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Abstract— Driver’s distraction has been listed as the
leading contributing factor to traffic accidents for the past
decades. This paper focuses on developing an approach to
detect distraction real time by analyzing driver’s visual feature
from the face region. The proposed approach uses visual
features such as movement of eye and head to extract critical
information to detect driver attention states and to classify it as
either attentive or distracted. Deviation of eye center and head
from their standard position for a period of time is considered
to be useful cues for detecting lack of attention in this
approach. At first face detection is performed after which
region of interest (ROI) - eye and head region, are extracted
using facial landmarks and lastly, head and eye movements are
detected to classify attention state. To evaluate the system
performance, we conducted an experiment in a real driving
environment with subjects having different characteristics.
Our system achieved on average 92% accuracy in detecting
attention state for all tested scenarios.

Keywords—distraction; eye movement; head movement; eye
center, yaw angle;

I. INTRODUCTION

In their Global status report on road safety 2015, World
Health Organization (WHO) [1], showed that road traffic
injuries are emerging as a leading cause of death causing
more than 1.2 million people to die globally. In their report,
WHO listed Distracted driving as a dangerous and growing
impedance to road safety.

There has been a terrible rise in road accidents in
Bangladesh over the past few years. According to a leading
newspaper of Bangladesh in the past three and a half years,
around 25,120 people died in road crashes across the country
and 20 people were killed daily. In the last three and a half
years 62,482 people were killed in the road according to the
report [2]. In WHO's Global Status Report on Road Safety
2015 [1], road traffic death has been estimated 13.6 per
100,000 population in Bangladesh.

There is a strong amount of proof that suggests that
driver's distraction is one of the prime factors in road
accidents globally [1,3]. Driver's distraction not only caught
the attention of international researcher as a prominent risk
factor for traffic accident but also researcher's from
Bangladesh has also identified it as contributing factor to
traffic crashes [4, 5]. All these facts suggest the need of
introducing intelligent assistance tools in vehicles which will
be able to detect driver’s distraction and take
countermeasures to reduce traffic crash risks related to
driver’s distraction.
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Distraction can be define as a process of diverting one’s
attention from a desired area of focus which results in
blocking or diminishing the reception of desired information.
A more formal definition of distraction is proposed in [6]:
“Driver distraction is a diversion of attention away from
activities critical for safe driving toward a competing
activity”. The root of driver distraction are variegated and
results in hazards. National Highway Traffic Safety
Administration (NHTSA) classifies distractions into the
following four categories namely- visual, cognitive, auditory
and biomechanical based on driver’s in vehicle functionality
[7]. Here, we are mainly focusing in visual distraction which
can be define as looking away from the roadway focusing on
something else. This paper focuses on developing a
distraction detection system in real time and it will be helpful
to create alertness while the driver is in a distracted state and
can be incorporated in driver’s attention monitoring system.
The proposed system obtain some visual cues such as
movement of eye and head which seek a real-time record of
driver’s to detect visual distraction.

II. RELATED WORK

Driver distraction being one of the most important factors
in highway crashes, distraction detection has been a very
active research field for the past few decades and a
comprehensive number of approaches have been developed.
They can be grouped into- physiological, driving behavioral,
visual feature based and hybrid approach. This section
summarizes some of these very recent works in distraction
detection.

Physiological approaches require analysis of crucial cues
such as brain signal, skin conductance, heart /pulse rate, etc.
A framework was proposed by Wang et al. [8] that is able to
detect driver distractions measuring brain activity by
analyzing electroencephalographic (EEG) signals. A model
was proposed for driver distraction in [9] based on EEG data
to estimate the level of distraction by monitoring the effects
of the dual tasks in a virtual reality (VR)-based simulation.

Driving-behavior-information-based approaches evaluate
the driver’s driving behavior i.e. a set of all real-time
tractable driving information, such as speed, acceleration,
lane changing etc. over time. Craye et al. presented a multi-
modal approach based on a driving simulator platform
equipped with several sensors, to acquire data such as audio,
color video, depth map, heart rate, and steering wheel and
pedals positions etc. for driver fatigue and distraction
detection [10].
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Fig. 1. Schematic diagram of driver’s attention monitoring system

Visual-feature-based approach uses visual features from
the driver's facial images. Xing et al. proposed a feedforward
neural network (FFNN) based system to monitor drivers and
identify driving tasks based on 3-D head rotation angles and
the upper body (hand and arm at both sides) joint positions
using Kinect in a real vehicle [11]. Tores et al. propose a
system able to monitor drivers video surveillance using
convolutional neural network [12]. A semi-supervised
method was proposed by Liu et al. to classify driver’s state
into the category- attentive and cognitively distracted using
eye and head movements [13]. Another similar work was
proposed by Vicente to accurately detect Eyes Off the Road
(EOR) based on head pose and gaze estimation [14]. Another
work based on eye state and head pose was developed by
Mbouna et al. that monitors alertness of a vehicle driver
continuously[15]. A very recently Alam et al. proposed a
driver’s attention monitoring system based on visual cues
that estimates the driver’s attentional status based on a
variety of parameters such as, percentage of eyelid closure
over time (PERCLOS), yawn frequency and gaze direction

[16].

Recently, a very few research works have been done for
detecting driver inattention level by combining different
approaches. Yao et. al explored the connection between a
driver’s visual features and driving behaviors of distracted
driving and implemented the random forest (RF) method to
classify and improve the detection accuracy [17]. Another
system was developed recently to detect vigilance level by
combining driver's electroencephalogram (EEG) signals and
driving contexts [18].

As measures from visual cue have the advantage of being
inconspicuous for being able to be recorded using input
device from far away, we are interested to develop a system
that can detect visual distraction from visual cues such as-
eye and head movement.

III. PROPOSED DISTRACTION DETECTION FRAMEWORK

The key goal of this work is to develop a framework
which will be able to detect driver’s visual distraction in a
real driving environment. We focused on only two cues: eye

and head movements in this work despite there are lots of
cues involved in detecting the visual distraction. Fig. 1
illustrates the block diagram of our proposed system which
consists of seven main modules. Following subsections
describe each module in details.

A. Image Acquisition

The proposed system starts with acquiring video data of
driver’s frontal face to extract visual cues that typically
characterize a driver’s attention state. A simple USB plug
and play web camera (Logitech C170) is used for the
proposed system. The input device is placed on the car’s
dashboard in a way that the driver’s facial feature can be
captured which is sent to the next module.

B. Face Detection and Tracking

An RGB frame (Frggs) of a video sequence is taken as
input by this module and converted to gray scale using the
following equation:

Fgray = 0.299 xR + 0.587 X G + 0.114 xB (1)

For face detection, Viola-Jones face detection algorithm
[19] is used, which returns the positions of all the detected
faces in the frame as rectangles. Then using the integral
image we calculated the area of the rectangles, as more than
one face can be captured in a frame in the real driving
scenario, we considered the "Closest" face (f) as our subject
of interest (driver), which has the largest area.

A face is detected in the first frame and is tracked in the
consecutive frames using face tracking algorithm [20] unless
the face got lost. This mechanism made face region
extraction less complex. The face region is then used by the
next module to detect landmark points.

C. Facial Landmarks Detection

After detecting and tracking face we need to obtain
additional information about the face. Based on used detector
we can assume rough orientation, but details remain
unknown.



Faces have some common stable characteristic such as
inner and outer corners of eyes etc., which we need to
determine to detect driver’s attention state. These prominent
regions can be localized using facial landmarks. A wide
range of facial landmark detectors is available, all of which
are used to localize and label the facial regions. Different
facial landmark detectors specify a different number (and
location) for these points. The facial landmark detector used
by our proposed system is an implementation of the [21] and
trained using iBUG300-W dataset [22]. The indexes of the
68 coordinates can be visualized on the image given in Fig.
2.

For each frame (Fary), the location of the major points of
interest of the facial structure of the detected face region (f)
by the previous module was obtained using the facial
landmark detector. In order to detect eye and head
movement, we are particularly interested in point related to
eye and head region.

D. Eye Movements Detection

To detect movement of the eye, the center of eyes are
detected to determine the rate of deviation of eye centers
from the standard position.
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Fig. 2. Visualizing each of the 68 facial coordinate points used by our
system

In order to do so at first, the location of the center of the
eye has been detected. To facilitate the detection of eye
center some preprocessing on both left and right eye image
found by six (X, y)-coordinates from the previous modules
are performed individually. Fig. 3 shows the points related to
eye region which were used to detect eye movements.

AT

(a) Right eye

(b) Left eye

Fig. 3. Point used to obtain eye movements

At first, the eye images are resized using the bilinear
interpolation method. Then the histogram is calculated
improves the contrast in the image. A threshold is
determined based on the maximum count and the size of the
image size from the histogram. Then pixels with exceeding

the threshold value are eliminated and were considered as
skin pixels. And lastly, noise removal was done by
performing erosion followed my dilation. Fig. 4 shows the
preprocessing steps performed to detect eye movements.

Form fig. 4, we can see that the visible eyeball area found
from the last step can be considered to be an ellipse. And to
detect the boundary of this ellipse on the binary image border
following algorithm by Suzuki and Abe [23] and
approximation algorithm [24] to present an ellipse shape of
vector points were implemented.

The center of this ellipse can be used to indicate the eye
center. For pixel intensities /(x, y) moments m;; can be used
to calculate the centroid (%, y) [25] of the ellipse:
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Fig. 4. Preprocessing steps for detecting the eye movemnets

Eye Movement (EM) can be classified into left, front and
right using threshold value Ty by (4) once center (X,y) of
both eyes has been calculated.

Left; lf 0> Tg
EM = {Right;elseif —19 <8 4
Front; Otherwise

A _ _
Here, 8 = tan™?! (ﬁ) ; whereas Ax = xp — X, Ay =

¥, — ¥, and (¥;,y,) and (X, yr) are the center of left and
right eye respectively.

E. Head Movement Detection

Head movement can be estimated by localizing 15-facial
landmarks points marked as blue dots in Fig. 5 found from
Facial Landmarks Detection and thus head rotation
calculation was performed.

Head rotation was calculated by using the classic solution
of Perspective-n-Point (PnP) problem [26] - which works as
follows:

h=@r0" (5

where, h is 3D head pose and consists of 6 Degree of
Freedom (DOF) i.e. r = (rx, 1y, 17) T for rotations, and t = (ts,
ty, t,) T for translations.

Then the head pose is calculated by the perspective
transformation as follows:

slp,1]" = M[R|¢]P" (6)

Here, s is scaling factor, M stands for camera matrix and
the joint rotation-translation matrix is expressed as [R[t].



Matrix R obtained using Rodrigues rotation formula is given
in (7) and is used to calculate vector r = (73,73, 7).

0 —n n
R=cosOl+(1—cosO)rrT +sin6|n, 0 -nr| (7)
-1y, Ty 0

where, | is vector in [1% and 6 = ||r]|,
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Fig. 5. 15 points marked as blue dots used for estimating head rotation

Then vector r, which represent head rotation in degree is
used to obtain the Euler angle yaw(a) and is used to model
the head movement (HM) by using threshold values
Thq,and Th,,(The, > Thy,) in (8).

Left; if —Thy, < a <—Thg,
HM =< Front; if —Th,, <a <Th,, (8)
Right; if The, <a <Thg,

F. Gaze Analysis

To detect driver’s distraction, we emphasized on
analyzing driver’s gaze direction. Both eye and head
movements were considered to obtain the gaze. These visual
cues of driver’s facial region are captured, extracted,
calculated, stored and updated continuously and are
represented graphically.

G. Attention State Detection

The data from the previous component is used to detect
the attention state of the driver by estimating eye and head
movements for past few frames.

For a driver, the nominal eye and head direction are
frontal. Deviation of eye or head or both from its standard
direction for an extended period of time (T) can be classified
as a visual distraction. So, Gaze direction (GD) is computed
as a combination of EM and HM for over T time and can be
defined as,

GD = {FM,HM};  (9)

Situations such as wide head rotation, wearing sunglass
etc. when eyes are not visible, GD can be obtained using
only the HM.

Our system classified driver’s attention state using (10).

Distrcated; GD == Right||GD == Left

Attention State = { Attentive; Otherwise

(10)

IV. EXPERIMENTAL ANALYSIS

The proposed system was tested in terms of robustness,
accuracy and detection time on a Windows 10 PC with an
Intel Core i5 1.60 GHz processor and 4 GB RAM.

To evaluate the system, we conducted an experiment in a
real driving scenario with different subjects (drivers). The
major objective of this experiment was to

e Verify the validity of detected eye and head
movements

e Measure the accuracy of the system in detecting
attention status.

e Report detection time.

A. Participants

A total of ten participants both male and female having
different facial features, hairstyles and wearing different
accessories(such as spectacles, sunglass, and cap)
participated in this experiment. The average age of
participants is 32.4 years (SD = 4.45).

B. Experimental Setup.

Experimental Environment is created by the web camera
with the computer via USB and also set the camera in a
proper position on the car dashboard in front of the driver.
During testing, the participants were asked to be seated
directly in front of the camera in the driving seat. For this
experiment, Logitech C170 was used. Fig. 6 shows the
experimental setup.

Camera

Fig. 6. Experimental setup

C. Evaluation Measures.

e Verification of the validity of detected eye and head
movement are done based on two criteria- false
positive rate (FPR) and false negative rate (FNR),
using (11) and (12).

FP
FP+TN

FPR =

(11D



where FP stands for the total number of false
positives and TN for the total number of true
negatives.

FN
FN+TP

and FNR =

(12)

where FN stands for the total number of false
negative and TP for the total number of true positives.

e Accuracy of detecting attention state was measured
using (13), for the video sequence.

Cr
Accuracy = T X 100%
F

(13)

where, Cr is the total number of frames in which
attention status was accurately detected and Tr is the
total number of frames in the video sequence.

D. Experimental Procedure

Participants were asked to ride the with an average speed
of 20 kilometers as well as to move their face and eye
direction to left and right, speak, blink randomly to evaluate
the system performance. A 45 minutes video which contains
more than 45000 frames. was captured and analyzed to
verify the validity of detected eye and head movements and
detected attention state and to measure the attention state
detection time of our proposed system.

E. Results

The results of the experiment to evaluate the system
performance and time complexity are explained as follows:

1) Validification of the
movements

In the case of eye and head movement, false positive
occurs when the subject's head/ eye is not in frontal direction
but the system detects it in the frontal direction. And false
negative occurs when the head/ eye is in frontal direction but
the system detects it in other (right/left) direction. FPR and
FNR for detecting eye and head movements is given in Table
I and Table II. Fig. 7 shows some of the sample frames with
a subject wearing different accessories from the experiment.
Subject wearing spectacle affected the performance of
detection of eye movement and wearing sunglasses makes it
impossible to detect the eye movement, whereas head
movement is not affected by any of the situations much.

detected eye and head

TABLE L EXPERIMENTAL RESULT FOR EYE MOVEMENTS
Situation FPR (%) | FNR (%)
Subject 3.8 5.1
without
spectacles
Subject with | 16.7 12.5
spectacles
Subject 3 57
wearing cap

TABLE II. EXPERIMENTAL RESULT FOR HEAD MOVEMENTS
Situation FPR (%) | FNR (%)

Subject 6.2 4.8
without
spectacles
Subject with | 7.1 4.2
spectacles
Subject with | 5.8 3.5
sunglass
Subject 6.8 5.1
wearing cap

2) Accuracy of detecting attention state

The overall performance of the system was determined
using equation (13). Table III shows the overall accuracy of
the proposed system in detecting attention state. Fig. 8 shows
sample frames of a subject with different attention state.

3) Detection time of the system

In order to evaluate the time complexity, we observed the
time taken by the system to detect the face, facial landmarks,
eye and head movement and attention state for a single frame
for each participant in milliseconds (ms). Analyzing the data
we can say that our system on average takes 14 ms to detect
face, 15 ms to detect facial landmarks, 22 ms to detect eye
and head movements and 5 ms to classify attention state. In
another word, we can say that it takes 56 ms i.e. 0.056
seconds(s) to perform the operations on each frame.

F. Discussion

Results from this experiment suggest that our system is
quite accurate in detecting eye and head movements and
indicate that overall accuracy of our system is 92% and the
system can run at about 18 frames per second (fps).

V. CONCLUSION

This paper proposes a system that detects distraction in
real-time using the video stream captured from a web camera
placed on the dashboard. The system is able to detect
distraction under a variety of facial characteristics (such as
facial features, hairstyles, and accessories) of the driver. The
system achieved accuracy of around 92 % for the entire
situation. Our experiments showed that our eye and head
movement detection algorithm is robust. The inclusion of
warning system to warn the driver while distraction is
detected is kept as future work.

(d) Subject wearing cap

(c) Subject with sungass

Fig. 7. Sample frames form the experiment while valdating detection of
eye and head movements

(b) Distracted

Fig. 8. Sample frames form the experiment while determining of
detecting attention state

(a) Attentive
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OVERALL ACCURACY OF THE SYSTEM IN DETERMINING
ATTENTION STATE- ATTENTIVE AND DISTRACTED

Participant
No. Tf Cf Accuracy
1 4875 4388 90
2 4932 4697 95
3 4842 4692 97
4 4156 3727 90
5 4860 4392 90
6 4902 4462 91
7 4730 4117 87
8 4172 3933 94
9 4275 3957 93
10 4529 4287 95
Total 46273 Average 92
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