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ABSTRACT

The objective of A smart phone enabled behavior monitoring system for alerting distracted drivers work is to build a driver
monitoring system. Nowadays because of the road accidents every year the death rate keep on increasing and the vehicle
production rate is also increasing. So Drive Safe application is developed to alert the drivers for dangerous driving events with
respect to driver behavior and road conditions. This system focuses on five of the most commonly occurring dangerous driving
events: drowsy driving, inattentive driving, lane weaving and drifting, vehicle detection and messaging system. Driver behavior
is monitored with his head pose and eye state using front camera of the mobile. If the driver head pose and eye state conditions
are detected not correct means that the driver is drowsy or inattentive. Similarly in the rear camera the dangerous driving
condition at the road are detected with respect to lane conditions and vehicles (living being, non-living being) on the road. If he
driver driving badly with respect to lanes on the road and if any vehicles coming in front of the vehicle very close it will be
detected. For the above system detected dangerous events on any of the camera, the system alerts the driver by displaying an
alert icon on the phone’s touch screen along with an audible alert message. To process the video frames from both front and
rear camera a context switching algorithm is used. So that the driver will be notices in both the way and alerted for them. A
messaging system is also employed to know the urgent and important calls while the driver is driving. A text message saying that
the driver is busy is send to the caller who is making more number of calls. So that the driver can know about the urgent and
important information’s even while driving.
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1. INTRODUCTION

Driving while being tired or distracted is dangerous. A total of 4, 80,652 road accidents took place in India last year resulting in the
loss of 1, 50,785 lives and inflicting serious injuries on 4, 94,624 persons which because of directly attributed to distracted drivers.
Surprisingly, many people drive while being tired or drowsy and according to experts, many drivers fail to recognize they are in a
fatigued state. Tracking dangerous driving behavior can help raise drivers’ awareness of their driving habits and associated risks,
thus, helping reduce careless driving and promoting safe driving practices. Today’s top-end cars come with a wealth of new safety
features built-in. These include collision-avoidance, drowsy driver feedback (e.g., vibrating steering wheel), pedestrian detection.
By fitting advanced sensors into the vehicle (e.g., night cameras, radars, ultrasonic sensors), the car can infer dangerous driving
behavior, such as drowsiness or distracted driving. However, only a tiny percentage of cars on the road today have these driver alert
systems; it will take a decade for this new technology to be commonplace in most cars across the globe. Many mobile applications
are available today for drive safely. But some are by default disabling the social media applications and others send default text
messages to the numbers from where call come to that particular mobile which is using that app. Because of this condition the
drivers are isolated and no information is shared or come to know to the drivers while they are driving. For the emergency purposes
to they are not allowed to use the mobile is they are using that app.

So for the above reasons we propose Drive safe, the first driver safety app that uses both cameras on smart phones. DriveSafe uses
computer vision and machine learning algorithms on the phone to detect whether the driver is tired or distracted using the front-
facing camera and road conditions in rear camera. A messaging system is employed to tell the person whose is calling the driver
when he is in driving. Several research projects are designing vision-based algorithms to detect drowsiness (using fixed mounted
cameras in the car) of the driver. These solutions usually detect driver states. Optalert Alertness Monitoring System (OAMS) find
the drowsiness of the driver by using Johns Drowsiness Scale (JDS), Karolinska Sleepiness Scale (KSS) Algorithms that result
the effects of OAMS feedback reduces drowsiness (JDS peak scores), self-reported alertness (KSS), and improves driving
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performance appraisal (safe distance ratings)[1]. Visual Analysis of Eye State and Head Pose for Driver Alertness Monitoring
system uses eye index (El) and head pose (HP) to find the eye state and head position with a single camera using Ada Boost
algorithm.

Fig -1: Driver Monitoring System

2. FRAMEWORK OF DRIVE SAFE APPLICATION

The overall architecture diagram of the Drive safe app includes four event engines to find the dangerous driving conditions namely
dangerous driver event engine and dangerous road event engine.
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Fig — 2: Overall Architecture of Drive Safe Application

This driver monitoring system focuses on four of the most commonly occurring dangerous driving events. In Driver classification
there are two module events and at Road classification there are two module events.

Driver classification in Front camera

e Eyeeventengine
e Face event engine

Road classification in Rear camera

e  Car detection engine
e Lane weaving and drifting engine

When the driver face and eye state meets the dangerous conditions then the process will enter into Driver classification engines
namely eye event engine and face event engine. When the road condition meets the dangerous driving condition then the process
will continue with Road classification engines namely Object detection engine and Lane weaving and drifting engine. After the
detection the dangerous events alert will be given to driver on the touch screen with an audible alert.

The event descriptions are follows:

2.1 Driver Classification in Front Camera

It has two event engines namely dangerous eye event engine and Dangerous face event engine. Eye event engine will do the eye
detection and angle detection of the eye in addition to that driver head pose is also checked to determine whether the driver is drowsy
or not.
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Similarly Face event engine will do the face detection and angle detection of the face in addition to that driver head pose is also
checked to determine whether the driver is inattentive or not. The Fig - 3 dataflow diagram of driver classification in front camera
shows the process of driver classification with eye and face detection.
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Fig — 3: Dataflow Diagram of Driver Classification in Front Camera
The dangerous event engines are explained below in detail.
Dangerous Eye event engine

Using the driver head pose drowsiness of the driver is measured. When the driver head pose moves up or down above 45 degree
then it is declared that driver is drowsy. So the alert will be given to the driver with audible alert with message on the mobile display.

Dangerous Face event engine

Firstly the output of the face direction classifier is tracked. If the driver’s face is not facing forward for longer than three seconds
then a dangerous driving event is inferred. And then, we monitor the turn detector. Each time when a turn is detected, the output of
the face direction classifier is checked. If there is no head turn corresponding to turning event then the driver did not check that the
road is clear — as a result, a dangerous event is inferred. Inattentive driving recognizes four face related categories:

no face is present; or the driver’s face is either
facing forwards

facing to the left (a > 45 degree )

facing to the right (b > 45 degree)
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Fig — 4: Design of Front Camera Events
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Messaging System

While driving if the driver is getting a call, first time the call will be cut and a text message saying that the driver is busy will be
send back to the called person. If the call is coming again from same number means that it is urgent and important so that the driver
will be alerted with the called number saying that a particular number called twice. So the driver can know about the urgency and
by stopping the vehicle he can call back to called person which makes the driver known with the urgent information’s and also he
can drive safely. The following algorithm Message System explains the massaging system working.

Algorithm: Message System

(From driver call history)
If( n_missed call == 1)

Busy message to called person
Else if (n_missed call >=2)

Alert with called number to driver
end

2.2 Road Classification in Rear camera

In Road classification there are two event engines as similar to the Driver classification in front camera. They are Dangerous Lane
event engine and Dangerous Car event engine.

Lane event engine will do the lane detection to determine whether the driver is going in a wrong way or in a right way. Similarly
Car event engine will do the vehicle detection to determine the driver is going in a wrong way or in a right way.
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Fig — 5: Dataflow Diagram of Road Classification in Rear Camera

Fig - 5 Dataflow of road classification in rear camera shows the two of the most commonly occurring dangerous driving events with
respect to road conditions: Lane weaving and drifting and vehicle detection.

Lane Weaving and Drifting

Using the lanes on the road it is estimated that the driver is going in a right way or in a wrong way. If the driver is going near to the
lane or exactly on the lane then it is determined that the driver is going in a wrong way. So the driver is given with an alert. Else
mean that he is going in a right way, so no alert will be given.

Vehicle Detection

In vehicle detection, the vehicle going ahead to the car which uses this app will be detected. When the driver is going exactly straight
to the car and near to the car then it is estimated that the driver is going in a wrong way. So alert will be given to driver. The
following flow chart Fig -6 shows the Design of rear camera events.
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Fig — 6: Design of Rear Camera Events

Context Switching Algorithm

Context switching algorithm is used to switch between front and rear cameras. In drive safe app first the app will be set at the front
camera and the driver classification process will be continued till 30 frames (1 minute). After one minute the camera will be switched
to the rear camera and do the road classification. Again after 30 frames the context switch will continue. The below algorithm
context switch explains the working of it.

Algorithm: Context switch

if (camera at front)
if (nFrames >30)
move to rear camera
do the read classification
else
do the driver classification
else if (camera at rear)
if (nFrames > 30)
move to front camera
do the driver classification
else
do the road classification
end

The table-1shows some of the dual camera mobile phones with its switching delay. If the delay is less than the switching delay time
can be negligible. Less delay time works best.

Table-1 Mobiles and Its Switching Delay

Model Switching delay (ms) Face
F-R R-F Detection(ms)
Nokia Lumina | 804 2856.3 2032.5
900
Samsung Galaxy | 519 774 301.2
S3
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3. REQIUREMENTS AND ANALYSIS OF DRIVE SAFE APPLICATION

Software Requirements

MATLAB is the efficient way to work with the images. MATLAB (matrix laboratory) is a multi-paradigm numerical computing
environment and fourth-generation programming language. And Android environment is needed to run the application. Any android
version from 5.0 is sufficient to run.

Assumptions / Constraints Considered in the Experiment

Lighting conditions (eg overexposure, shadows), Smart phones with both the cameras and multicore processor with minimum
switching delay.

4. RESULTS AND DISCUSSIONS

Drive safe app will work well for color videos and non-color videos too. So no need of high quality videos. But the lightning
condition must be good enough. Face detection will work for both face with glass and without glass. But the eye detection will not
be efficient for face with glass.

We evaluated the drive Safe using different dataset collections, where we check the dangerous driving events with scenarios #1 of
three videos and #2 of three videos with six study participants. In the Dataset videos we converted the 1 second video into sequence
of frames in the rate of 30 frames per second. The key metric in drive Safe performance is its ability to detect instances of dangerous
driving under real-world conditions. For all the videos using the confusion matrix true positive, false negative, false positive and
true negative values are tabulated in the below table -2.

Table-2 Confusion Matrix for the Eye State Classifying

# of frames Detected
Open 250 2
Actual Closed 1 11

From the above table true positive rate (TPR) or recall, false positive rate (FPR), false negative rate (FNR), false positive rate (FPR),
accuracy (AC) and precision are calculated across all tested dangerous driving scenarios — including both controlled and normal
daily driving groups. We found the mean precision and accuracy for all scenarios and the accuracy of the Drive Safe is 95% which
is shown via the below Fig -7 and Fig -8.

Table-3 The Overall Accuracy for Detecting Dangerous Driving Conditions

Vide
0S TPR FNR FPR TNR AC Precision
1 0.99 0.91 0.83 0.91 0.98 0.99
2 1 0 0 1 1 1
3 0.7 1 0 1 0.95 1
4 0.99 0.28 0.56 0.94 0.99 0.99
5 0.74 0.25 0.83 0.94 0.81 0.94
6 0.79 0.21 0.32 0.98 0.95 0.73
Avg - - - - 95% 94%
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Fig — 7: Accuracy of Drive Safe for the Recorded Scenarios #1

© 2018, www.IJARND.com All Rights Reserved Page | 125



http://www.ijarnd.com/

Kanimozhi J, Subramanian R, International Journal of Advance Research and Development

1] Figure | = =

BN T Ve et Tase Duisy Wk e -

da & De s Q 1=

ACCURACY OF DRIVESAFE

3 o
54q
-
q £Y B2 03 04 95 08 @7 iA  #9 1
True Postive Rate
ACCURACY OF DRIVE SAFE
| - - - - -
> >
=
= a5
g
<
%1 1 0F 04 95 @88 o7 94 i3 1
True Negatve Rate
ACCURACY CF DRIVESAFE
e = =
%
5 45
b
<

) A . A A i )
Y& a1 &% ad _om 83 i® 04 &=
Falus Postive Rate

Fig - 8. Accuracy of Drive Safe for the Recorded Scenarios #2
5. CONCLUSIONS

This paper describes the design, implementation and evaluation of Drive Safe and presents results from a small-scale deployment
of the app in the wild. A new algorithm called context switching is implemented to context switch between the fronts and rear
camera to process the frames from both front and rear cameras. So the drivers are given alert based on both driver behavior and
road conditions and it will give protection to the drives from both the sides. Messaging system allows the driver to know about the
urgent and important information’s through text messages and alert. The performance of the overall system is 95% accurate. This
performance looks very promising with the real challenges of different driver contexts. Our future plan is to increase the accuracy
percentage.

6. REFERENCES

[1] Aidman, E., Chadunow, C., Johnson, K., & Reece, J. (2015). Real-time driver drowsiness feedback improves driver alertness
and self-reported driving performance. Accident Analysis and Prevention, 81, 8-13. https://doi.org/10.1016/j.aap.2015.03.041.

[2] All, E. B. V, Road, I., Union, E., Union, E., & Systems, D. A. (2014). Neurocomputing Hybrid computer vision system for
drivers eye recognition and fatigue monitoring bogus t aw Cyganek n, S 1 awomir Gruszczy n ski, 126, 78-94.
https://doi.org/10.1016/j.neucom.2013.01.048.

[3] Bener, A., Yildirim, E., & Lajunen, T. (2017). ScienceDirect Driver sleepiness, fatigue, careless behavior and risk of motor
vehicle crash and injury : Population based case and control study, 4. https://doi.org/10.1016/j.jtte.2017.07.005.

[4] Boboc, G., Dumitru, A. I., Girbacia, T., Postelnicu, C., & Mogan, G. (2018). Computers in Human Behavior Effects of
smartphone based advanced driver assistance system on distracted driving behavior: A simulator study, 83, 1-7.
https://doi.org/10.1016/j.chb.2018.01.011.

[5] Cheng, W., Liao, H., Pan, M., & Chen, C. (2013). A Fatigue Detection System with Eyeglasses Removal, 331-335.

[6] Dqg, H., Vwhp, O., Ulyhu, 1. R. U., Exonkdlu, V., Ovdkol, D. U. Z. D., Wkhhu, D. D. D., ... Eudklp, D. E. (2015). 0d\vrrq
$exonkdlu, 62(Scse), 555-564. https://doi.org/10.1016/j.procs.2015.08.531.

[7] Dwivedi, K., Biswaranjan, K., & Sethi, A. (2014). Drowsy Driver Detection using Representation Learning, 995-999.

[8] Eze, E. C., Zhang, S., Liu, E., Nweso, E. N., & Eze, J. C. (2016). Timely and reliable packets delivery over internet of vehicles
for road accidents prevention : a cross-layer approach, 5, 127-135. https://doi.org/10.1049/iet-net.2015.0112.

[9] Fazeen, M., Gozick, B., Dantu, R., Bhukhiya, M., & Gonzélez, M. C. (2012). Short Papers Safe Driving Using Mobile Phones,
13(3), 1462-1468.

[10] Fazeen, M., Gozick, B., Dantu, R., Bhukhiya, M., & Gonzalez, M. C. (2012). Short Papers Safe Driving Using Mobile Phones,
13(3), 1462-1468.

[11] Fernandes, B., Alam, M., Gomes, V., Ferreira, J., & Oliveira, A. (2016). Automatic accident detection with multi-modal alert
system implementation for ITS. Vehicular Communications, 3, 1-11. https://doi.org/10.1016/j.vehcom.2015.11.001

[12] Garg, R., Gupta, V., & Agrawal, V. (n.d.). A Drowsy Driver Detection and Security System.

[13] Gobhinath, S. (2017). AN AUTOMATIC DRIVER DROWSINESS ALERT SYSTEM BY USING GSM, 125-128.

[14 Hegde, R. (2017). A Smart Driver Alert System for Vehicle Traffic using Image Detection and Recognition Technique, 1540—
1543.

[15] Hsu, W., & Wang, Y. (2016). Real-Time Driving Monitor System: Combined Cloud Database with GPS, 1740-1748.
https://doi.org/10.1109/HICSS.2016.219.

[16] Ige, J., Banstola, A., & Pilkington, P. (2016). Mobile phone use while driving : Underestimation of a global threat. Journal of
Transport & Health, 3(1), 4-8. https://doi.org/10.1016/j.jth.2015.11.003.

[17] Jamsd, J., & Kaartinen, H. (2015). Mobile Applications for Traffic Safety.

[18] Jing, P., Huang, W., & Chen, L. (2017). Car-to-Pedestrian Communication Safety System Based on the Vehicular Ad-Hoc
Network Environment : A Systematic Review. https://doi.org/10.3390/info8040127

© 2018, www.IJARND.com All Rights Reserved Page | 126



http://www.ijarnd.com/
https://doi.org/10.1016/j.aap.2015.03.041

Kanimozhi J, Subramanian R, International Journal of Advance Research and Development

[19] Mammeri, A., Zuo, T., & Boukerche, A. (2016). Extending the Detection Range of Vision-Based Vehicular Instrumentation,
65(4), 856-873.

[20] Mbouna, R. O., Kong, S. G., Member, S., & Chun, M. (2013). Visual Analysis of Eye State and Head Pose for Driver Alertness
Monitoring, 14(3), 1462—-1469.

[21] Member, A. C., Galletta, A., Member, S., Carnevale, L., Fazio, M., Lay-ekuakille, A., Villari, M. (2017). An loT Cloud System
for Traffic Monitoring and Vehicular Accidents Prevention Based on Mobile Sensor Data Processing, 1748(c).
https://doi.org/10.1109/JSEN.2017.2777786.

[22] Mohammad, F., Mahadas, K., & Hung, G. K. (2017). Drowsy driver mobile application : Development of a novel scleral-area
detection method. Computers in Biology and Medicine, 89(July), 76-83. https://doi.org/10.1016/j.compbiomed.2017.07.027.

[23] Nasar, J., Hecht, P., & Wener, R. (2008). Mobile telephones, distracted attention, and pedestrian safety, 40, 69-75.
https://doi.org/10.1016/j.aap.2007.04.005.

[24] Nayak, P. P., & Williams, B. C. (n.d.). Fast Context Switching in Real-time Propositional Reasoning.

[25] Oviedo-trespalacios, O., Haque, M., King, M., & Washington, S. (2016). Understanding the impacts of mobile phone distraction
on driving performance: A  systematic review.  Transportation  Research Part C, 72, 360-380.
https://doi.org/10.1016/j.trc.2016.10.006

[26] Papadakaki, M., Tzamalouka, G., Gnardellis, C., Juhani, T., & Chliaoutakis, J. (2016). Driving performance while using a
mobile phone : A simulation study of Greek professional drivers. Transportation Research Part F: Psychology and Behaviour, 38,
164-170. https://doi.org/10.1016/j.trf.2016.02.006.

[27] Planek, T. W., Thomas, J., Schmidt, K., Beggiato, M., Heinz, K., & Krems, J. F. (2014). Letter from the Editors A mathematical
model for predicting lane changes using the steering wheel angle. Journal of Safety Research, 49(February), 85.e1-90.
https://doi.org/10.1016/j.jsr.2014.02.014.

[28] Ranjan, J. (2009). BUSINESS INTELLIGENCE : CONCEPTS, COMPONENTS, TECHNIQUES AND BENEFITS.

[29] Sakkila, L., Rivenq, A., Tatkeu, C., Hillali, Y. El, Ghys, J., & Rouvaen, M. (2010). Methods of target recognition for UWB
radar, 949-954.

[30] Salameh, N., Challita, G., Mousset, S., Bensrhair, A., & Ramaswamy, S. (2013). Collaborative positioning and embedded
multi-sensors fusion cooperation in advanced driver assistance system. Transportation Research Part C, 29, 197-213.
https://doi.org/10.1016/j.trc.2012.05.004.

[31] Sarrafan, K., Muttagi, K. M., Member, S., Sutanto, D., Member, S., Town, G. E., & Member, S. (2017). An Intelligent Driver
Alerting System for Real-Time Range Indicator Embedded in Electric Vehicles, 53(3), 1751-1760.

[32] Satzoda, R. K., Gunaratne, P., & Trivedi, M. M. (2014). Drive Analysis using Lane Semantics for Data Reduction in Naturalistic
Driving Studies, (Iv), 1-6.

[33] Son, J., Yoo, H., Kim, S., & Sohn, K. (2015). Expert Systems with Applications Real-time illumination invariant lane detection
for lane departure warning system. EXPERT SYSTEMS WITH APPLICATIONS, 42(4), 1816-1824.
https://doi.org/10.1016/j.eswa.2014.10.024.

[34] Sun, Z., Bebis, G., & Miller, R. (2006). On-Road Vehicle Detection : A Review, 28(5), 694-711.

[35] Tannahill, V. R., Muttaqgi, K. M., & Sutanto, D. (2015). Driver alerting system using range estimation of electric vehicles in
real time under dynamically varying environmental conditions, 107-116. https://doi.org/10.1049/iet-est.2014.0067.

[36] Tesic, M., & Andric, Z. (2017). Mobile phone use while driving-literary review, 47, 132-142.
https://doi.org/10.1016/j.trf.2017.04.015.

[37] Wang, C., David, B., Chalon, R., & Yin, C. (2015). Dynamic road lane management study g A Smart City application.
TRANSPORTATION RESEARCH PART E. https://doi.org/10.1016/j.tre.2015.06.003.

[38] Yi, S., Chen, Y., & Chang, C. (2015). A lane detection approach based on intelligent vision g. Computers and Electrical
Engineering, 42(2), 23-29. https://doi.org/10.1016/j.compeleceng.2015.01.002.

[39] You, C., Lane, N. D., Chen, F., Wang, R., Chen, Z., Bao, T. J., Campbell, A. T. (n.d.). CarSafe App : Alerting Drowsy and
Distracted Drivers using Dual Cameras on Smartphones Categories and Subject Descriptors.

[40] You, C., Lane, N. D., Chen, F., Wang, R., Chen, Z., Bao, T. J., Campbell, A. T. (n.d.). CarSafe App : Alerting Drowsy and
Distracted Drivers using Dual Cameras on Smartphones Categories and Subject Descriptors.

[41] You, C., Montes-de-oca, M., Bao, T. J., Lane, N. D., Cardone, G., Torresani, L., & Campbell, A. T. (2012). CarSafe : A Driver
Safety App that Detects Dangerous Driving Behavior using Dual-Cameras on Smartphones, 5-6.

[42] Zhang, C., Wang, H., & Fu, R. (2014). Automated Detection of Driver Fatigue Based on Entropy and Complexity Measures,
15(1), 168-177.

© 2018, www.IJARND.com All Rights Reserved Page | 127



http://www.ijarnd.com/

