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THE EFFECT OF IN-VEHICLE DISTRACTIONS ON DRIVING
PERFORMANCE
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To what extent are you confident that YOU, driving in following situations, would NOT experience any driving mistakes such as deviating from the destination, going through a red light, near-crash

experience, crash, etc.?
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DRIVING SIMULATOR

SPEED IN DIFFERENT TYPES OF ROAD

—+—Rural Collector Freeway —— Urban Arterial —— Local Road In School Zone

NO DISTRACTION HANDS-FREE HAND-HELD CALL VOICE TAKING OFF OR EATING OR
CALL COMMANDS TEXT ON CLOTHING DRINKING
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FINDINGS
* Participants applied the brakes more often and more forcefully when
distracted
o Steering velocity increased on the freeway for all distractions
o Steering velocity increased in eating/drinking distractions on all roads

* Offset from the center of the lane increased dramatically when taking
on/off clothing and eating/drinking, especially on the freeway (about
70%).









The Effect of Out-of-Vehicle Distraction (Billboards) on
Driving Performance
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* 46.5% Eemale
* 53.5% Male
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FINDINGS

* There was a slight difference in lateral performance, such as
speed, throttle, brake, steering velocity, and lane changing
while passing the billboards.

* Content and visibility of the billboard significantly affected
gaze fixation duration.

* Female participants had lower gaze fixation duration than
their male counterparts.



DEVELOPING A DISTRACTED DRIVING
RECOGNITION MODEL

* Several studies have used machine-learning techniques to recognize
visual and cognitive distractions for in-vehicle distraction mitigation

Systems.

* One of the most popular machine learning approaches 1s Random
Forest. Because

o [ts simplicity

o [ts diversity

* [t can be used for both classification and regression tasks.
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Before Distraction
During Distraction

Total

Before Distraction
During Distraction

Total

Findings

Results for 10-fold cross-validation

Sensitivity Precision MCC
78.80% 77.00% 53.80%

77.00% 76.80% 53.80%

Results for Independent Test

Sensitivity Precision MCC
76.60% 76.40% 53.00%

76.40% 76.60% 53.00%

AUC

80.90%

81.40%

AUC

86.10%

86.10%

76.50%




Findings

* The results show that the Random Forest classifier can detect driver
distraction substantially with 76.5% prediction accuracy which 1s 8.2%
better than those results reported in previous studies.

* This model can be commercialized as an after-market warning system to
be utilized by drivers as a distraction warning system to reduce
distraction and crash rates.

* [t can also be utilized by the police department and/or insurance
companies to find the driver at fault when crashes occur.






Montgomery County Police Department is the first
police agency in the United States to host a
cannabis intoxication impaired driving lab.

This lab's primary purpose is to train police officers
to better recognize cannabis impairment as it
relates to driving.
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Safety And Behavioral Analysis Center

Distracted drivers are involved in about 99 of all crash fatalities, accounting for 3,166 deaths including 497 Several ANOVA were conducted 10 compare the driving behavior under different types of distractions (na
unlucky pedestrians in 2017 along. 0] distraction. hands-free call, hands-held call. woice commands text, toxt taking off or on cloth, and eating or

With the prevalence of cell phones and their various uses, these numbers may potentially arise. Therefore, more drinking) and different road classes. . K .S . s e
The result of the Post hoc Tukey,

in-depth knowledge of accepted safe driving behaviors is needed.
MORGAN STATE UNIVERSITY, revoals a signiicart. di
- gnificant differgnce of

Driving safely consists of performing a collection of visual-motor tasks involving a vehicle and everything else in
WD R ey 0 U0 G 10 e el A Comprehensive Analysis of Distracted Driving using a
Driver distraction accurs when a driver “is delayed in recognition of information needed to safely accomplish the DriVing SimUIa‘Or

driving task because some event, activity, object or person within or outside the vehicle compelled or tended to

independent variables when

comparing each type of distraction

with no distraction.

Samira Ahangari Dr. Mansoureh Jeihani q ’
include the driver's shifting attention away from the driving task," and is the major cause of driver inattention. BhD. Candidalg ProlEseor Behrouz Salahshour This result shows a negalive
o Ph.0. Student

Morgan State University hiorgan State Univa rsity Old Daminian University relationship  between eating or
Martin Ndegwa drinking and taking on‘off clothing

Decteral Student 1 ) o
Morgan State Unive rsity distractions and deviation from the

removing their hands off the wheel
Ninely-two young parlicipants were recruited from Morgan State University and the Ballinore metropalitan area # Descriptive statistics were obtained on pre-survey guestionnaire data regarding participant characteristics. to do so.

via flyers distributed manually, online and through social media. Some 56.52% of participanis were male and 43.48% were female. The results revealed significant [~ Local Road in
Flyer content included contact informatien, a summary of the requirements for the study, and an explanation of the The age group of participants was between 18 to 40 years old; 44.57% of which were in the age group of 21 to 25 differences in speed. throttls, brake, Urhan Anerial

In his study, simply being "lost in thought® is ancther category of inattention which is distinguished from extrinsic

distraction

a Schonl Zne
145 B

monetary compensation for driving the simulator. years. steeting velocity, offset from road Mamd-Lleld Call

Subsequently, prospective participants were screened for eligibility and scheduled to drive in the simulator The pre-survay questionnaire demanstrated that 43.5% of participants use the hands-free phone, 22.8% use a centar, and lane change when Voite Commands Text

enviranment. - - — - hand-held phone, 21.7% text, 8.7 %read social media, 6.5% read email, 16.3%take pictures, 45.7% drink or eat, comparing  different types  of Tkmg«frT::nmnmu

and 1.1% change their clothes when driving. distraction o no distraction Eating o Drinking

The participants started driving in a base scenaria with

T alETEEE D EEELE i e el i The results of the post-survey guestionnaire show a great change in the attitude of drivers after being involved in

ather types of distraction. : sueh & study.
FerEEE Gmn e e sieE e e it .: Some 36.5% of the participants stated that the driving simulator experience encouraged them to reduce cell phone _

scenarios — Including hands-free call, hand-held call, P use while driving o . — # Paricipants decreased their speed in the presence of all distractions on all types of roads.

voice commands text, text, taking off or on clathing, @ This study found taking offfon clothing eating/drinking is highly o e
A distractive. Participants deviated from lane center and reduced texting (33%), and texting (29%}.
N their spood tremendously while taking their cloth onfoff and - In general, speed reduction was the highest on the local road.
el T Ee e o g [ e g2z eating/drinking. [T ORI [ —— ® Participants applied the brakes mare often and mare forcefully when distracted.
and the distraction happened exactly at the same

- The highest speed reduction happened on the local road when taking on/off clothing {50%). voice command

and eating or drinking — on a midsize road network
narth af Ballimare County thal includes four different

classes of the road (rural collector. freeway. urban

P # Steering velocity increased an the freeway for all distractions and in eating/drinking distractions on all roads

arterial. and local road in a school zone) with different Spued in Rurn] Colleclor Speedl in Freewiy
a0

i i

- ) ; # Ofiset from the center of the lane increased dramatically when taking onfoff clothing and eating/drinking.
A o P2 s LI T o1
- e i | especially on the fresway (about 70%).

load {but different in content) for a fair comparison . .2 R Some 36.5% of the participants stated that the driving simulator experience encouraged them to reduce cell
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After driving, 51.8% expressed doubt about their ability to use cell phones freely and not make any driving

call, respond to a text message upon receiving it. Tpes of Dt Trics if Distuaition o mistakes: 26% had stated they were doubtful in a survey given before they drove the simulator.
take off or on clothing. and drink or eat during the Sy i Urlsan Artesial Spwed in Laal R \ M’
simulated drive KN Eoa
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Transportation Center of the U.S. DOT University Transpartation Centers Program. at Margan State University far
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anticipatory behavior that would have influenced

their driving behavior.
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® One of the most significant traffic safety problems is driver distraction. Tukey Post Hoc analysis reveals that there is a

®  According to the National Highway Traffic Safety Administration (NHTSA), 9% of all fatal crashes are attributed to ~ statistically significant difference in the mean of speed,

driver distraction, resulting in as many as 37,133 fatalities, which involved 2,994 distracted drivers in 2017.
The distraction problem is getting worse due to the increasing use of in-vehicle information systems such as GPS
navigation systems, cell phones, and satellite radios.

Modern vehicles are filed with driver-assistance

technology such as a navigator, multimedia displays,

climate control, parking radar, and many more. Although

drivers benefit from such modern driving assistance

technologies, it is still critical for drivers to avoid distraction

and pay suitable attention to the road.

Driver distraction happens when an object or event attracts

a person’s attention away from the driving task.

To investigate distracted drivers’ perfermance associated with different types of distraction on four different road
types (rural collector, freeway, urban arterial, and local road in a school zone), two surveys and a driving
simulation experiment were conducted.

The driving simulation experiment examined an individual's driving performance with different forms of distraction
(text, voice command, hand-held call, hands-free call, eating/drinking, and changing clothes) on different road
types.

The designed experiment allowed a complete analysis of each participant's driving performance (speed, brake,
throttle, and crash) given various types of roads as well as different forms of distraction.

Two surveys were designed for this study. | Variable Frequency Percent

The pre-survey, which participants filled Gender Female 43.5

Male 56.5

18 1020 3 16.3
included  sociodemographic  information 21025 44.6
as well as questions about distracted |Age 2610 30 16.3
311035 98
36 to 40 13.0
when driving, have a crash when using Associate degree 7.6
GPS). College graduate 152
College student 343

High School or less 16.3

out before their driving experience,

driving habits (if they use a cellphone

The post-survey that participants filled out |Education Status

after their driving simulator experience
Postgraduate 6.5
No 47.8
Full-time 19.6
Part-time 32.6
$20K to $30K 19.6
330K to $50K

Household Annual  $50K to $75K

$75K 1o $100K

Less than $20K

More than ST00K

Perring Parkway (urban arterial) to Radar 1

included the probability of using a
Employment

cellphone or other distracting tasks when
Status

driving after being involved in this study.

A total of 92 participants, 40 females and
52 males participated in the survey.

The participants drove from Hampton |Income
Lane (rural road) to 1-695 (freeway) to

Road (local, school zone), which takes |Household Size

2
3
4 or more

about 15 minutes.
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Predicting Driving Distraction Patterns in Different Road
Classes Using Support Vector Machine

Samira Ahangari Dr. Mansoureh Jeihani
Ph.D. Candidate Professor
Margan State University Margan State University

Dr. Abdollah Dehzangi
Assistant Professor
Morgan State University

Dr. Md Mahmudur Rahman
Associate Professor
Morgan State University

We used an ANOVA and post hoc Tukey to find differences in distracted driving behavior on different road types.
Speed, throttle (ratio on the acceleration pedal fram 0 to +1 in which 0 means no throttle and +1 is full throttle),
brake (ratio on the brake pedal from O to +1 in which 0 means no braking force and +1 is maximum brake force),
steering velocity (rotation rate of the steering wheel per second), offset from road center (offset of the vehicle's
position from the center of the road in meters; a negative number shows the offset toward left and a positive
number shows the offset toward right), lane change, collision, and brake light (frequency of brake lights turning on)
are dependent variables, and road type (rural, freeway, urban, and local) is the independent variable.

All variables are only for the distraction period.

Since different road types have difierent Std.
Variables Mein L
Deviation

Rural Road 0.263 0314

have a fair comparison of driving |Normalized  Freeway -0.128 D088
; ! ) ‘ Speed Urban Arterial 0336 0126
behavior under distraction on different Local 15 0320 0219
Rural Road 0230 0011
Freeway 0.243 0.094
Urban Arterial 0114 0.062
Local 0.111 0.094
Rural Road 0041 0048
1 Freeway 0.007 0.007
mph, the freeway is 55, the urban Urban Arterial 0068 0055

arterial is 45 and the local road is 30; Local 35 0149 0.138

Rural Road 0012 0009

also, the number of lanes in each |Steering Freeway 0.031 0021

— . Velocity Urban Arterial 0016 0.010

direction on the rural road is one, the Local 0.013 0.015

Rural Road 077 0640

Offset from Freeway 3.679 2.887

Road Center  Urban Arterial 2418 2124

Local 0.726 0441

Rural Road 0000 0.000

Normalized ~ Freeway 0507 03549

Lane Change  Urban Arterial 0816 0492

divide it by the speed limit. Local 0000 0000

Rural Road 0000 0.000

The result of the ANOVA shows that Collisi Freeway 0010 0111

olision Urban Arterial 0005 000

Local 5 0000 0.000

Rural Road 1.264 2414

. Freeway 0.369 1150

Brake Light o Arterial 3291 5395 (Lono
Local 1222 2319

speed limits and numbers of lanes, to

8635.849

roads, we first normalized data and then
Throttle 287.391

performed an ANOVA analysis.

The speed limit on the rural road is 30

370.743  0.000

freeway has three, the urban arterial has

223594
two, and the local road has cne.

To normalize speed, we subtract the

vehicle speed from the speed limit and 380228

0.143

distracted driving behavior is

significantly different under different

road types for all wvariables except

collision.

throttle, brake, steering velocity, offset from road skt ooy Ut Arveal Loc
Rand Tyges

center, lane change, and brake light among different
road types.

Stesting Veloeity

wr” e
g

To evaluate our model, we randomly split our data for

et From Load
Cenler

[ Rowsocs beeny Upinnen Lol

each subject set (1,952 experiments) into training Ko Ty

(80% of the samples) and independent test sets (20%

of the samples).

Tk Tight

As a result, we have 1,587 samples in our training data
set and 365 samples in our testing data set.

we classify four different distraction definitions based

Chan:

on the road types (rural collector, freeway, urban

el G Lo La
Road Types

Narmalized Specd

arterial, and local road in a school zone) using SVMs.

SVM is able to predict the distraction with [Results of 10-fold cross-validation

. Sensitivity MCC | AUC
respect to the road with 94.24% accuracy Rural Collector 9230% | 9230% | 90.30% | 97.20%

for the independent test set and 93.90% Fregway 97.80% | 93.30% |82.30% | 96.60%

Urban arterial 94.00% | 98.20% | 95.10% | 98.40%

Local road in a School Zone 86.90% 9240% | 87.40% | 96.50%
Total

The similar results achieved for these tWo | Results of Independent Test

for 10-fold cross-validation.

Scnsitivity| Precision | MCC | AUC
Rural Collector 03.40% | 98.60% | 95.00% | 98.40%
Freewu; 99,305 89.80% | 90.30% | Y5.90%

Urban arterial 92.00% | 98.60% | 94.10% | 98.30%

Local road in a School Zone 85.90% | 96.50% | §9.30% | 94.40%

Total

evaluation methods demonstrate the

generality of our achieved results.

The ANOVA and Tukey Post HOC results indicated that participants tend to demonstrate different driving behavior
under distraction on different road types.

However, the number of crashes are not significantly different on different roads.

The Support Vector Machine (SVM) method recognized and predicted the pattern with 94.24% accuracy for the
independent test set and 93.9% for 10-fold cross-validation.

The results showed that the participants drove over the speed limit when distracted on rural roads. This is most
probably due to very low traffic flow and low cognitive load, which could increase the probability of crashes in the
case of an interruption such as an animal passing.

Conversely, driving on freeways at 13% under the speed limit (to focus on the distracting event such as texting)
could cause crashes with cars moving at speeds higher than the speed limit, especially in the left lanes.

Driving on the freeway had the least force of brake pedal while driving on the local road had the most, and that
can be related to a load of scenery and intersections.

On all four different roads, there was an offset from the road center toward the right; the freeway had the most
oftset and the local road had the least.

@ The authors would like to thank the Maryland Department of Transportation-Motor Vehicle Administration-

Maryland Highway Safety Office (GN-Margan State-2018-291) and Urban Mobility and Equity Center at Morgan
State University for their funding support.
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INTRODUCTION

% Distracted driving is defined as diverting the attention of the driver from

driving to other behaviors.

Distracted driving may have different causes such as eating. drinking,
manipulating dashboard controls, visual deviations like looking at a
smartphone screen., or cognitive aclivities like talking on the phone that
take the attention of the driver away from driving.

In this study we propose a
new machine learning
model to predict if the driver
is distracted. To do this, we
use a Bayesian Network
{BN) to build our model and
a Genetic Algorithm (GA) to

optimize its network.

METHODOLOGY

# Driving data such as speed, acceleration, throttle, lane changing, brake,

collision, and offset frem the lane center were collected in a fixed high-
fidelity driving simulator.

A medium road network of Baltimore County which consists of various
road types (rural collector, freeway., urban arterial, and local road in a

school zone) was considered as the study area.

online
advertisements, flyers,
and email invitations,
92 participants were
recruited from Morgan
State University and the

TR Baltimore metro area to
Study Area

(Blue line is a rural collector, green line is a freeway.
orange line is an urban arterial and purple line is a
local road: the red icons show the location of the
distraction)

drive eight different

scenarios.

Some 56.52% of participants were male and 43.483%: were female.

The age group of participants was between 18 to 40 years old; 44.57%
of which were in the age group of 21 to 25 years.

Participants were reguired to have a valid U.S. driver's license and were

compensated at $15 per hour for their participation in the study.

=)
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A Machine Learning Distracted Driving Prediction Model

Samira Ahangari Dr. Mansoureh Jeihani
Ph.D. Student Professor
Morgan State University Morgan State University

Assistant Professor
Morgan State University

RESULT AND DISCUSSION

@® A BN is originated based on the fundamental relationship among

variables in a visual representation.

In the BN graph nodes represent the variables and links represent the
relationship among them.

Building the Bayesian Network and finding the best arrangements among

the nodes can be defined as an optimization task.

After the recognition of a @
good network structure, - -
the conditional probability

tables for each of the

variables are estimated.

A natural way to measure

how well a Bayesian
network performs on a
given data set is to
forecast its future
performance by guessing
expected functions, such

as classification accuracy.

To be able to properly conduct our experimentation, avoiding bias and
investigating the generality of our model, we divide our data into training
and independent testing sets.

We separate 80% of our samples as training (1,563) and 20% as testing
(389).

We report 10-fold cross wvalidation on the training set and the
independent test set results to study the generality of our model.

Using k = 10 has been shown as an efficient number and widely used in
the literature. In this way. we utilize our data to use it more efficiently and
repeat our experimentation to investigate its generality.

Dr. Abdollah Dehzangi

RESULT AND DISCUSSION

We use 10-fold cross validation just for our training set.

We also train our model in a different task on the training set and use
that for our independent test set.

To provide more insight on the performance of our model, we report the
prediction accuracy (ACC), sensitivity (true positive rate), precision,
Matthews Correlation Coefficient (MCC)., and Area Under the ROC curve
(AUC).

we achieve 67.8% prediction accuracy for our independent test set. We
also achieve 62.6% Sensitivity and 75.19% AUC which highlights the
ability of our proposed model to identify distractions, correctly.

We also achieve 70.8% accuracy which is consistent with our results on
the independent test set which demonstrates the generality of our model.

sults for 1 cross val

Results on Independent Test

CONCLUSION

This paper developed a methodology using a BN, a powerful machine
learning method, to detect driver distraction from driving performance
using a driving simulator.

The connections between driving performance and driver distraction are
explored in this paper, the results of which can be used to detect
distracted driving and find the best strategies to overcome this problem.
The results show that the BN model is able to detect driver distraction
substantially with 67.8% prediction accuracy.

This alsc demonstrate the promising performance of a machine learning
model for the driver distraction prediction problem.

More effective policies and technologies could be implemented when

driver distraction can be predicted.
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