seasons.[1-5]   
Humidity can be controlled in two ways either manually or automatically. Hygrometer is used to measure the 
humidity in manual humidity control system and the blower is switched on-off the blower for humidification 
and dehumidification process manually. The automatic system has a great advantage than manual system 
because no labor needed to start the humidifying and dehumidifying blower. Therefore, labor cost is reduced in 
this system. Automatically humidity can be controlled in various ways such as using digital signal processor 
(DSP), programmable logic controller (PLC), microcontroller etc.[10] The DSP, PLC systems are very much 
expensive and large in size, therefore microcontroller is used as controller in the developed system because it is 
very cheap and small in size. In this work, a square shaped room is constructed, with a cylindrical chamber.  
With the help of ATmega32 microcontroller, HSM-20G humidity sensor, LM-35 temperature sensor, LCD 
monitor and other necessary components, the system is operated automatically. 
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2. Construction of the Automatic System 
 
The automatically operated humidity controller consist of several parts such as cylindrical shaped chamber, 
square shaped room, flexible pipe, ATmega-32 microcontroller, HSM-20G humidity sensor, LM-35 temperature 
sensor, LCD monitors, blower, flexible pipe, sponge etc. which are described in the following. 
 
Cylindrical shaped chamber  
 
This is a cylindrical shaped chamber and acts as a heart in this control system. The chamber is internally divided 
into two equal portions and both the portions has inlet and outlet ports The cylinder is required to hold the 
drawers that contain silica gel and sponge which wet with water. The cylinder is made of galvanized plain sheet. 

             
       (a) Front view of the chamber             (b) Side view of the  chamber                (c) Inside view of the chamber 

  

Fig.1. Photograph of the cylindrical shaped chamber 

 

 Square shaped room 
 
This room is another important part in this system. This room is considered as a testing room where the control 
of the humidity can be tested. This room has also inlet and outlet ports. 
 

 
Fig. 2. Photograph of square shaped room 

 
 ATmega-32 Microcontroller 
 
The ATmega32 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC architecture. By 
executing powerful instructions in a single clock cycle, the ATmega32 achieves throughputs approaching 1 
MIPS per MHz allowing the system designed to optimize power consumption verses processing speed.[8-9] 
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Fig. 3. ATmega-32 Microcontroller 

HSM-20G Humidity Sensor 
 
Humidity sensor is used to sense the value of humidity in the square room whose humidity is to be controlled. It 
use voltage 7V DC, Storage temperature Tsg-40 to 850 C. Storage humidity range Rhstg 0 to 100% RH. 
Operating temperature range Ta -30 to 80C. 
 

 
Fig. 4. HSM-20G Humidity Sensor 

 
Blowers 
 
Two blowers are required to force the process air and reactivation air through the cylindrical shaped chamber 
from the square shaped room. 
 
LCD Monitor 
 
A liquid crystal display (LCD) is a flat panel display, electronic visual display, or video display that uses the 
light modulating properties of liquid crystals. 

 
 

Fig. 5. LCD monitor 
 

3. Experimental Set-up  
     
Description of the set up 
 
In this control system, two parts are essential. One is the room where the humidity is controlled and the other is 
a chamber by which the humidity can be controlled. Both room & chamber have inlet & outlet ports. The inlet 
ports of the chamber are connected with electric blowers and the outlet ports of the chamber are connected with 
the inlet ports of the room. On the other hand, the outlet ports of the room are connected with the blower. The 
chamber which is used to control the humidity is partitioned into two portions. Both the portions have inlet & 
outlet ports. Now at the middle of the chamber, there are two trays which are connected with the chamber. Trays 
are constructed with nets. The structure of one tray will be made of honey comb. In this tray silica gel is placed 
and in another tray a wet cloth is placed. In the portion where silica gel is placed, maintains the dehumidification 
process and in another portion humidification process. 
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Fig. 7. Schematic Diagram of humidity control system using microcontroller and feedback control  

 

                     
 

Fig. 8. Photograph of the complete assembly of humidity control system 
      
Working principle 
 
For the automatic control system, the main components are ATMEGA-32 micro-controller and a HSM-20G 
humidity sensor that is attached in the room which helps to measure the humidity. If the humidity of the room is 
greater than comfortable range (50%-70%R.H) then the humidity sensor (HSM-20G) senses this condition of air 
and sends this information to the microcontroller. The microcontroller executes this information and starts the 
blower which is attached with dehumidification chamber. After certain period the humidity falls down to 
comfortable range (50%-70% RH) after absorbing water particle by the silica gel. If the humidity of the room is 
less than the comfortable range similarly this condition of air is sensed by humidity sensor and is sent to the 
microcontroller. Similarly humidity is increased to the comfortable range. In this way the system acts as a 
automatic humidity controller. 
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4. Experimental Results 
 
Dehumidification 
 
In this section, dehumidification is done by using Blue type silica gel and humidity is decreased from high range 
to low range within the comfortable range and the change of relative humidity with temperature is shown in the 
figure 9. 
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Fig. 9. Relative humidity Vs. Temperature diagram for dehumidification process 

Humidification 
 
In this section, humidification is done automatically by using wet sponge and humidity is increased from low 
range to high range and the change of relative humidity with temperature is shown in the figure 9. 

22 24 26 28 30 32 34
45

50

55

60

65

70

75

Temperature(0C)

R
H
(%

)

 
Fig. 10. Relative humidity Vs. Temperature diagram for humidification process 

 
 Performance of the Controller 
 
The Fig. 9 indicates the relative humidity vs time for humidification and dehumidification. The increasing and 
decreasing region of the figure represent the humidification and dehumidification, respectively. Since the 
comfortable range of humidity is 50-75%, when relative humidity decreases below the comfortable range 
humidity sensor sense the condition of room and send the signal in the microcontroller which turn on the 
humidifier and humidity gradually increases with time. It is also shown that after 11 min humidity reaches 
above the comfortable range, then microcontroller turn off the humidifier and turn on the dehumidifier. After 23 
mins again humidifier turn on and dehumidifier turn off. In this way system control the humidity of a room.   
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                                                       Dehumidifier 

 
 
Fig.11. Relative humidity vs. Time for humidification and dehumidification and automatic on-off of humidifier 

and dehumidifier 
 
Since the comfortable range of  humidity is 50-75%, when relative humidity decreases below 50% humidity 
sensor sense the condition of room and send the signal in the microcontroller  which turn on the humidifier and 
humidity gradually increases with time  which is shown in the figure 9. From the figure it is shown that after 11 
min humidity reaches approximately 74% then microcontroller turn off the humidifier and turn on the 
dehumidifier. After 23 mins again humidifier turn on and dehumidifier turn off. In this way system control the 
humidity of a room.   
 
7. Conclusion 
 
An automatic humidity control system has been designed and fabricated. The humidification and 
dehumidification process of the system is done automatically. In case of dehumidification, humidity is reduced 
from 85 to 50% step by step. For this purpose, silica gel is used. On the other hand, humidity is increased from 
50 to 85% by using wet sponge that contained water. It is seen from the result that developed humidity control 
system can provide the comfortable range of humidity automatically using microcontroller. Finally, this system 
is able to control the humidity of a room. 
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Abstract 
 

 In this paper a smart and simple PV charger for portable applications is presented. This proposed charger is low 
cost, low volume and light weight. Moreover this charger can realize three charging modes including the MPPT 
mode, the CV mode and the current limited mode. It can be integrated into an IC chip to reduce the size due to the 
simple structure. At last, a 60W prototype is built and tested to confirm the validity and applicability of the proposed 
system. 
 
Keywords: PV charger, Smart switch, Control circuit, Driver circuit. 

1. Introduction 
 

The traditional charger is the component, which transfers the power from the grid to the battery. In normal 
condition, the grid can supply continuing and stable energy to the battery. Therefore, the battery can be charged 
according to its self-condition by the traditional charger. Normally, the charging process includes two stages: in the 
first stage, the battery is charged in the constant-current mode. When the voltage of the battery is up to the floating 
voltage, the charging mode is changed to the constant-voltage (CV) mode as the second stage. During the whole 
charging process, only the charging current and the voltage of the battery need to be controlled. 
 
2. PV charger 

 
Photovoltaic or in short term PV is one of the renewable energy resources that recently has become broader in 
nowadays technology. PV has many benefits especially in environmental, economic and social. In general, a PV 
system consists of a PV array which converts sunlight to direct-current electricity, a control system which regulates 
battery charging and operation of the load, energy storage in the form of secondary batteries and loads or appliances. 
A charge controller is one of functional and reliable major components in PV systems. 
 
3. Proposed Smart and simple PV charger  

                                                                               
To design an efficient photovoltaic charger we use some basic part to complete the design successfully. Main part of 
our design consists of PV array, smart switch, and control circuit, sample and hold circuit, driver circuit.  
We can say our PV charger design is more smart system than other PV charger. In our design, PV array is used to 
reduce the system size. Step down buck converter is used as the charging circuit due to its simple structure and low 
cost. The overall block diagram consist of one PV array, three control loop, one smart switch, one insulation driver, 
one diode, one inductor, one capacitor and one lithium ion battery. So it can be smarter than other system. 
The block diagram of proposed smart and simple charger circuit is given in figure 1: 
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Abstract 
 

This paper describes about the development of two autonomous robots (Bots) which cooperate each other to 
solve a maze. In this work, we have prepared two autonomous line-following robots which can communicate 
with each other so as to simultaneously solve two mazes via line following. We have been provided with turn 
indicators on 1 maze. A maze is formed by concentric circles connected to each other at some specific locations. 
There are two similar mazes with one maze having dimensions in a ratio greater than 1 radially. The maze is 
made up with white and black strips. In the maze solving process, First Bot has followed white strip to reach the 
center of the maze such that, if a black strip is encountered adjacent to line on left side, the bot will take the next 
left turn and If a black strip is encountered adjacent to line on the right side, the bot will take the next right turn. 
End of the maze is indicated by innermost black circle. This bot has communicated to the second bot and guide 
it to reach the end of respective maze. The second bot has received signals from the first bot and follow the line 
to reach the end of the maze. 
 
Keywords: Autonomous robots, Maze solving, Line-following method  
 
1. Introduction 
 
iARC: International Autonomous Robotics Competition  is a great and entertaining way to enhance the learning 
process in  the field of robotics. Students would gain first -hand experience in constructing and programming 
robots for competition, as well as allowing them to understand further the concept Mechatronics System Design 
[4].Realizing this, iARC is organized by IIT Kanpur, one of the premier technical institute of India and Techkriti 
the annual technical and entrepreneurial festival of IIT Kanpur in conjunction with the Mechatronics System.  
This project-based course requires the students to build maze solving robot via line following and then to 
compete with each other. Its performances in this competition is measured and recorded as part of the evaluation 
scheme.   In this competition, students are divided into groups of one, two, or three people maximum four and 
they are given freedom to design their own robots in terms of hardware and software used. For our group of two 
people, we developed maze solving robots with different kinds of drive trains.  The requirements include that 
many    equipment and sensors have to be synchronized, needing powerful real-time capabilities, under limited 
onboard batteries power [1]. 
 
 

2.  Methodology 
 

 
 

                                Fig.1 International Autonomous Robotics Competition (iARC) Arena 
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The rules of the   International Autonomous Robotics Competition (iARC) are as below: 
Arena Specifications:  
                                   a. White strip width = 2.5 cm  
                                   b. Black strip width =2.5 cm  
                                   c. Black strip length=5 cm  
                                   d. Separation between black and white strip=2 cm  
                                   e. Outermost diameter =290 cm  
Robot size: 
                        a. Maximum width: 200 mm   
                        b. Maximum length: 200mm   
.                       c. Maximum height: 200 mm 
• The Robot must be stable and able to move on its own. A Bot not fulfilling these criteria will be disqualified.  
• Both the bots should be able to follow the line according to event specifications. In addition the bots should be  
able to communicate with each other. Communication can be wired or wireless  
• If communication is through wiring the team will be entirely responsible for problems due to entanglement of 
wires. Teams should bring sufficient length of wire for the same.  
• The wire should remain slack at all times.  
• Each team has to bring its own power supply for its robots.  
• The voltage difference between any two points on the bot must not exceed 24 volts.  
• Teams are advised to use an on-board power supply. In case they are using external power supply they will be 
responsible for any problem created by entanglement of wires. 
 
3. Materials 
 
3.1 Mechanical construction  
 
The development of our robot (see Fig. 2) utilizes plastic as its main body together with two 2 inch wheels with 
each wheel attached to one Bipolar stepper motor. One Ball castor (metal) is mounted further up front to provide 
stability for the robot. The differential drive method is implemented to enable the robot to rotate clockwise and 
counter clockwise. This means that one motor would rotate while another stops to let the robot turns towards the 
desired angle of rotation.      
 

        
                                 
 
                                 Fig. 2: Autonomous Robot with Bipolar Stepper motors as drive train  
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3.2 Circuitry interfacing  
 

For the on-board microcontroller of the robot, the avr microcontroller and embedded system is implemented as 
the board set provides easy interfacing with sensors and actuators [5].Furthermore, the ATmega32 
microcontroller can be easily programmed using the C language .As for the line tracing sensors, three light 
dependent resistors (LDRs) are arranged in straight line and mounted below the motors and in parallel to their 
shafts.  Three light emitting diodes are also mounted next to each of the LDR to provide uniform light source for 
the sensors.   
 

 
 

                                                Fig.3: Circuit Diagram for motor control using L-29 
 
 
 
 
 
 
 
 
3.2 Programming algorithm  
 
The issue of control manifests itself in at least two aspects of the Robot Design project: in the development of 
the robots higher-level strategy from a conceptual standpoint, and in the actual programming of that strategy 
into the machine through the process of writing computer code.   The analog signal received of each of the 
phototransistors is proportional to its coverage of the line, and lies between 0 and 2V. The signals of the sensors 
are weighted by 1, 2 and 3 for left, middle and right sensors respectively. The average of the weighted readings 
gives a value for deviation of the robot from the line. This average has the range between 1 and 3 when the line 
is at far left or far right of the robot respectively. This average is used to control the speed of the rear left and 
right wheels of the robot.Timer-0 and timer-2 in phase correct PWM mode are used for the left and right wheels. 
It is such that if the average of the weighted readings is 2, the robot is on the line and the OCR0, and OCR2 
values are half the top, and correspondingly by an average value of 1 the right speed is highest and the left is 0, 
and by an average value of 3 the right speed is 0 and the left is highest. In between the speed (i.e. the values of 
OCR0 and OCR2) change linearly. It is assumed that the microcontroller frequency is to be 1 MHz, and the A/D 
clock to be lowest. 
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# Coding :  Proteus 

 
                                                                  
 
 
4.  Results 
 
# Trial Video shots: 
 

           
 

                                  Fig 4.1                                                                                Fig 4.2 
 

          
 

                                      Fig 4.3                                                                             Fig 4.4 
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The results of our iARC robot competition are as follows: 
 

Round Result Total teams 

1st round 9th   place Out of 35 teams 

Final Round 5th  place Out of 9 teams 

 
 
5.  Discussion 
 

During the preliminary round, it has performed nicely in following the lines, but the speed is rather too slow to 
reach the goal. Total 9 teams were selected out of 35 teams. And we have managed to reach second round. The 
use of LDRs provides a great low-cost line-tracing sensor. However, it is prone to the ambient light and is also 
not fast enough in scanning the white lines above on green color. Quite many times the robot has diverted from 
the white lines and junctions since the readings from the LDRs are not fast enough. For the final rounds, a small 
changed arena was supplied. So we had to change our code instantly in final round. That’s why we were unable 
to manage to reach the full arena. The use of two Stepper motors had enabled the robot to move at a higher 
speed with 6 volt battery supply .But we lost 4 opponent teams which had great autonomous robots with great 
strategies. All is not lost actually, since our robot has actually brought a good fight for the opponent robot teams. 
And we took 5th place in this International Autonomous Robotics Competition.   
 
6. Conclusion 
 

From this autonomous robot competition, there are so much knowledge and experience obtained by just building 
a small-sized autonomous robot. Robotics competition is indeed a great platform for students to enhance their 
robotics skills in terms of mechanical construction, circuit interfacing and programming. Besides that, the 
implementation of good strategies is undeniably important in determining the success of the game played.   
 
7.  Recommendation    
 
Further improvements can be made by using a better Micro- processor which has better processing power, 
bigger memory and built-in pulse-width-modulation (PWM) function. It should be made by using DC Gear 
motors or Parallax servos with sufficient speed and high torque plus so their drivers would enhance the mobility 
of the robot. It is also recommended that the Sharp image processing sensor is to be used with an analog-to-
digital converter (ADC) chip in order to supply the micro-processor with a digital input. Different 
configurations for the line tracing sensors could also provide better results in terms of effective scanning of the 
lines. Instead of three sensors, perhaps the configuration of five sensors being aligned in a semicircle shape 
might provide better line sensing capability for the robot.   For such a speed-critical competition, perhaps it is 
better to implement the infrared sensors image processing sensor. 
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Abstract 
 

This paper describes about the title that the development of a multipoint digital thermometer by microcontroller. 
In this project, a digital thermometer is constructed with the temperature sensors connected to different points 
of a process. A microcontroller controls the switching action of the temperature sensors. There is a common 
display to show the temperature of different place or point, which is connected at different switch with 
temperature sensor. When one switch is pressed the temperature sensor detect the desired point and show the 
corresponding temperature in the display by means of microcontroller. For multi-temperature the number of 
switch is increased as necessary with the observation point. The device is used where the temperature in the 
range of (-200 C ~ 1500 C). 

Keywords: Digital Thermometer, Microcontroller, Sensor. 

1. Introduction  

A thermometer is a device that measures temperature or temperature gradient using a variety of different 
principles. Digital thermometers are a quick, simple and effective way of obtaining temperature information. 
Most commonly-used electrical temperature sensors are difficult to apply. For example, thermocouples have low 
output levels and require cold junction compensation. Thermostats are nonlinear. In addition, the outputs of 
these sensors are not linearly proportional to any temperature scale. Early monolithic sensors, such as the 
LM3911, LM134 and LM135, overcame many of these difficulties, but their outputs are related to the Kelvin 
temperature scale rather than the more popular Celsius and Fahrenheit scales [1]. Fortunately, in 1983 two 
I.C.’s, the LM34 Precision Fahrenheit Temperature Sensor and the LM35 Precision Celsius Temperature 
Sensor, were introduced. 

2. Experimental Setup 

Project Board, At mega 32 chip, Temperature sensor LM35, LCD display (20*4) / 7segment display, Burner, 
Resistance 10KΩ, Wire. 
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Figure 1: Multipoint Digital Temperature 

 

 2.1. Microcontroller  

A microcontroller has a dedicated input device and often (but not always) has a small LED or LCD display for 
output. A microcontroller also takes input from the device it is controlling and controls the device by sending 
signals to different components in the device. A microcontroller is often small and low cost. The components 
are chosen to minimize size and to be as inexpensive as possible. Microcontrollers are used in automatically 
controlled products and devices, such as automobile engine control systems, implantable medical devices, 
remote controls, office machines, appliances, power tools, and toys. By reducing the size and cost compared to a 
design that uses a separate microprocessor, memory, and input/output devices, microcontrollers make it 
economical to control digital way even more devices and processes are available. 

 2.2 Segments display 
 
7-Segments display is most widely used in displaying digits. There are mainly two types of 7-Segments display. 

• Common anode 
• Common cathode  

We have used common anode 7-Segments display with our micro-controller. It has 10 legs and 8 of them are 
connected to MCU with resistors. By programming we can manipulate its digits. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.1: Pin Configuration 

 

Figure 2.2: At mega 32 

 

Figure 2.3: Segments 
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2.3 Temperature Sensors 
 
There are two temperature sensors:  

• LM34 : calibrated in Fahrenheit  
• LM35 : calibrated in Celsius 

These sensors have no moving parts, they are precise, never wear out, don't need calibration, work under many 
environmental conditions. They are very inexpensive and quite easy to use. 

 

 

2.3.1 Temperature sensors (LM34) 
 
The LM34 has an output of 10 mV/˚F with a typical nonlinearity of only ±0.35˚F over a −50 to +300˚F 
temperature range, and is accurate to within ±0.4˚F typically at room temperature(77˚F) [2]. The LM34’s low 
output impedance and linear output characteristic make interfacing with readout or control circuitry easy. For 
instance, many monolithic temperature sensors have an output of only 1 µA/˚K. This leads to a1˚K error for 
only 1 µ-Ampere of leakage current. On the other hand, the LM34 may be operated as a current mode device 
providing 20 µA/˚F of output current.  
 
 
 

 

 

 

 

 

 

 

2.3.2 Fahrenheit temperature sensors 
 
The LM34 is easy to use and may be operated with either single or dual supplies. Figure 4 shows a simple 
Fahrenheit temperature sensor using a single supply. The output in this configuration is limited to positive 
temperatures. The sensor can be used with a single supply over the full −50˚F to +300˚F temperature range, as 
seen in Figure 5, simply by adding a resistor from the output pin to ground, connecting two diodes in series 
between the GND pin and the circuit ground, and taking a differential reading [3]. This allows the LM34 to sink 
the necessary current required for negative temperatures. If dual supplies are available, the sensor may be used 
over the full temperature range by merely adding a pull-down resistor from the output to the negative supply as 
shown in Figure 6. 
 
 

  

 

Figure 3: LM-34 Sensors 

 

Figure 4: Fahrenheit temperature sensor 

 

Figure 5: Temperature sensor single supply 

 

Figure 6: Temperature sensor full-range 
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2.4 Software used 
 

• Win- AVR   

• BASCOM-AVR 

• Proteus 7 Demonstration 

• 232 ANALYSER  

 
For Burn Program 
 

• Khazama AVR 
 

2.5 Temperature to digital converters 
For interfacing with digital systems, the output of the LM34 may be sent through an analog to digital converter 
(ADC) to provide either serial or parallel data outputs as shown in Figure 7 , circuits have a 0 to +128˚F scale. 
The scales are set by adjusting an external voltage reference to each ADC so that the full 8 bits of resolution will 
be applied over a reduced analog input range [4, 5]. The serial output ADC uses an LM385 micro power voltage 
reference diode to set its scale adjust (VREF pin) to 1.28V, while the parallel output ADC uses half of an 
LM358 low power dual amp configured as a voltage follower to set its VREF/2 pin to 0.64V. This circuit is 
operated with standard 5V supplies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Circuit Diagram 

 

 

Figure 7: Temperature to digital converters 
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Figure 8: Circuit diagram 

 
4. Calibration Data 

Table 1: Calibration data 

Observation    No. Calibrated Digital thermometer (0c) Thermometer reading  (0c) 

01 30 34 
02 34 36 
03 39 41
04 43 44 
05 45 47 
06 47 50 
07 50 53 
08 53 55 
09 57 59 
10 58 63 
11 61 65 
12 63 66
13 65 67 
14 68 69 
15 70 72 

 
 
 5. Calibration Graph 
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Figure 9: Calibration of Digital Thermometer against Standard Thermometer 

 

 

 

6. Calibration Process 

TStandard = A x TFabricate +B 

TStandard = 0.994 x TFabricate +2.839 

The values of T Standard and T Fabricate which put in the program display at the above equation. 

 7. Conclusion 
 
The device can measure temperature at five points at a time by five temperature sensor. In future development 
of our project can be done by the following ways- more than five temperature sensor can be used,  instead of 
LM35 , another sensor LM34 can be used,  instead of project board, the PCB board can be used,  instead of 7 
segment display, the display monitor can be used. If more than five temperature sensor and the display monitor 
are used then the cost will be high. If PCB board is used instead of project board more precision accuracy will 
be obtained.  
 

 Temperature range   (-200 c ~ 1500c ) 
 Required Voltage     (0 volt ~ 5 volt) 

 
 Multipoint temperature and Small size & Cost comparative low. 
 Surface contract & Point contract.  
 Measuring temperature more accurately than a using a thermostat.  
 The sensor circuitry is sealed and not subject to oxidation. 
 The LM35 generates a higher output voltage than thermocouples and may not require that the output 

voltage be amplified.  
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          Temperature measurement in-  

 Duct system and any cold storage. 
 Any kinds of Plate Temperature. 
 Water Bath Temperature and Room Temperature. 
 Solar Air and Water heater.  
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Abstract 
 

Modern world meets lots of challenges that includes Smart waste management system. It is become matter of big 
concern if proper disposal system is not managed. Managing waste effectively and recycling efficiently, a nation 
can ahead one step forward.  In this work, an automatic sorter machine is developed which can sort out the 
wastes in various categories to make waste management easier and efficient. It can be possible to sort out 
metal, paper, plastics and glass by developing an electromechanical system using microcontroller and 
operational amplifier. For sorting metal and glass conventional sensors are used and for sorting paper and 
plastics a sensor using LASER and LDR is developed. A weight sensor and counter is used to find out the 
amount of sorted materials. By using the proper recycling system, the curse of waste will turn into blessings for 
the civilization. The sorting procedure will make recycling more efficient. By means of this waste sorter, the 
conventional waste management system will be transformed into SMART system. This SMART system will help 
to make our environment more suitable for living, reducing global warming and making the world healthier. 
 
Keywords: Automatic Sorter Machine; Smart waste management; Microcontroller; Operational amplifier, 
Microcontroller, Sensor implementation.  
 
1. Introduction 
 
From the beginning of the human civilization, people used various methods of waste disposal to get rid of 
unwanted material. Sometimes it was buried in the land, thrown in the sea, fed to the animal or burnt. Getting 
rid of unwanted material is always a major concern for the modern society. Trash has played a tremendous role 
in history. The Bubonic Plague, cholera and typhoid fever, to mention a few, were diseases that altered the 
populations of Europe and influenced monarchies. They were perpetuated by filth that harboured rats, and 
contaminated water supply [1]. When wastes are not properly managed then it may cause serious hazard, as seen 
in 1350. "Black plague" erupted and more than 25 million people from all over Europe fall victim to it in just 
five years [2]. There is an increasing rate of waste generation in Bangladesh and it is projected to reach 47,064 
tonnes per day by 2025. The Waste Generation Rate (kg/cap/day) is expected to increase to 0.6 in 2025. A 
significant percentage of the population has zero access to proper waste disposal services, which will in effect 
lead to the problem of waste mismanagement [3]. The total waste collection rate in major cities of Bangladesh 
such as Dhaka is only 37%. When waste is not properly collected, it will be illegally disposed of and this will 
pose serious environmental and health hazards to the people of Bangladesh [4]. This is not the only problem of 
Dhaka city but also for other big cities around the world [5]. With so much concern recently about being greener 
and economically friendly, waste management has become a very important topic. People and companies are 
starting to realize that the things they use and the way they dispose of them can make a big impact on our world. 
Proper management of waste plays a vital role in global environment. That is why a waste sorting system is 
designed which can be used in houses, offices, industries as a part of smart waste management system.  
 
 
2. Present Status of Solid Waste Generation   
 
Present condition of the solid waste generation can be described in different point of views. The generation and 
management of solid wastes are described in World and Bangladesh perspective. 
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7.1   World Scenario 
Confederation of European Waste to Energy Plants (CEWEP) [6] and European Environment Agency (EEA) [7] 
provides sound, independent information on the environment. 
 

 
Fig. 1  Comparative waste generation 2006-07 to 2020-21. 

 
Fig. 1 has been generated from the corresponding data from CEWEP and EEA [6], [7]. Considering present 
condition, waste growth at 7% per year is plotted. Considering future waste reduction, waste growth at 4.5% per 
year is plotted. Fig. 1 illustrates the fact about the total generation of wastes around the word. The total amount 
is increasing day by day and hence the waste management is becoming a challenge for both the developed and 
developing countries. Hence, recycling is becoming very important [5]. Recycling is a resource recovery 
practice that refers to the collection and reuse of waste materials such as empty beverage containers. The 
materials from which the items are made can be reprocessed into new products. For recycling the waste is 
required to separate into various different bins. As it enables us to convert waste into a valuable resource, 
gradually this practise is gaining popularity. 
  
7.2   Bangladesh Scenario 
The waste generation amount by Zone at Dhaka metropolitan city, Bangladesh is shown in Fig. 2 [8].  
 

 
 

Fig. 2  Waste generation amount by zone at Dhaka metropolitan city, Bangladesh 
 
The zonal average of waste generation is estimated at 320 t/d (tonnes per day) with the maximum at 
approximately 460 t/d in Zone 8 and the minimum at 43 t/d in Zone 10. The zonal waste generation reflects the 
population size and business activities in each zone [8]. Estimated Volume of paper, glass, metal and plastic 
waste generation in Dhaka City is shown in Table 1 [8]. 

 
 

TABLE I 
 

ESTIMATED GENERATION OF PAPER, GLASS, METAL AND PLASTIC WASTES IN DHAKA CITY 
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Materials Estimated Generation (t\d) 
Plastic 124 
Paper 260 
Glass 46 
Metal 27 
Total 457 

 
 
3. Methodology  
 
The system activates when the IR detects some sorts of material is being put on the system tray. Then at first the 
weight sensor activates and find out the weight of the trash, then the metal sensor and glass sensor starts their 
actions. If metal sensor detects the material as metal, then a servo motor will put that trash in the bin 3 (which is 
dedicated for metals). If the glass sensor detects glass then it will perform same action and put the trash in bin 4. 
If both sensors fail to detect then the LASER and LDR activates. If the LASER passes through the trash then it 
is decided as a transparent and moves to bin 2. If the LASER fails to pass then the material is decided as Paper 
and move to bin 1. 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Fig. 3 Sequential Logic Flow Chart. 

 
4. Sorting System Details 
 
The sorting system consists of Light Dependent Resister (LDR), LASER, Infrared (IR) transmitter and receiver, 
Metal Sensor (Capacitive proximity sensor E2K-C) [9], glass sensor (Omron E3SCR67C), Weight Sensor 
(MLC900 micro weight sensor) [10] and a Liquid Crystal Display (Alpha-numeric 16*4 LCD). The whole 
program is run by a microcontroller (PIC 16f877A) [11]. 
 

Object 
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Metal 
Senso

Glass 
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Bin3

Bin4
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YES
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Fig. 4  Block diagram of the sorting system. 

A servomotor (HS-65MG, Mighty Metal Gear Feather Servo) [12] based electro-mechanical system works as an 
actuator which puts trash in the desired bin. The microcontroller will count the trash sequence number and also 
the total weight of definite type of wastes. 
 
5. Electromechanical Setup 
 
An Automatic Sorter Machine setup consists four Bins. Each Bin is used to conatain unlike materials. Bin 1 is 
for Paper, Bin 2 is for Metallic elements, Bin 3 is for Plastic elements and Bin 4 is for Glass particles. At first, 
the object is placed at the Detection zone. The sensor applies its sensing activity to detect the material. Sensing 
signal is moved to microcontroller and final output signal comes out from microcontroller [11] that run the servo 
motor to a definite direction depending on the material that is being sensed. 
 

 
Fig.5 Top view of the Sorter 

 
A servo motor is a motor which forms part of a servomechanism. The servo motor is paired with some type of 
encoder to provide position/speed feedback. This feedback loop is used to provide precise control of the 
mechanical degree of freedom driven by the motor. A servomechanism may or may not use a servomotor. For 
example, a household furnace controlled by a thermostat is a servomechanism, because of the feedback and 
resulting error signal, yet there is no motor being controlled directly by the servomechanism. Servo motors have 
a range of 0°-180° [13]. 
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Fig.6 Sorting mechanism 
 

The Servo motor is controlled by sending a pulse of variable width by the microcontroller. The control wire is 
used to send this pulse. The parameters for this pulse are that it has a minimum pulse, a maximum pulse, and a 
repetition rate. Given the rotation constraints of the servo, neutral is defined to be the position where the servo 
has exactly the same amount of potential rotation in the clockwise direction as it does in the counter clockwise 
direction. It is important to note that different servos will have different constraints on their rotation but they all 
have a neutral position, and that position is always around 1.5 milliseconds (ms). The angle is determined by the 
duration of a pulse that is applied to the control wire. This is called Pulse width Modulation [13].The servo 
expects to see a pulse every 20 ms. The length of the pulse will determine how far the motor turns. For example, 
a 1.5 ms pulse will make the motor turn to the 90 degree position (neutral position). When these servos are 
commanded to move they will move to the position and hold that position. If an external force pushes against 
the servo while the servo is holding a position, the servo will resist from moving out of that position. The 
maximum amount of force the servo can exert is the torque rating of the servo. Servos will not hold their 
position forever though; the position pulse must be repeated to instruct the servo to stay in position [14]. 
 
6. Comparative Studies 
 
Comparison between the existing waste sorting bin and Automatic Sorter Machine for Smart Waste 
Management System is discussed below. 
 
2.1  Automation 

 
Most of the waste sorters available presently are manual, which are less user friendly. Automatic Sorter 
Machine for Smart Waste Management System is fully automated, which have made the whole sorting 
procedure very easy and effective. 
 

 
 

Fig. 7  Manual Waste Sorting Bin 

2.2  Cost Comparison 
 
Many local and international companies manufacture trash can. Among them Carron Phoenix Disposal Products 
are worldwide famous. But at present the price of the trash cans, by Carron Phoenix, ranges from $120 to $250 
[15]. The Automatic Sorter Machine for Smart Waste Management System will cost around $90. It is cheaper 
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than other because a unique algorithm to sort paper and plastic is developed and the mechanical structure is very 
simple. 
 
2.3  Bin Number 

 
Presently available trash bins can sort out only two or three types of trash materials [16]. But Automatic Sorter 
Machine for Smart Waste Management System can automatically sort out minimum four types of trash 
materials very easily and efficiently.  
 
2.4  Unique Sensor Designing  

 
Special type of sensor by using LDR and LASER is used in Automatic Sorter Machine for Smart Waste 
Management System. These have replaced the conventional sensors available in the market for sorting out paper 
and plastic. 

 
2.5  Power Consumption   

 
The power supply of Automatic Sorter Machine for Smart Waste Management System is driven by 9 V (DC). It 
can be driven by 220 V (AC) like the other available automatic trash bins. 

 
 
7. Future Scope 
 
Automatic Sorter Machine for Smart Waste Management System can be deployed to solve our existing problem 
as well as can bring about a change in our daily life meeting our own demand.  
 
7.1  Sorting More Types of Materials 

 
The developed Automatic Sorter Machine for Smart Waste Management System can sort only four types of 
waste materials. If more sensors are used then it will be possible to sort more types of materials (Such as: 
Transparent and nontransparent plastics, Thick and thin papers, Semi-conductor and Conductors, Rubber 
materials, Organic etc.). 

7.2  Reduction of Cost 

Companies those are manufacturing and distributing trash bin throughout the world, currently producing manual 
trash bins. If a large scale production of Automatic Sorter Machine for Smart Waste Management System is 
possible then the price of this product will be cheaper than present manufacturing cost. It will be cheaper 
because the mechanical structure is very simple and the sensors will be industrial grade. 

7.3  Increasing Response Time  
 
The response time of electromechanical system is relatively fast. But it can be made faster by using industrial 
grade servo motor.  The microcontroller and servo motor used in presently developed Automatic Sorter Machine 
for Smart Waste Management System are properly synchronized. When the industrial grade servo motor will be 
used, then the system should be synchronized to perform smoothly and more faster. 
 
7.4  Health Service  

 
Special type of sensor could be used to sort out the organic parts of the wastes. When the organic parts of the 
wastes are sorted out then they may be tested automatically to find out the food habit of the user and analyze it 
for the improvement of the user’s diet. Another application of sorting out the organic parts of the wastes is, the 
organic parts may help to diagnosis several disease of the user. Thus the health issues of the user of Automatic 
Sorter Machine for Smart Waste Management System will be insured at some extent. 

7.5  Primary Recycling and Reusing Unit  

  



    
 

Page | 151  
 

A primary recycling and reusing plant may be installed with the automatic sorter machine. This will ensure that 
a home user will practice recycling and reusing. The primary plant may consist of only paper or plastic recycling 
unit. This will ensure a healthier life style and guarantee cost minimization for the home or industrial users. 
 
8. Conclusions 
 
In communities where appropriate sites are available, sanitary landfills usually provide the most economical 
option for disposal of solid waste. However, it is becoming increasingly difficult to find sites that offer adequate 
capacity, accessibility and environmental conditions. The amount of waste, which is been recycled or reused, 
stands for the reduction of waste to be managed by the authority. Proper management of waste plays a vital role 
to control global warming [1]. Automatic Sorter Machine for Smart Waste Management System is an excellent 
example of proper waste management. It will also ensure effective recycling system. Hence, the improvement of 
waste sorter will ensure economic and ecological development. 
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Abstract 

A horizontal vibration isolation system utilizing displacement cancellation technique is studied both analytically 
and experimentally. The isolation and middle tables of the investigated vibration isolation system, involving 
displacement cancellation technique, are controlled by an infinite stiffness control and positive stiffness control, 
respectively. In this study, the dynamic characteristics of the vibration isolation system are improved by adding 
acceleration feedback to the original controllers. MEMS (Micro Electrical Mechanical System) accelerometers 
are used to measure acceleration for the feedback. Since the acceleration measured by a MEMS accelerometer 
usually contains undesired noise, the estimated acceleration by Kalman Filter (KF) is used instead of the 
measured value in the acceleration feedback. The dynamic responses of the system are investigated with the 
acceleration feedback based on the KF estimation and the measured signal individually. The experimental 
results show that the KF-estimated acceleration feedback improves the vibration isolation characteristics 
significantly.  

Keywords: Active control, Vibration isolation, Infinite stiffness, Zero compliance, Acceleration feedback.  
 
1. Introduction 
Nowadays, the position accuracy in Hi-tech manufacturing process has progressed to nanometer range. A small 
scale disturbance in high precision production site may hamper the system to acquire the desired accuracy. In 
most silicon wafer and semiconductor industries, the accuracy is a key performance objective. Thus, the demand 
for high performance vibration isolation system is increasing recently in various industrial sectors such as 
semiconductor industries, silicon wafer industries and so on. There are two main sources of vibration: (1) 
vibration transmitted from ground (ground vibration) through suspension and (2) vibration caused by 
disturbances acting on vibration isolation table directly (direct disturbance). A vibration isolation system should 
be able to suppress simultaneously both disturbances.  

Low-stiffness systems are better for attenuating ground vibration, whereas high-stiffness systems are suitable for 
direct disturbance [1]. In addition, a trade-off regarding high stiffness and low stiffness is inevitable in 
conventional passive type vibration isolation systems. In contrast, active vibration isolation systems, in 
principle, are not vulnerable with respect to this difficulty [2]. Consequently, the active micro-vibration isolation 
technology has recently received satisfactory emphasis in the Hi-tech industries [2-4].  

To acquire high stiffness and low stiffness simultaneously by a single active vibration isolation unit, the 
mechanism, involving two series connected isolators, was proposed [5-6]. Mizuno et al. have applied negative 
stiffness technique to isolate vibration using two isolators connected in series [5-6], where one isolator is 
controlled to have negative stiffness and the other has positive stiffness of same amplitude. First, a zero-power 
control magnetic suspension system was connected with a normal spring in series [5]. Zero-power control 
magnetic suspension systems have itself unique characteristic that they behave as if they have negative stiffness. 
Mizuno et al. acquired a vertical vibration isolation system by a linear actuator connected with a normal spring 
in series, where the linear actuator was controlled with proper negative stiffness controller [6], and the 
characteristics of this system was further improved by using positive stiffness actuator instead of the normal 
spring [7]. However, in practice, it is often difficult to maintain equal absolute stiffness of both isolators, and 
unequal stiffness of the isolators in negative stiffness technique hampers the vibration isolation system to obtain 
zero compliance. The vibration isolation system using a displacement cancellation technique can overcome this 
problem [8] because the displacement cancellation control focuses on the displacement rather than the stiffness 
of the isolator.    

Mizuno et al. developed a horizontal vibration isolation system using displacement cancellation control [8], 
where an integral-controlled linear actuator is connected with a normal spring in series. The authors have 
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Fig. 1 Concept of displacement cancellation technique 

developed a three-axis horizontal vibration isolation system using this technique, where voice coil motors 
(VCMs) are used as actuators. Nevertheless, the transient response is still a problem of the aforementioned 
system and should to be improved. A feedforward control can reduce the transient displacement. To realize a 
feedforward control, however, the prediction of the disturbances is necessary although in most cases the 
disturbances are unpredicted. 

In this paper, an acceleration feedback is added to the controllers to improve such vibration isolation 
characteristics for unknown disturbances. In the experiment, MEMS accelerometers are used instead of servo-
accelerometer to measure acceleration. An advantage of MEMS is low in cost. However, the output signal of 
MEMS accelerometers includes undesirable noise. To reduce such noise from the measured signal, various filter 
techniques are available, and one of them is Kalman Filter (KF). The KF performs suitably to improve the 
accuracy of the rotor position in active magnetic bearings [9]. In this study, the acceleration feedback based on 
KF-estimation instead of direct measured acceleration is used to avoid the noise in the measured acceleration. 

2. Displacement cancellation technique to isolate vibration and developed system  
The zero-compliance against direct disturbance and the soft suspension against ground vibration are two 
required criteria for a vibration isolation system. In this study, a displacement cancellation technique is applied 
to realize these two criteria simultaneously in a horizontal vibration isolation system. In the following, the 
concept of the displacement cancellation technique is presented.  

The displacement cancellation technique comprises from two series connected isolators, one of which is a soft 
spring and the other is controlled to cancel displacement of the spring as shown in Fig. 1. Because stiffness k1 is 
positive, the displacement of the isolation table y  against a direct disturbance is cancelled by the upper isolator 
(Fig. 1) with the I-PD (integral-proportional derivative) control; the upper portion behaves as itself has negative 
stiffness. The displacement y can be expressed as  
 )()( 221121 yyyyyyy ∆∆ −+−−+= , (1) 
where 1y∆ and 2y∆ respectively indicate the displacements of the lower and upper portions, respectively.  The 
resultant displacement of the upper mass would be zero when following condition is satisfied: 
 yyyyyyyyy ∆∆∆∆∆ =−=⇒−+−−+= 21221121 ),()(0 . (2) 
Equation (2) indicates that zero-compliance against direct disturbance takes place in the series combination of 
two isolators (Fig. 1) when contraction in one isolator is absolutely equal to the extraction in the other isolator.  

For ground vibration, meanwhile, the combination of the middle mass and spring works as a mechanical filter 
that attenuates the transmission of vibration to the isolation table. In addition, an electric filter should be inserted 
into the feedback loop from the displacement of the middle mass to the actuator for improving the vibration 
isolation performance. A simple structural diagram of a horizontal vibration isolation system using this concept 
is shown in Fig. 2. For the developed system, the middle mass is suspended from the base through actuators 
(VCM) with PD (proportional derivative) control and the isolation table is mounted on the middle table through 
actuators (VCM) with I-PD control. A photograph of the developed horizontal vibration isolation system is 
shown in Fig. 3. 

Moreover, to improve the dynamic responses of the system against unpredicted disturbances, two MEMS 
accelerometers are individually attached with two moving table of the developed system. MEMS accelerometers 
which are usually small in size can be placed in any part of the system. In addition, the acceleration signals 
measured by MEMS are estimated by the Kalman filter (KF) for improving the signal quality before being used 
in the acceleration feedback. 
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3. Control system design 
Basic equation 

A basic model of a single-degree-of-freedom horizontal vibration isolation system is shown in Fig. 4, and the 
controllers will be designed based on this model. The basic motion equation of the table can be written as 
follows: 

 afxm =&& , (3) 
where 

m: mass of the table, 
x: displacement of the table along x-axis, 
fa: actuator’s thrust force. 

The thrust force fa is proportional to coil current i as expressed by 

 ikf ia = , (4)  
where ki is the thrust force coefficient of the actuator. The Laplace transforms of Eqs. (3) and (4) yield the 
transfer function representation written as  

 
)()( 2 sI

ms
k

sX i= , (5) 

where each Laplace-transform variable is denoted by its capital.   

Design of infinite stiffness controller including acceleration feedback 
The isolation table is guided with I-PD control and is presented by block diagram shown in Fig. 5. The I-PD 
control operates to cancel the relative displacement of the table using a command signal r; hence, the control 
current for the I-PD control can be expressed as follows: 

 xPxPxPdtrxPi avdz &&& −−−−−= ∫ )( , (6) 
where Pd, Pv, Pz and Pa denote proportional, derivative, integral and acceleration feedback gains of the 
controller, respectively. The Laplace-transform of Eq. (6) becomes   
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Substituting of Eq. (7) into Eq. (5) leads to the transfer function representation of the I-PD controlled system 
represented as   
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of the system (Fig. 4) with an acceleration feedback, which is given by  
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Equation (9) indicates that this system is a 3rd-order system. The characteristic equation of a 3rd-order ideal 
system is supposed to be represented as  

 
Fig. 3 Photograph of the developed system 

 
Fig. 2 Structure of horizontal vibration isolation system 
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According to the pole assignment method, the controller gains (Pd, Pv, Pz) are determined uniquely by matching 
of the coefficients of Eqs. (9) and (10) as  
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where ,2 2112 ωωζα += ,2 2
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2
10 ωωα = . The theoretical analysis outlined above shows that 

the addition of an acceleration feedback increases the mass of the system virtually, and a heavy system has 
smaller displacement than to a light system for the same disturbance. Hence, the acceleration feedback can 
improve the dynamic responses of a vibration isolation system.  However, in practice, the system would be 
unstable if the value of Pa is too large beyond a certain range. In experiment, the value of Pa is selected so that 
the system maintains stability. 

4. Optimum acceleration estimation using Kalman filter  
The acceleration signal measured by a MEMS accelerometer usually contains undesirable high frequency noise. 
There are several methods to reduce the noise level from a signal. In this study, the KF is used to deduct noise 
from the measured acceleration signal and this KF-estimated acceleration is for utilized realizing the 
acceleration feedback in the controlled system. The KF used in this study is an observer based filter, which 
estimates the signals by minimizing mean-square estimation errors and shown in Fig. 6. The KF algorithm 
comprises two steps; (i) prediction of states, and (ii) updating of the predicted states.  

The state space theoretical model of the system (Fig. 4) including process noise (w) and measurement error (v) 
can be represented as follows: 

 wBAXX ++= dF& , (11) 

 vCXy += , (12) 
The discrete formats of Eqs. (11) and (12) are given in below which are used in the KF algorithm with sampling 
time ∆t.  

 wBXφX ..ˆ
1 ttFdTT ∆∆ ++= − , (13) 

 vXCy += T , (14) 

where IAφ .. += t∆ , X  and X̂ define predicted and estimated value of X , respectively. The subscript T 
denotes the time step. The discrete KF algorithm is given as follows: 

Predicted step 

 uTT BXX += −− 11
ˆϕ , (15) 

 QPP += −− 'ˆ
11 ϕϕ TT . (16) 

Updated state 

 )(ˆ
11 −− −+= TTTTT y XCKXX , (17) 

 ( ) ( )RCPCCPK += −− '/' 11 TTT , (18) 

 1
ˆ)(ˆ
−−= TTT PCKIP . (19) 

where A: state transition matrix, B: control input matrix, C: measurement matrix, Q: process noise covariance 

 
Fig. 5 I-PD controller with acceleration feedback  

 
Fig. 4 Basic model of single axis control system 
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matrix, R: measurement covariance matrix, K: Kalman gain matrix, X: states matrix, P : covariance matrix of 
error in estimation. The influences of the KF on the control system are studied by numerical simulations. It is 
assumed that the control system is subject to a white Gaussian noise. Figure 7 shows the simulation results. The 
simulations are conducted for (i) control based on the KF estimation and (ii) control based on direct measured 
signal. It is observed that the KF can appropriately estimate the measured signal with low levels of noise as 
shown in the upper chart. Moreover, the control based on the measured displacement signal makes the object 
being deviated highly. On the other hand, the control based on KF-estimated displacement signal decreases the 
control deviation significantly.                                                                                                
5. Experimental results and discussions  
In the experiments, the frequency responses to direct disturbance of the developed system are measured. To 
generate direct disturbances on the isolation table, two VCMs are mounted on the isolation table and fixed 
respect to the base. Moreover, to compare the dynamic responses, the responses of the developed system with 
and without acceleration feedback are drawn in the same graph. At the same time, the effect of the KF-estimated 
acceleration feedback on the behaviors of the developed system is investigated.  

The displacement gains and phase angles of the isolation table with respect to the frequency of applied direct 
disturbance are shown in Fig. 8. The responses are measured for both with and without the acceleration 
feedback to the controller. The individual and combined effects of the acceleration feedback of the isolation 
table and middle table on the behaviors of the developed system are investigated. It is found that the addition of 
acceleration feedback with the original controller improves the vibration isolation behaviors. The controller 
gains are kept constant through the experiments, where the value of Pa is chosen 0.2 (As2/m) for both tables.        

In theoretical analysis, it was observed that the larger acceleration feedback gain (Pa) causes the improvement of 
vibration isolation characteristics (Eq. (8)). This theoretical finding is confirmed by experimental results shown 
in Fig. 9. In Fig. 9, the frequency responses of the isolation table with varying Pa (0.2 to 0.4 As2/m) are shown. 
Because the poles of the controlled system depend on the value of Pa, the gains of the controller are reselected to 
keep the same poles in these experiments.  

The effect of acceleration feedback based on KF estimation on the frequency responses to direct disturbance of 
the isolation table is shown in Fig. 10. It is observed that the acceleration feedback based on the KF estimation 
can reduce the gain by 6% at a resonance frequency respect to no acceleration feedback. The KF algorithm 
produces an estimated output that depends on the average value of previous successive outputs. Therefore, it has 
less possibility to have two successive signals which are very different in magnitude in the KF-estimated 
signals. This may one of the reasons for improvement in vibration isolation characteristics using KF. 
6. Conclusion 
The horizontal vibration isolation system with displacement cancellation technique was studied. The 
acceleration feedback added to the original controllers improved the dynamic characteristics of the vibration 
isolation system. In this investigation, the MEMS accelerometers were used to measure acceleration. The KF 
was used to decrease the levels of noise in the acceleration signal measured by MEMS accelerometer.  From the 
experimental results, it was observed that the acceleration feedback based on the KF estimation decreased the 
peak gain by 6% compared to that without acceleration feedback. 

 
Fig. 7 Noise reduction and system behavior with KF 

(simulated)  

 

Fig. 6 KF algorithm by block diagram 
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Fig. 8 Effect of Acceleration feedback on frequency response 

(isolation table) to direct disturbance  

 
Fig. 10 Effect of KF estimated acceleration feedback  

 
Fig. 9 Frequency responses for different  

acceleration feedback gain 
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Abstract 
 

Now a day’s one of the most talked problem is lack of security in national and international level. Terrorisms 
and unwanted aggressions through borders has increased to high level. The border security forces are 
sometimes proving themselves helpless in front of sudden entry. For that purpose when some unwanted entry 
occurs the distance controlled gun firing system can easily locate it and starts firing to make them flee away or 
injured. This project is aimed at making the gun firing system which is consisting of a structural support with a 
gun mounted on it which rotate almost 180 degree along X-X axis and 120 degree along Y-Y direction , 
computer controlled electronics, and software to teach and control the arm. The mouser gun and a camera 
along with a remote controlled robot which will shoot object by tracking it via image processing software. 
Camera will track the object and move on its axis in the direction of  robot and shoot it after a particular 
condition or a particular time as required.  
 
Keywords: Security, terrorisms, tracking, robot and computer controlled 
 
1. Introduction 
 
An automatic firearm is any firearm that will continue to fire so long as the trigger is pressed and held and there 
is ammunition in the magazine/chamber. While both "semi automatic" and "fully automatic" weapons are 
"automatic" in technical sense that the firearm automatically cycles between rounds with each trigger pull, under 
conventional usage a merely semi-automatic firearm is not correctly referred to an "automatic weapon" or an 
"automatic firearm". The terms "automatic weapon" and "automatic firearm" are conventionally reserved to 
describe fully automatic firearms. Confusion can be avoided by this convention. A semi-automatic firearm fires 
one round with each individual trigger pull, while a fully automatic continuously fires rounds whilst the trigger 
is pressed and held.[1] 
 
A fire-control system is a number of components working together, usually a gun data computer, a director, and 
radar, which is designed to assist a weapon system in hitting its target. It performs the same task as a human 
gunner firing a weapon, but attempts to do so faster and more accurately.[2] 
 
"A story on NPR reports that the Tracking Point rifle went on sale today, and can enable a 'novice' to hit a target 
500 yards away on the first try. The rifle's scope features a sophisticated color graphics display (video). The 
shooter locks a laser on the target by pushing a small button by the trigger... But here's where it's different: You 
pull the trigger but the gun decides when to shoot. It fires only when the weapon has been pointed in exactly the 
right place, taking into account dozens of variables, including wind, shake and distance to the target. The rifle 
has a built-in laser range finder, a ballistics computer and a Wi-Fi transmitter to stream live video and audio to a 
nearby iPad.[3] 
 
This project is about making a gun fire without direct handling of a person rather    making the control possible 
from distance. During this project some new terms and ideas are included by me like different terms of a 
firearm, its trigger mechanism, its diversities at trigger pulls, firearms auto-loading system for cartridges, 
required trigger pull of a typical firearm which can be implemented identically for many of the existing 
lightweight firearms, superior microcontrollers and interfacing via serial ports and object locating which have 
lead the project to success. The scope of the project includes the designing and building of the hardware and 
software for a compatible structure. The project is consisting of a structural support with a gun mounted on it, 
computer controlled electronics, and software to teach and control the arm. This project is aimed at making 
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mouser gun and a camera along with a remote controlled manual support which will shoot object by tracking it 
via image processing software. Camera will track the object and move on its axis in the direction of manual 
robot and shoot it after a particular condition or a particular time as required. 
 
The project is aiming to ensuring border security and to stopping unwanted aggression at national level. 
Moreover, it can be fruitfully used in security system and in making a location free from unwanted mischievous. 
In brief, while working on the ideas of this project the enthusiasm in me leads to a very innovative applications 
which can be used in making a worldwide popular security enhancer. 
 
Application 

a)    The machine can be applied at places where it becomes tough to have a person to ensure safety all the 
time. The place will be thoroughly monitored under the technical implementation of this machine with 
all the features it has and the processing system embedded in it. 

b) In low density area where animals can freely roam there this system can be used to make them 
senseless using required anesthetic fluid injected into them by pushing. 

c)     It can also be applied at the the warfield at defending own transport like ballistic tank from any 
damaging through fast attack or any suicidal attack by quick response of the system featured with faster 
handling and shooting.  

 
2. Design Technology 
 
This System to be act as to be complementary to a firearm a model has improved which would move as it is 
directed from a PC interfaced via a USB cable. A compatible program is to be made to compile microcontroller 
and other devices such as stepper motor synchronized with driver IC. Power to be supplied from AC Power 
Supply which is stepped down by a Center-tapped 12V transformer and then filtered with rectifier to convert 
into DC current for driving 3-12V stepper motor which would drive the whole device as directed as up-down, 
right-left, and making proper trigger pull. 

Devices and instrumentation: 
a) Microcontroller (  PIC 18F2550)2) 
b) Motor driver IC (ULN2003A) 
c) 3-12v Stepper motor 
d) Transformer 
e) Rectifier 
f) TouchSwitch 
g) USB connection   
h) Some gear arrangement to make proper movement and sufficient trigger pull. 
 

Rotation and movement by the gun 
 
The system is designed such that it can have a rotation of about 300 degree from its center so as to cover the 
total front area. It is done to impede the support from causing certain breakage of the structure behind it. Also to 
make the gun being stopped automatically after required movement before damaging the structure behind 
two touch switch has been introduced. The gun also can make 180 degree up-down movement with 
the rotation of worm wheel mounted with the shaft attached to gun. 
 
Required rpm of trigger pull motor 
 
Pulling the trigger with sufficient force i,e,proper rpm is a momentous  operation in executing the gun at faster 
handling action. As this system is built complementary with lightweight military rifles and semi-automatic 
firearms it’s trigger pull has to maintain the same as those of existing. Getting N rpm from motor we get, 
Range of typical trigger pull:       ω=2*π*N/60                           
Centripetal force at a distance r from center of a mass m is: F=mω2r  
Distance from center to mass of the arm which pull the trigger i,e, r= 1 inch. or, r=0.0254 m 
Trigger pull required, m=F/g 
As rpm of 250 is arranged here, calculating from above we get the pull of 3.9lb which is good enough for 
making smooth fire of the existing firearms. 



    
 

Page | 161  
 

Execution of touch plate and switch: 
 
Touch Switch moves with arm.The  arm which pulls the trigger rotates clockwise, a spring is attached with it  
which works as a switch moves with arm between the two touch plates.The switch made there, is a spring so 
that when it stuck with those plate, does not damage because of its flexibility.  While touches with upper  plate 
motor will execute a reverse  operation just after the trigger been pulled and thus moves backward till it touches 
the lower plate. 
 
3.  Circuit diagram 

 This circuit is a combination of different electronics and chips to mak  an 
arrangement to drive those motors. A brief description is given below: 

• A microcontroller (PIC18F2550( 
• 2 motor drive IC )ULN2003A( 
• 2 Diode 
• A 12 v Stepped Down transformer  
• Several resistors 
• Several Capacitors 
• Transistors 
• A Relay  
• AC power connection from transformer 
• USB connection 
• Necessary Wires & wire Connections. 

The circuit diagram and complete circuit are shown in the Fig.1 
 

 

 
Fig. 1. Circuit diagram and circuit board of the remote control gun fire system 

 
4. Working principle 
 
This project is aimed at making mouser gun and a camera along with a remote controlled manual support which 
will shoot object by tracking it via image processing software. The photo graph of the remote control gun fire 
system is shown in the Fig.2 
 
 
 
 
 
 
 
 
 
 
 
 

belt driven 
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beneath the 
structure 
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Fig.2 Fire gun controlled by USB compatible programmed application software via PC. 
 
For a movement right-left, a motor has been mounted right behind the circuit and is connected with a drum 
situated beneath the structure of firearm. Motor and drum is connected by a belt. This drum is a combination of 
shaft which rigidly locked with the support structure and inside of drum is attached with two ball-bearing. And 
for an up-down movement, an worm drive and wheel arrangement is attached at the right side of the gun. The 
worm drive is driven by a 12V stepper motor as it is being commanded.  Another motor is placed at the bottom 
of trigger. The rpm of this motor has been reduced by some reduction gear arrangement but proper for a good 
trigger pull for any typical gun with a trigger pull at 7-8 lb. 
 
There has been an arrangement of two touch switch, one is metal support shaft mounted through the middle of 
structure and another is a tin plate. A spring attached with trigger pull arm which while touches the metal shaft, 
it gets a command to rotate the motor reverse. This has been built such that firearm just get onto trigger and pull 
it and then getting a command from touch switch to make  reverse action. After that when it again touches 
another tin plate switch it gives a command to stop the motor right there. And the motor gets ready for another 
firing action when it gets any command. 
 
The gun firing system is consisting of a structural support with a mouser gun mounted on it which rotate almost 
180 degree along X-X axis and 120 degree along Y-Y direction , computer controlled electronics, and software 
to teach and control the arm. The mouser gun and a camera along with a remote controlled  robot which will 
shoot object by tracking it via image processing software. When a command is given through computer at first 
camera will track the object and move on its axis in the direction of the robot and shoot it after a particular 
condition or a particular time as required.  
 
5. Discussion 
 
During this project some new terms and ideas are studied like different terms of a firearm, its trigger 
mechanism, its diversities at trigger pulls, firearms auto-loading system for cartridges, required trigger pull of a 
typical firearm which can be implemented identically for many of the existing light weight firearms, superior 
microcontrollers and interfacing via serial ports and object locating which have lead the project to success. 
 
Such system can enervate the defense of enemy by efficacious controlling at remote as less or no casualties of 
human life would occur. To be an assist of such attack into the region where it is impervious by direct persons 
appearing because of risk, be dominated. 
 
This project has been fabricated as it can be executed at practical field as well as studying about firearms 
history, latest technologies and developments, related terms parts and techniques of sophisticated mechanism  
enriching knowledge in the field of ballistic science by overcoming the following draw backs 
 
A rigid structure need to be made to support heavy load of riffles and firearms. For progressive trigger action it 
should be programmed such that the pull of arm on trigger would remain for the time it is needed. In that case 
the upper touch switch of metal shaft is to be removed and command should be given such that the arm attached 
with motor will pull the trigger and remain at that pulling action till another command is given to release it. 
Moreover, a huge improvement needed at imaging object. A night vision camera can also be recommended to 
make the system capable of shooting 24 hours. 
 
6. Conclusion 
 
This project is aimed at making the gun firing system which is consisting of a structural support with a gun 
mounted on it which rotate almost 180 degree along X-X axis and 120 degree along Y-Y direction , computer 
controlled electronics, and software to teach and control the arm. The mouser gun and a camera along with a 
remote controlled  robot which will shoot object by tracking it via image processing software. Camera will track 
the object and move on its axis in the direction of  robot and shoot it after a particular condition or a particular 
time as required.  
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Abstract 

 
This paper describes a control car to avoid accident by microcontroller interfacing with a motor control circuit. For 
the development of the obstacle avoidance system, the control circuit of a toy car was modified. An algorithm was 
also developed to command the control circuit. The control circuit consists of infrared sensor, motor driver circuit 
with power supply, transmitter circuit, receiver circuit and infrared LED (IR-LED). DC motor was used as an 
actuator to control the designed car. Infrared sensors were used to generate high and low frequency in the 
transmission circuit. High frequency was generated when the response of the capacitor was low and low frequency 
was generated when the response of the capacitor was high. According to the signal from receiver circuit, the 
microcontroller sends signal to the program that controls the DC motor to drive the car. The results show that the 
designed car can satisfactorily avoid most of the common obstacles. 
 
Keywords: obstacle avoidance; mobile robot; microcontroller; infrared sensor. 
 
1. Introduction 
 

An obstacle avoidance system is a mobile robot that follows markers or wires in the floor, or uses vision or lasers or 
sensors. They are most often used in industrial applications to move materials around a manufacturing facility or a 
warehouse. Application of the automatic guided vehicle has broadened during the late 20th century and they are no 
longer restricted to industrial environments Automatic guided vehicle is a field of application automation, which is a 
modern technology in automobile sector. Automated guided vehicles (AGVs) increase efficiency and reduce costs 
by helping to automate a manufacturing facility or warehouse. The first AGV was invented by Berrett Electronics in 
1953. The AGV can tow objects behind them in trailers to which they can autonomously attach. The trailers can be 
used to move raw materials or finished product. The AGV can also store objects on a bed. The objects can be placed 
on a set of motorized rollers (conveyor) and then pushed off by reversing them. Some AGVs use forklifts to lift 
objects for storage. AGVs are employed in nearly every industry, including, pulp, paper, metals, newspaper, and 
general manufacturing. Transporting materials such as food, linen or medicine in hospitals is also done. An AGV can 
also be called self-guided vehicle (SGV). In Germany the technology is also called Fahrerlose Transport system 
(FTS) and in Sweden forecloses trucker. Lower cost versions of AGVs are often called Automated Guided Carts 
(AGCs) and are usually guided by magnetic tape. AGCs are available in a variety of models and can be used to move 
products on an assembly line, transport goods throughout a plant or warehouse, and deliver loads to and from stretch 
wrappers and roller conveyors [1]. 
There are many systems available for the development of this type obstacle avoidance system following: - Laser 
Target Navigation, Steering control, Vision-Guidance, Forward sensing control system, Path select mode. 
In this paper we work with forward sensing control system. Forward sensing control uses collision avoidance sensors 
to avoid collisions with other AGV in the area. Most AGVs are equipped with a bumper sensor of some sort as a 
failsafe. The optical uses an infrared transmitter/receiver and sends an infrared signal which then gets reflected back 
is familiar concept. The problems with these are they can only protect the AGV from so many sides. They are 
relatively hard to install and work with as well.  
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2.1 System Overview 
This project is about automatic guided vehicle to avoid accident. For this infrared LED is used to radiate 
continuously infrared ray and detect any reflection of these beams on any obstacle in front of the vehicle. At first 
vehicle drives at constant speed, if any obstacle in front of the vehicle comes, the vehicle would automatically stops 
and search for alternative way to pass out. The main components of the circuit are DC motor, transistor, resistor, 
diodes and 8V DC supply.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig: 1: System overview 
 

Here infrared sensor is used to generate high and low frequency in the transmission circuit. High frequency is 
generated when capacitor’s capacity is low and low frequency is generated when capacitor’s capacity is high. 
Another circuit which is called receiver circuit, which receives the high and low frequency and analyze whether it is 
high or low frequency and sends signal to the program that controls the DC motor according to the analysis result.  
Variable resistor and capacitor is used for adjusting high and low frequency.  
 
2.2 Methods And Tools Used 

 

Table 1: Specification of a System 
 
 
 
 
 
 
 
 
3. DC Motor Controller Driver Circuit  
 

DC motor driver circuits connected with microcontroller at pin 20 and 21 namely T1 and T2 through resistor. When 
T1 is closed, DC motor rotates clockwise and vehicle moves forward. When T2 is closed, DC motor rotates 
anticlockwise and vehicle moves backward. 

 
 

Item Specification 
Language Used C++(BASCOM) 

For circuit animation Protious_7.6 
Microcontroller AT mega32 
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Motor Control 
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Program upload 
(BASCOM) 

Microcontroller 

Driving 
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Microcontroller 
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Microcontroller 
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Fig: 2: DC motor driver circuit 
4. Experimental Setup 
In this paper infrared sensor and infrared LED is used as sensor. Infrared (IR) sensors contain an emitting diode as well 
as a detector. Both the emitter and detector face in the same direction. If the sensor is pointed at nothing it returns a high 
value. If there is something nearby, that will reflect the IR light then the value decreases. These sensors have an active 
range of approximately 2 cm. The actual range depends on the reflectance and size of the object being detected. [5] 
Controlling system of the vehicle is completed by controlling the speed of DC motor. The speed of a DC motor is 
directly proportional to the supply voltage, so if we reduce the supply voltage the speed of the motor will reduce 
gradually. The speed controller works by varying the average voltage sent to the motor. It could do this by simply 
adjusting the voltage sent to the motor, but this is quite inefficient to do. A better way is to switch the motor's supply on 
and off very quickly. If the switching is fast enough, the motor doesn't notice it, it only notices the average effect. [5] 
The experimental setup of obstacle avoidance system for mobile robot to avoid accident is following- 
 
 
 
 
 

 
 
 

 
Fig: 3: Experimental setup of the obstacle avoidance system                 

 
 
4. Sensor Selection  
A sensor is a device which receives and responds to a signal or stimulus. Here, the term "stimulus" means a property or a 
quantity that needs to be converted into electrical form. Hence, sensor can be defined as a device which receives a signal 
and converts it into electrical form which can be further used for electronic devices. A sensor differs from a transducer in 
the way that a transducer converts one form of energy into other form whereas a sensor converts the received signal into 
electrical form only. 
In selecting a sensor for a particular application three number of factors that need to be considered: 
1. The nature of the measurement required e.g. the variable to be measured, its nominal values, the range of values, the 
accuracy required. The required speed of measurement, the reliability required the environmental conditions under which 
the measurement is to be made.  
2. The nature of the output required from the sensor, thus determining the signal conditioning requirements in order to 
give suitable output signals from the measurement. 
3. Then possible sensors can be identified, taking into account such factors as their range, accuracy, linearity, speed of 
response, reliability, maintainability, life power supply requirements, ruggedness, availability and cost. 
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5. Block Diagram of the System 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

Fig: 4: Block diagram of the system. 
 

6. Algorithms of the System 
 
 
 
 
 
 

 
 
 
 
 
 
        
 
 
 
 

  
 

Fig: 5: Flowchart of the system 
                                                                          Legend  
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7. Working Principle of Controlling System 
 

There are many types of motors that are in used these days. The common ones are DC types, AC types, stepper 
motors and brushless DC motors. The speed of a DC motor is directly proportional to the supply voltage, so if 
we reduce the supply voltage from 12 Volts to 6 Volts, the motor will run at half the speed. How can this be 
achieved when the battery is fixed at 12 Volts? The speed controller works by varying the average voltage sent 
to the motor. It could do this by simply adjusting the voltage sent to the motor, but this is quite inefficient to do. 
A better way is to switch the motor's supply on and off very quickly. If the switching is fast enough, the motor 
doesn't notice it, it only notices the average effect.  
When you watch a film in the cinema, or the television, what you are actually seeing is a series of fixed pictures, 
which change rapidly enough that your eyes just see the average effect - movement. Your brain fills in the gaps 
to give an average effect. Now imagine a light bulb with a switch. When you close the switch, the bulb goes on 
and is at full brightness, say 100 Watts. When you open the switch it goes off (0 Watts). Now if you close the 
switch for a fraction of a second, and then open it for the same amount of time, the filament won't have time to 
cool down and heat up, and you will just get an average glow of 50 Watts. This is how lamp dimmers work, and 
the same principle is used by speed controllers to drive a motor. When the switch is closed, the motor sees 12 
Volts, and when it is open it sees 0 Volts. If the switch is open for the same amount of time as it is closed, the 
motor will see an average of 6 Volts, and will run more slowly. As the amount of time that the voltage is 
increases compared with the amount of time that it is off, the average speed of the motor increases. We can see 
that the average speed is around 150, although it varies quite a bit. If the supply voltage is switched fast enough, 
it won’t have time to change speed much, and the speed will be quite steady. This is the principle of switch 
mode speed control. Thus the speed is set by PWM – Pulse Width Modulation [10]. 

 
8. Experimental Scenario 
The constructed obstacle avoidance vehicle is able to avoid different types of shape of objects.  In this system the LED 
transmitted ray which is reflected by the objects presents in front of the vehicle and receive by the receiver circuit. Then 
microcontroller circuit controls the DC motor by regulating the voltage. Then the vehicle search for alternative ways to 
move. Here some configuration in which the constructed vehicle is performed. 
 
    Configuration 1:                                             Configuration 2: 
 
 
 
 
 
 
 
 
 

Configuration 3:                Configuration 4: 
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9. Experimental data 

 
Table 2: Experimental data 

 
Configuration Obstacle No Observation Obstacle Avoidance 

 
1 

 
1 

1 Yes 
2 Yes 
3 Yes 

 
2 

 
3 

1 No 
2 Yes 
3 Yes 

3 1 (circular) 1 No 
2 No 

4 1(Inclined) 1 No 
2 No 

 
 
 
 
10. Performance 
 

Table 3: Performance accuracy 
 

Configuration Accuracy 

1 100% 

2 66.67% 

3(circular) 0% 
4(Inclined) 0% 

 
 
The performance of obstacle avoidance system is good. The vehicle can avoid obstacle very carefully and the successful 
operation percentage is 100% for the configuration 1.For the configuration 2 there is failure for 1 observation. Hence the 
performance of the vehicle for configuration 2 is 66.67%.The vehicle is unable to sense circular obstacle in the 
configuration 3.For configuration 4, as the reflected ray cannot receive by the sensor so the car cannot avoid accident for 
inclined surface. The car can sense an obstacle more than 3 inch high. It cannot sense an obstacle less than 3 inch high; 
this is disadvantages of the constructed car.   
 
11. Discussion 
 

It is the time for automation. In automatic guided vehicle, the vehicle automatically senses the presence of obstacle in 
front of the vehicle and stops. Then the vehicle search for alternative way to pass out. Some improvements in the 
performance can be achieved by changing the components used (e.g. high range sensor for receiver circuit). Automatic 
guided vehicle will not be able to obey oral instructions from policeman, so a digital system will have to be developed. 
Toy car is used for the design and construction of the vehicle is made as required to fulfill the objectives. In automobile 
sector computer controlled software is used to control the vehicle. But we select this topic to use microcontroller because 
of- Low cost, Simplicity in design, Greater flexibility, Low weight, Required less space. 
If high range (ultrasonic sensor) sensor is used, it can easy to detect the long distance object. For control the vehicle 
efficiently, program also be updated requirement. If receiver and transmitter circuit can develop, high accuracy may be 
achieved. Image processing software may be used for identifying the obstacle. However the automatic guided vehicle 
developed is performed satisfactorily as required. The car cannot sense inclined and round surface. 
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12. Conclusion 
 

For the development of system, a vehicle has been designed by designing various elements. Then system circuit diagram 
and project have been designed. The performance of the vehicle tested and the vehicle can carry load of about 2 kg. In 
this project infrared sensor is used to detect obstacle nearer the vehicle about 6 inches. But when this concept developed 
in large vehicle then high range sensor or high-resolution camera can be used. Image processing software may be used to 
identify the obstacle. For detecting low and high distance obstacle receiver module will be developed and send data 
quickly in the control unit to control the vehicle. So it will be most beneficial technology now a day. If high range sensor 
is used, it can easy to detect the long distance object. For control the vehicle efficiently, program also be updated 
requirement. If receiver and transmitter circuit can develop, high accuracy may be achieved. Image processing software 
may be used for identify the obstacle. 
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Abstract 
 

This paper presents a detailed theoretical analysis using the principle of conservation of energy and spring-
mass system analogy for the oscillation of water in two identical tanks connected by pipe. An expression is 
derived for the frequency of oscillation of water as a function of the affecting parameters in anti-roll tanks. It is 
mathematically demonstrated that the circular and rectangular tanks produce the same frequency of oscillation 
of water if their cross-sectional areas remain same.Furthermore, this paper takes into account the additional 
damping forces which arise from friction between the moving fluid and the surrounding tank wall. This makes 
the theoretical model more realistic. The computational results are plotted graphically and then physically 
interpreted in order to demonstrate the effect of the depth of water and the area of cross-section of each vertical 
tank; the effect of the length, diameter and number of connecting pipes; and the effect of damping on the 
oscillation of water in the tanks. The results of this analytical study are expected to be useful in the design of 
anti-rolling tanks which will effectively reduce the rolling motion of ships. 
 
Keywords: Natural frequency of oscillation, rolling motion, anti-roll tank, passive control, dampingeffect 
 
1. Introduction 
The understanding and control of rolling motion i.e. the rotational motion about the longitudinal axis of a ship is 
essential for efficient ship manoeuvring, ensuring crew comfort and proper functioning of onboard equipment. 
Till date, a variety of roll control mechanisms like bilge keels, fin stabilizers, gyro stabilizers, anti-roll tanks, 
etc. have been subjected to comprehensive theoretical study and detailed practical experimentation. 
 
Anti-roll tanks (ART) generate anti-rolling moments using differences in water heights at the two limbs of U-
tank whose oscillation is exactly out of phase to the incoming wave excitations. The use of ART has an added 
advantage of controlling the rolling motion even if the vessel is not underway. An Active ART uses pumps or 
any mechanical means to generate the moments from fluid flow and often become impractical in case of large 
vessels. Passive anti-roll tank (PART), on the other hand, with no active means to generate counter moments 
relies solely on accurate tuning techniques to ambient conditions, and therefore, require a greater study across 
the linear and non-linear range.  
 
Froude [11] was the first to use anti-roll tanks to reduce roll motion. He installed water chambers in the upper 
part of the ship. The free-surface effect of the water tank lengthened the period of the rolling motion but reduced 
the ship’s stability; consequently, the system was abandoned. Frahm[4], a German naval engineer revived the 
method, and was the first to understand the importance of placing the horizontal leg or cross-duct in the U-tube. 
An active counterpart of Frahm’s passive tank was conceived by Minorsky[8]. A restoring moment was 
developed by transferring the water directly with a proper phase from one leg of the U-tube tank to the other at a 
high rate. Chadwick [6]derived the governing equations for rolling motion in calm water and found that the axis 
of roll does not necessarily pass through the centre of gravity of the ship. The hydrodynamic effects are 
considered linear and hence superimposable. Crockett [9] in his report illustrated a step-by-step preliminary 
design procedure for designing, installing, and tuning of passive anti-roll tanks based on some empirical 
formulae and practical experiences.Bell and Walker[5] foundthat the positioning of the tanks is a critical issue 
and the typical designs and characteristics of vessels must be taken into account while designing an effective 
ART. Gawadet al. [1] paid attention to the fluid motion inside the tank itself. They mentioned that proper tuning 
of the anti-roll tank to the ship’s natural frequency is very important in reducing the roll motion. Dallinga 
[10]noticed thatfor a given wing-tank area (which determines the restoring term in the natural period) the height 
of the connecting duct is the remaining design parameter for the tuning effect. Samoilescuet al. [3] mentioned 
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that tank stabilizers are virtually independent of the forward speed of the vessel: they generate anti rolling forces 
by phased flow of appropriate masses of fluid (water or reserve fuel, etc.) in transverse tanks installed at suitable 
heights and distances from the ship’s centre line. Tanizawaet al. [7] used a numerical wave tank (NWT) which 
was applied to the simulation of coupled motions of ship and ART in beam seas. Holden et al. [2] presented two 
novel nonlinear models of U-shaped ART for ships, and their linearization. The models were derived using 
Lagrangian mechanics.  
 
Water in the reservoirs of an ARTis expected to oscillate with the same period but exactly out of phase to the 
vessel’s oscillation. For the greatest effect, ARTs are often placed where they would induce the highest counter-
rolling moment (often, high up on the vessel). The motivating force for the anti-roll tanks is predominantly the 
action of gravity on the mass of the fluid. Since the fluid can only flow downhill and has inertia, it cannot start 
to move until the ship has rolled a few degrees. The natural restoring forces limit the maximum roll angle and 
initiate a roll in the opposite sense. In the meantime, the fluid continues to flow downhill, accumulating on the 
still low side and provides a moment opposing the ship motion. As the ship returns and passes its upright 
position, fluid again flows downhill to repeat the process. The transverse acceleration of the fluid generates an 
inertia force and thereby a moment, about the roll centre, which reduces the gravity moment when the tanks are 
below the roll centre and increases it when they are above. Maximum moment is experienced at the vertical 
position of the ship. The kinetic and potential energiesof the fluid in the tanks are originated from the energy 
generated during rolling. Part of the energy is dissipated by vortex shedding and fluid viscous effects related to 
skin friction on the walls of the tank. Thus, the phase lag may be increased, within limits, by placing 
obstructions e. g. orifice plates, grilles, etc. in the fluid flow path to increase the damping.In contrast to the other 
papers available on this topic, the present paper takes a new theoretical approach to determine the period of 
oscillation of water in tanks that can be used to counterfeit anti-rolling motion in ships. 

 
2. Theoretical Analysis 

 
Let us consider two identical tanks each of cross-sectional area A. The tanks are connected at their bottom 

by a horizontal pipe of length L and cross-sectional area a, as shown in (Figure 1). The tanks are filled with 
water up to a depth of h. 

Suppose that oscillation occurs in the tanks due to some external disturbance. In such a case, the water 
level will fall in one tank, with a corresponding rise in the other. The head of water, causing flow in the pipe, 
will be the difference between the two water levels.Let the water level in Tank 1 fall down by y. Then the water 
level in Tank 2 will rise up by y. Let x be the horizontal displacement of water in the pipe. The volume of water 
that has passed from Tank 1 is Ay. From constancy of volume of water, we can write 

  (1) 

   (2) 

Using the principle of conservation of energy, the natural frequency of an oscillating system can be easily 
determined, and in this case, it can be done using an analogy with the spring-mass system. For a vibrating 
system, the energy is partly kinetic and partly potential. The kinetic energy Kis associated with the velocity of 
the mass and the potential energyP is due to the strain energy stored in the spring. Thus, 

K + P= Total Energy = constant  (3) 

Fig.  1.Natural oscillations of water in two identical 
tanks connected by a pipe. 

Fig. 2. Simple spring-mass system 



 
 

Page | 179  
 

Therefore, the rate of change of energy is zero, 

 0 (4) 

The equation of motion of the spring mass system can be derived from energy considerations. The kinetic 
energy of the mass is given by  

 1
2

1
2  (5) 

 
The potential energy of the system is due to strain energy stored in the spring (Figure 2) and is given by 

 
1
2  (6) 

Therefore, one can now easily write down the expressions for the potential energy of the water oscillating in the 
tanks. In this case, the restoring force is  

 2  (7) 

 
2

2  
(8) 

Combining Eqn (6) and Eqn (8), we get 
(9)

 2  (10)

The kinetic energy of the oscillating column of water is given by 

  
1
2

1
2

1
2   

It can be easily shown from the above that   

 2  (11)

From Eqn (4),Eqn(10) and Eqn(11), we obtain 
 

      2 2 0  
 

Dividing the above expression by  throughout, we get 

 2 2 0 (12)

or,  
2

2 ⁄ 0  

which is similar to 0 (13)
where  is the natural frequency of oscillation in radian/second. Therefore, 

 
2

2 ⁄  (14)

or, 

/

 (15)

It can be easily shown that for multiple pipes, 

  (16)

where n is the number of connecting pipes. For rectangular tank connected by rectangular pipe, we get 

 

/

 (17)

where b and lare the breadth and longitudinal extent of the vertical arm of the tanks and  and are the height 
and longitudinal extent of the horizontal pipe respectively.When the longitudinal extent of the rectangular 
vertical arm and that of the horizontal pipe are same, Eqn (17) reduces to 
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/

 (18)

For two identical square tanks connected by a duct of square cross-section, Eqn (17) gives 

 

/

 (19) 

Similarly for two circular tanks 
connected by a circular pipe,  

/

 (20) 

For two identical square tanks 
connected by a circular pipe, 

/

 (21)

The above derivation takes into account an ideal fluid flow condition. Taking the effect of damping into 
consideration, and De as the loss of energy due to damping, Eqn (4) gives

  (22)

The energy lost due to damping can be considered as the product of thedamping force and thereduction in height 
of the water column due to damping. Since the damping force is proportional to the velocity, we get 
                                                                         (23)
WhereC is the damping constant and hd is the reduction in height of the water column due to damping.If Udis the 
change in potential energy and Tdis the change in kinetic energy due to damping, 
         (24)
Let U1 andU2be the potential energy of the water column in ideal fluid and viscous fluid respectively. Therefore, 
Eqn (9) gives 

P1  (25)

therefore, P2  (26)
Neglecting the second order terms and using the Newton’s equation of motion, 

Pd P1 – P2  2  (27)

2  (28)

Pd =  (29)
Similarly, the corresponding expressions for the kinetic energy can be written as 

 
1
2 2                            (30)

 
1
2

2  (31)
Thus we get =  =  (32)
Therefore Eqn(24) becomes 2  (33)

So from Eqn (22), 2  2 2 (34)

which gives  
2

2  ⁄
2

2 ⁄ 0 (35)

Let 
2

2 ⁄  (36)

and 2
2

2 ⁄  (37)

Then Eqn (35) becomes 
 2 0 (38)
which is a second order linear homogeneous differential equation. Considering the roots of the characteristic 
equation real and distinct, and the solution of the equation 
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y (39)
It can be easily shown that r  ‐n √  (40)
So  the damped frequency can be expressed as 
 (41)
3. Results and Discussion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  3.Variation of the period of oscillation (T) with 
the height (h) of the column of water in circular tanks 
connected by a circular pipe for different values of  
D/d. 

Fig. 4.Variation of the period of oscillation (T) 
with the length (L) of the connecting pipe for 
circular tanks connected by a circular pipe for 
different values of D/d. 

Fig.  5.Variation of the period of oscillation (T) 
with the number of connecting pipes (n) for  
different water heights (h) in the upright tanks. 

Fig. 6.Variation of the time period (T) with the 
vertical rise of water in upright tanks (h) for 
different damping ratios (hd/h). 
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Based on the theoretical analysis, a number of computer programs have been developed in Fortran 2003 and 
executed on the Core-2-Quad based processor. The computational results are plotted graphically. It may be 
noted that the expression for the frequency of oscillation (which has been derived in the preceding section) has 
been used for finding the period of oscillation (T) using the well-known relationship T=2π/p. Furthermore, it is 
to be noted that the period of oscillation has been used as a key parameter for the analysis of results. It is clearly 
seen from Eqn (15) that the tank parameters (i.e. breadth, diameter and length of the tanks) do not affect the 
period of oscillation as long as the cross-sectional areas of the tanks are the same. So the results obtained are 
generalized using only circular tank connected by a circular pipe. The ratios of the diameter of the tank to the 
connecting pipe have been used to visualize the particular changes associated with the change in areas.Fig. 
3shows that as the height of the water column in the vertical tanks increase the time period increases but the rate 
of increase is very low. It is also observed that the period of oscillation increases rapidly with the increase of the 
ratio (D/d) where D is the diameter of the vertical tanks and d the diameter of the circular pipe.Fig. 4shows that 
the period of oscillation increases remarkably as the length of the connecting pipe increases but the variation is 
not linear. Furthermore, the period of oscillation increases rapidly with the increase of the ratio (D/d).It is seen 
from Fig. 5 that the period of oscillation can be reduced significantly by increasing the number of connecting 
pipes. However, no remarkable change in the period of oscillation is observed with the change in the depth of 
water in the tanks. It is already mentioned in the previous section that additional damping forces arise from the 
friction between the moving fluid and the surrounding tank wall. This damping effect is clearly observed from 
Fig. 6that the period of oscillation is found to increase significantly with the increase of the ratio hd/h where hd is 
the loss of height due to damping and h is the depth of water. 
 
4. Conclusions 

The following conclusions can be drawn from the present study: 
(a) Firstly, an expression for the frequency of oscillation of water in two identical tanks has been derived 

assuming ideal fluid flow theory. Subsequently, the expression for the frequency of oscillation has been 
modified taking into consideration the additional damping forces which arise from friction between the 
moving fluid and the surrounding tank wall. Obviously, this theoretical model is more realistic than the 
one derived on the assumption of ideal fluid.  

(b) Both the circular and the rectangular tanks produce the same period of oscillation provided their cross-
sectional areas are equal.  

(c) Once the tanks are installed on a ship, the dimensions of the tanks (length, breadth and diameter) 
cannot be changed. However, the depth of water in the tanks is the only parameter which can be varied 
to match with the ambient condition.  

(d) The period of oscillation is found to decrease sharply as the number of connecting pipes increases. 
(e) Finally, the period of oscillation is found to increase with the increase of the depth of water in the 

tanks. However, the rate of increase is quite low in case of ideal fluid flow assumption. On the other 
hand, the period of oscillation increases at a rapid rate with the depth of water when the effect of 
damping is taken into account. 
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Abstract 
 
Drive by Wire technology is one important step of taking the car’s mechanical control to a computerized one. 
This technology will take driving to the next level where driving will be a very less complicated task. This paper 
will concentrate on cars with automatic transmission only. Here we will discuss about converting the 
mechanical controlled car to a car with Drive by Wire technology. This will include micro-controllers, 
actuators, sensors etc. Nowadays the combustion engines are totally microcomputer controlled. This paper will 
focus on controlling steering, acceleration, deceleration and brake. Gear shifting and Hand brake are 
considered as secondary control and are out of the concern of this paper. The total driving system is operated 
by a simple 4*4 matrix keypad. The complete functionality is also explained. A Steer by Wire system has been 
constructed, which is without mechanical backup while acceleration and brake system is mechanically backed 
up. 
 
Keywords: Drive-by-wire, Steering control, Break and acceleration control 
 
1. Introduction 
 
Drive-by-wire is a catch-all term that can refer to a number of electronic systems that take the place of old 
mechanical controls. Instead of using cables, hydraulic pressure, and other things that provide the driver with 
direct, physical control over the speed or direction of a vehicle, drive-by-wire technology uses electronic 
controls to activate the brakes, control the steering, and operate other systems [1]. There are many people who 
can’t drive correctly, find it hard and thus doesn’t get a driving license either. Drive by Wire is a possible and 
simple solution for them as, this makes driving a lot easier. It is like, holding a keypad and pushing up, down, 
right, left and the car responses. It’s like playing a game where you need to drive. This technology can give the 
car very good maneuverability, much easier control and confidence. Multi-button presses give the ability of 
driving the car almost as you wish. Accelerate or decelerate the car along with turning, even drifting all is 
possible. Hydraulic pressure is needed in the power steering system nowadays which is responsible for more 
power consumption. But here a Steer by Wire technology is enabled which doesn’t require hydraulic power.  
  
A good free control response refers to a well damped return-to-center of steering wheel from an off-center 
release, or due to an impulsive (jerk& release) excitation from on-center [2]. Here, IR sensors are used to 
determine the center of the wheel which maintains free control.  
 
2. Steering Control 
 
Steer-by-wire (SBW) systems allow the amount of steering wheel operation to be transmitted in the form of 
electric signals to the vehicle wheels. These systems help improve control performance for vehicle safety while 
increasing vehicle design freedom. Thus, this type of system seems to have promise as a next generation 
automotive steering system [3]. Here a DC gear motor is mounted on a steering box (rack and pinion type). The 
DC motor is controlled by a microcontroller. 
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This Steer by Wire system eliminates the need of hydraulic power for the steering system and replaces this with 
a rotary actuator. This is how the power consumption is greatly reduced. There are two limit sensors at the end 
points of the rack to send feedback to the control unit that the end point has reached and the motor will not turn 
further. The response from the keypad will lead the car. This is explained in the following tabular form. 
 
 
 
 

Table 01: Car Direction according to the response from Keypad 
Keypad Button Motor Direction Rack Direction Car Direction 

 
4 

 
Clockwise 

 
Left 

 
Left 

 
6 

 
Counter-clockwise 

 
Right 

 
Right 

 

 
 

Fig. 2.1: Construction of the Steering Control system in order to imply Steer-by-wire (Rendered from 
Solidworks 2013 premium) 

 

 
 

  Fig. 2.2: Cross section of the connecting mechanism (Rendered from Solidworks 2013 premium) 
 
 
Free Control: 
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For free control of the vehicle (which was previously described), one IR sensing system has been implemented. 
The rack can go 11.5 cm left from the last limit to the right. An IR transmitter and a receiver is set in across the 
rack to sense the center point (at 5.75cm from the last limit to the left). The button number 5 in the keypad is 
used to activate the free control. At full speed of the motor (2A, 12V and defined speed 255 in microcontroller), 
the rack moves 2.5 cm (average) per click. Holding the buttons pressed is also possible and the rack will move 
continuously. The performance of the steering can be tuned by changing the input of the microcontroller 
program. The defined motor speed can vary from 0 to 255. 
 
  
Performance tuning of the Steer by wire system: 
 
After implying variable power source to the steering control system (while the acceleration and break controls 
are ineffective), the time required to rotate the steering fully from left to right has been measured along with the 
variable power. 
 
As stated earlier, the rack can go 11.5 cm left from the last limit to the right. But it is to be noted that the rack 
takes different amount of time, to reach the sensor placed at right side, due to the variation of power supply. The 
observation to measure the time variation is presented below. 
 

Table 02: Measurement of required time with variable power source 

 
After plotting the obtained values (Table 02) of Power along the abscissa and time needed vertically, the 
following graphical form appears. 
 

 
Fig. 2.3: Variation of Time necessary in accordance with Power supply variation 

 
This graph shows us that, without minimum power the motor will not start. Then with the increase in power the 
required time to reach the end point decreases. That also means the rotation of the motor shaft and speed of rack 
increases with increasing power input. 
 
3. Acceleration and Deceleration control 
 
The acceleration and deceleration control is mechanically backed up and the control is directly applied to the 
acceleration pad. A servo motor is connected to the acceleration pad. The servo motor is controlled by the 

Observation No. Current (in mA) Voltage applied 
(in volts) 

Power 
(in miliwatts) 

Time needed to 
overcome 11.5 cm 

(in seconds) 
01 78 2 0.156 The Rack does not 

move 
02 870 4 3.48 19.68 
03 1010 5 5.2 15.06 
04 1150 6 6.9 9.30 
05 1500 7 10.5 8.25 
06 1800 8 14.4 5.89 
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micro-controller. Button 2 and 3 controls acceleration and deceleration simultaneously. Holding these buttons 
will continuously rotate the servo but if buttons are clicked only, 5 degrees rotation will occur per click.  
 
 
 
  

 
 

Fig.3.1: Acceleration pad (Rendered from Solidworks 2013 premium) 
 
4. Brake control 
 
The braking system is mechanically backed up and the control is directly applied to the brake pad. This system 
is same as the Acceleration-deceleration control. Just this is applied on the brake pad. Button 7 and 9 controls 
brake on and release simultaneously.  
 
5. Control System 
 
The circuit diagram of the control system is illustrated below:  

 
Fig. 5.1: Circuit diagram of the control system 
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Here the DC gear motor has been used to control the steering box. The servo motors are for acceleration and 
brake control. The keypad is used as the input. This sends signals to the microcontroller and the controller 
performs the action. The microcontroller sends the necessary signals to the motors and they perform the pre-
programmed task. 
 
 
   
 
 
 
                                                                                            
                                             Yes 
                      No 
                                                                                                               
                                                                       
 
 
 
        
                                                                                        
                                                                 
 

 
 
 
       
                   No 
 
 
      Yes 
 
 
 
 
 
 
 
The flow diagram of the algorithm is as shown above. 
 
7. The Final Construction: 
 

 

Button Function 
1 ------- 
2 Accelerate 
3 ------- 
4 Turn 

Right 
5 Straight 

Drive 
6 Turn Left 
7 Brake On 

8 Decelerate 

9 Release 
Brake 

Start

Scan keys 

Pressed

Detect key 

Execute 
Command 

Finish 
Execution
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8. Conclusion 
 
Drive by wire technology has been developed here but hydraulics still plays a vital part in acceleration and 
brake control. Hopefully it will be taken care of in near future. The steer by wire system works perfectly as was 
expected. Light, horn and other indicative systems will be controlled by the same keypad in the future. A nice 
thing is, a car does not have to be made with this technology. Any car with automatic transmission can be 
converted to have this marvelous technology.   
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Abstract 
 
The objective of this paper is to provide an automatic railway gate at a level crossing replacing the gates 
operated by the gatekeeper. It deals with two things. Firstly, it deals with the reduction of time for which the 
gate is being kept closed and secondly, to provide safety to the road users by reducing the accidents. By the 
presently existing system once the train leaves the station, the stationmaster informs the gatekeeper about the 
arrival of the train through the telephone. Once the gatekeeper receives the information, he closes the gate 
depending on the timing at which the train arrives. Hence, if the train is late due to certain reasons, then gate 
remain closed for a long time causing traffic near the gates. By employing the automatic railway gate control at 
the level crossing the arrival of the train is detected by the pressure switch placed near to the gate. Hence, the 
time for which it is closed is less compared to the manually operated gates and also reduces the human labor. 
This type of gates can be employed in an unmanned level crossing where the chances of accidents are higher 
and reliable operation is required. Since, the operation is automatic; error due to manual operation is 
prevented. And finally a computer based monitoring system is applied to the crossing area. This could be 
monitored through internet from anywhere. That’s why any unusual problem could be easily solved remotely. 
Automatic railway gate control is highly economical with PLC based arrangements that could be designed for 
using in almost all the unmanned level crossings in the country. 
 
Keywords:  Railway gate control, railway remote controlling system. 
 
 
1. INTRODUCTION 
 
In this paper I am concerned of providing an automatic railway gate control at unmanned level crossings 
replacing the gates operated by gate keepers and also the semi automatically operated gates. It deals with two 
things. Firstly, it deals with the reduction of time for which the gate is being kept closed. And secondly, to 
provide safety to the road users by reducing the accidents that usually occur due to carelessness of road users 
and at times errors made by the gatekeepers. By employing the automatic railway gate control at the level 
crossing the arrival of train is detected by the pressure switch placed on either side of the gate at about 5km from 
the level crossing. Once the arrival is sensed, the sensed signal is sent to the PLC. Subsequently, buzzer 
indication and light signals on either side are provided to the road users indicating the closure of gates. The 
departure of the train is detected by pressure switch placed at about 1km from the gate. The signal about the 
departure is sent to the PLC, which in turn operates the motor and opens the gate. Thus, the time for which the 
gate is closed is less compared to the manually operated gates since the gate is closed depending upon the 
telephone call from the previous station. Also reliability is high as it is not subjected to manual errors. 
 
2. CIRCUIT DIAGRAM & DESCRIPTION 
Programming software WPL has been utilized in this project.  WPL-Programmer is a PLC programming tool for 
the creation, testing and maintenance of programs. It provides facilities for the support of PLC devices and 
address information and for communications their supported network types. 
 
3. LADDER DIAGRAM 
In this paper, we define an event is the occurrence of pressure  pulse created by train wheel. Here is the plc 
ladder diagram for whole logic.
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3.1 PLC CONNECTION DIAGRAM 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                      Fig. 1 Experimental setup 
 
3.2 BUZZER & RELAY CONNECTION 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          Fig. 2 Sound sensing circuitry 
 
3.3 WORKING PRINCIPLE  
In this project the PLC connected with the project. And when a train passes over the pressure sensor it just get a 
pulse. This pulse is received by PLC. PLC count the pulse does the work accordingly. Again when trains leave 
the crossing it also acts in the same way. 

A
X

X
X

X
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4 REMOTE MONITORING SYSTEMS 
Remote monitoring system works thorough as real-time guard. A computer based monitoring system is applied 
to the crossing area. This could be monitored through internet from anywhere. That’s why any unusual problem 
could be easily solved remotely. For remote monitoring system it needs different technical side. Sever side, 
camera side, streaming side, display computer and website combines the whole work. 
 
4.1 STREAMING 
Streaming media is multimedia that is constantly received by and presented to an end-user while being delivered 
by a provider. Its verb form, "to stream", refers to the process of delivering media in this manner; the term refers 
to the delivery method of the medium rather than the medium itself. A client media player can begin playing the 
data (such as a movie) before the entire file has been transmitted. Distinguishing delivery method from the 
media distributed applies specifically to telecommunications networks, as most other delivery systems are either 
inherently streaming (e.g., radio, television) or inherently nonstreaming (e.g., books, video cassettes, audio 
CDs). For example, in the 1930s, muzak was among the earliest popularly available streaming media; nowadays 
Internet television is a common form of streamed media. The term "streaming media" can apply to media other 
than video and audio such as live closed captioning, stock ticker, and real-time text, which are all considered 
"streaming text". 
Live streaming, delivering live over the Internet, involves a camera for the media, an encoder to digitize the 
content, a media publisher, and a content delivery network to distribute and deliver the content. 
 
4.2 SETUP 
The total settings are containing with some software and web server. 
 
4.3 VIDEO CAPTURING UNIT 
Capturing unit is the use of video cameras to transmit a signal to a specific place, on a limited set of monitors. It 
differs from broadcast television in that the signal is not openly transmitted, though it may employ point to point 
(P2P), point to multipoint, or mesh wireless links.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                        Fig :4.1 Capturing unit for real-time video 
 
4.4 STREAMING SYSTEM 
Live stream works with the following system: 
Stream output is the name of the feature of broadcasting that allows outputting any stream read by file or as a 
network stream instead of displaying it. Different kind of processing can be applied to the stream during this 
process (transcoding, re-scaling, filters, re-muxing...). Stream output includes different modules, each of them 
having different capabilities. One can chain modules to enhance the possibilities. Standard allows to send the 
stream via an access output module: for example, UDP, file, HTTP, ... You will probably want to use this 
module at the end of your chains.  
transcode is used to transcode (decode and re-encode the stream using a different codec and/or bitrate) the audio 
and the video of the input stream. If the input or output access method doesn't allow pace control (network, 
capture devices), this done "on the fly", in real time. This can require quite a lot of CPU power, depending on 
the parameters set. Other streams, such as files and disks are transcoded as fast as the system allows it.  
duplicate allows you to create a second chain, where the stream will be handled in an independent way. 
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display allows you to display the input stream, as VLC would normally do. Used with the duplicate module, this 
allows you to monitor the stream while processing it.  
rtp streams over RTP (one UDP port for each elementary stream). This module also allows RTSP support.  
es allows you to make separate Elementary Streams (ES) out of an input stream. This can be used to save audio 
and video streams to separate files, for instance.  
bridge-out TODO  
bridge-in TODO  
Mosaic-bridge TODO. 

 
 
4.5 REMOTE CONTROL ADMINISTRATOR & USER LOGIN 
This website part is for using in control room. First the controller needs to get the user name and password from 
the system administrator. Then he will be eligible to access the videos. The video section also categories with 
different sections. Such as, one unit in one section and rest units in others. One unit may contain 25-30 video 
players. That can control the amount of rail crossing. Presently the site is available at bdallinfo.com/railway.  
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4.6 ADMINISTRATOR AREA 
Administrators, commonly known as admins or sysops (system operators), are rail gate controller who have 
been granted the technical ability to perform certain special actions on controlling, including the ability to 
control train, block vehicles, allow pedestrians etc. tools. 
This is the real view of controlling system. From the videos the operator can take any decision and can give any 
command from remote.  
 
 
5 CONCLUSIONS:  
The world has started experiencing more digital devices that has made observation and response according to 
situation demand much easier. By using this application we hope that railway accidents in Bangladesh could be 
reduced in a significant number.  
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Abstract 
 

Recently, scientist and researcher are trying to seeking new source of energy because energy is needed 
everywhere and every time. Vibration and sound are one kind of unconventional mechanical energy source 
which is lost everywhere. Our main goal is to utilize and save this lost energy. In this industrialization, every 
heavy machines and industrial appliances produce sound and vibration at a time. This paper shows the process 
of harvesting from these lost energy by using piezoelectric material. Piezoelectric materials have a crystalline 
structure that provides them with the ability to transform mechanical strain energy into electrical charge and, 
vice versa, to convert an applied electrical potential into mechanical strain. This property provides these 
materials with the ability to absorb mechanical energy from their surroundings, usually ambient vibration, and 
transform it into electrical energy that can be used to power other devices as well as storing in battery. 
 
Keywords: Vibration, sound, piezoelectric material, harvesting energy, electrical energy.   
 
1. Introduction 
The increasing desire for completely self-powered electronics has caused the amount of research into power 
harvesting devices to become progressively larger over the last decade. One early study into power harvesting 
was investigated the ability to generate energy from the expansion and contraction of the rib cage during 
breathing. A prototype of the power harvesting system was constructed using polyvinylidene fluoride (PVDF) 
film and was implemented in vivo on a mongrel dog. The prototype was demonstrated to produce a peak voltage 
of 18V, which corresponded to a power of about 17µW. The discovery of a strong piezoelectric effect in 
polyvinylidene fluoride (PVDF) polymer, by Kawai in 1969 [1], further added many applicationswhere 
properties such as mechanical flexibility are desired.With the research into power harvesting devices growing, it 
was determined that the power found from this system is not so high that is why its power is basically used for 
portable electronic devices as a self-powered device or  it can be saved in battery for later usage [2]. With the 
recent advances in wireless and MEMS technology, sensors can be placed in exotic and remote locations. Since 
these devices are wireless it becomes necessary that they have their own power supply. The power supply in 
most cases is the conventional battery; however, problems can occur when using batteries because of their finite 
life span. Furthermore, in the case of sensors located on civil structures it is often advantageous to embed them, 
making access impossible. In this paper, a device has been developed by using fundamental characteristics of 
piezoelectric effect to utilize and convert the mechanical vibration to electric power. 
 
2. Fundamentals of piezoelectric material  
The conversion of mechanical energy into electrical one is generally achieved by converters alternator type or 
commonly known dynamo. But there are other physicalphenomena including piezoelectricity that can 
alsoconvert mechanical movements into electricity. The piezoelectric effect exists in two domains, the first isthe 
direct piezoelectric effect that describes the material’sability to transform mechanical strain into electricalcharge 
and the second form is the converse effect, which hasthe ability to convert an applied electrical potential 
intomechanical strain energy as shown in Fig. 1. The piezoelectric materials that exist naturally as quartz were 
not interesting properties for the production of electricity, however artificial piezoelectric materials such as PZT 
(Lead  Zirconate Titanate) present advantageous characteristics. The piezoelectric strain coefficients describe 
the relationship between the applied electric field and the mechanical strain produced.Characteristic features  [3] 
of soft piezo ceramic materials are comparably high domain mobility and resulting “soft ferroelectric” behavior, 
i.e. it is relatively easy to polarize which is used for sound conversion and “Hard” PZT materials can be 
subjected to high electrical and mechanical stresses which is usedfor vibration.  
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Fig. 1. Piezoelectric effect 
 
3. Sound and noise as energy  
Soundis a form of mechanical energy produced by vibrations.A waveis a disturbance that transfers energy 
through matter or space. It travels in longitudinal (compression) waves and moves much slower than the speed 
of light. In engineering, noise is defined as a signal that interferes with the detection of or quality of another 
signal [4]. Basically, noise is unwanted sound. It is a pollutant anda hazard to human health and hearing. Table 1 
shows the different sound level which is usually used. The high intensity sound or noise is shown in table 2 has 
sufficient energy for conversion.There are several terms of measuring sound are considered as main factors of 
EMS like types of sound source, sound intensity, pressure power, power level, velocity, types of wave, 
Frequency and  pitch. 
 

Table 1.  Loudness of sound in decibel.Table 2. Some sound sources with power [5]. 

 
Energy equation of progressive wave [6] 
For a particle vibrating simple harmonically, the general equation of displacement,Y= a sin (ωt +α) 
Here y is the displacement and a is the amplitude and α is the epoch of the vibrating particle and ω is the angular 
velocity. The total (kinetic + potential) energy of a vibrating particle, E= 2π2 ma2 n2 .This energy is supplied 
bysource that is,Energy transfer per unit area per second = 2π2ρn2a2 �. 
 
4. Amplification of sound 
As the high output energy is dependent on the high deflection of piezoelectric material so it can be said that if 
the source sound intensity and pressure can be raised then energy will high. There are several methods [7] of 
amplification of sound. The method of Fig. 2 and 3 is called whispering galleries and Fig. 4 represents the     
intensity of sound at a point due to a plane wave front. In this method, basically sound waves are redirected at a 
point which is usable in this experiment to raise sound intensity. 
 

                                    
                        Fig. 2                                        Fig. 3                                        Fig. 4 
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5. Mechanical vibration 
Vibration is the motion of a particle or a body or system of connected bodies displaced from a position of 
equilibrium. Most vibrations are undesirable in machines and structuresbecause they produce increased stresses, 
energy losses, induce fatigue.Vibration occurs when a system is displaced from a position of stable equilibrium. 
Thesystem tends to return to equilibrium position under the action of restoring forces. The system keeps moving 
back and forth across its position of equilibrium. 
 
Energy and power expressions of vibration [7] 
This section will review some important ideas in energy and power in mechanical systems. If an increment of 
mechanical work on a particle ofmass M is denoted as ∆W, then this amount of work can be calculated using the 
force applied tothe particle along the incremental change in path, dr, of the particle as follows: 
 

∆ .                                                                              (1) 
 
where the  denotes a dot product between the force and differential displacement vector.Because thekinetic 
energy, T, of a particle is equal to the rate of change in ∆W with time, a convenientexpression for T can be 
derived as follows: 

lim∆
∆
∆

.                                                                      (2) 
 
6. Experimental setup and procedure 
Figure 5 shows the block diagram of this harvesting process. The wave emits from sound source has no any 
specific direction. It spreads into several directions around the source. That is why it is very tough to accumulate 
all sound pressure in a point. In this paper a device has been designed which can focus several waves within its 
range in a point and increases the sound intensity at a focus point shown in Fig.6 and 7. Its helps to better 
displacement of piezo material which is kept into focus point as well as better output voltage. Figure 7 shows 
the dimensions of the design of focusing cone. Sound wave fromdifferent direction can be reflected by sound 
reflector face and the reflected wave is focused on the piezo material. Thus the intensity of sound has been 
increased by using this device and more energy can be converted. 
 

 
 

Fig. 5. Block diagram of harvesting energy vibration and sound source. 
 
 
 
 
 
 
 
 
 
 
 
 
 
             Sound source   wave    focusing cone 
 

Fig. 6. Striking the piezo material by sound pressure           Fig. 7. Piezoelectric device (focusing cone) for 
(Solid works drawing)                                            converting sound to electric energy. 
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8. Experimental results and discussion 
The output voltage which is the result of deflection of piezoelectric material fluctuates in the range about 1.5-3.0 
volt. At the same time the amount of current is very low in mA ranges that are the power harvested from this 
experiment is small in amount. The material was placed in several positions on diesel engine. As the vibration 
rate of engine is not same at different places so the voltage found varies with respect to position. Table 3 shows 
the acceleration of rms and peak value, velocity, displacement and voltage. Data from table has been presented 
in graph which depicts clearly.In fig. 10(a), high voltage 2.96v is found at point 8 on the machine as well as the 
high voltage is recorded at high acceleration at the same point on the machine. 

 
Table 3.Acceleration, velocity, displacement and voltage on different point of diesel engine. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is very clear from Fig. 10(b) that acceleration and displacement over voltage fluctuates very rapidly. In the 
region of voltage 2.6 to 3, Acceleration and displacement is high. From data table, at point 8 the voltage is high 
and at this point the voltage is gradually increasing with respect to time as shown in Fig. 11(a). There is no any 
abrupt fluctuation of voltage at the same time it is nonlinear voltage. Figure 11(b) follows the ideal curve of 
velocity and maximum velocity found in this experiment is 0.489 cm/s.The data recorded only on the basis of 
vibration. The harvesting energy from sound is very sensitive and complex. The method is mentioned above 
about sound and a prototype is also modeled which can transduce sound into electric energy. Finally this two 
energy is sum up in a circuit and stored in battery or used in MEMS. The major limitations facing researchers in 
the field of powerharvesting revolve around the fact that the power generatedby piezoelectric materials is far too 
small to power mostelectronics. 
 

 
 

(a) Voltage vs Point                          (b) Acceleration and Displacement vs Voltage 
 

Fig. 10. Output voltage at different point on the diesel engine. 
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v Rms Peak 

1 10.57 14.95 0.489 0.0131 2.06 
2 8.84 12.50 0.191 0.0123 1.66 
3 9.17 12.98 0.489 0.0139 1.99 
4 7.36 10.41 0.431 0.0183 1.92 
5 7.96 11.26 0.204 0.0059 1.73 
6 9.65 13.65 0.189 0.0021 1.58 
7 8.18     11.57 0.335 0.0178 2.18 
8  11.78 16.66 0.462 0.0099 2.96 
9 1.56 2.20 0.179 0.0122 2.42 

10 9.11 12.89 0.471 0.0176 2.75 
11 2.30 3.25 0.191 0.0287 2.85 



 
 

Page | 199  
 

 
 
                         (a) Voltage vs time at point 8                                         (b) Velocity vs voltage 
 

Fig. 11. Output voltage representation over time at a fixed point and velocity at different point. 
 
Therefore, methods of increasing the amount ofenergy generated by the power harvesting device or developing 
new and innovative methods of accumulating the energyare the key technologies that will allow power 
harvesting to become a source of power for portable electronics and wireless sensors. However, the rechargeable 
battery can becharged and then used to run any number of electronic devicesfor an extended period of time 
while being continuouslycharged by ambient motion. Innovations in power storagesuch as the use of 
rechargeable batteries with piezoelectricmaterials must be discovered before power harvesting technologywill 
see widespread use. 
 
9. Conclusion  
In this paper a system has been developed which can transduce vibration and sound into electrical energy.In this 
project, the converted energy is measured in a voltage by proper experiment. The maximum voltage was found 
2.96 volt. This paper shows the result found from only vibration which was practically done in lab on diesel 
engine. Different machines vibrate at different level and release energy at also different level. So this technology 
can be used in higher vibration sources for transducing higher energy. However, the research topic is also 
related to sound. For this reason a prototype model has been designed for converting sound energy to electric 
energy. Thisresearch has developed a model and processto generate power through the vibration and sound of 
any heavy machine using piezoelectric elements. The electricalenergy harvested from ambient vibration and 
sound can then be used to power other devices or stored for later use. Despite some limitation of arrangements 
and materials the model was verified usingexperimental results and proved to be very accurate independent of 
excitation frequency.Further research is also necessary to implement both sound and vibration converting 
technology largely and integrate them in a structure for better future success of this project.   
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