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ABSTRACT

Increasing road fatalities year after year is a significant challenge in many
countries. However, real-time driver behaviour modelling in the car-following context
for drivers in Malaysia has not been adequately studied due to issues with dataset,
including availability, accuracy, completeness, diversity, data acquisition system
availability, and techniques suitability. Hence, a five-phase methodology was designed
to model driver behaviour in the car-following context for drivers in Malaysia. Review
of previous work from literature, designing of a data collection system (DAS),
profiling and analysing driver behaviour in the car-following context, classifying
driver behaviour in the car-following context and solving issues related to missing
LiDAR data represents the five phases of methodology, respectively. The real-time
experiment on a federal highway road in Malaysia involved 30 participants. The results
indicated that the proposed DAS design's efficiency, power, and capacity enabled it to
collect driver behaviour data, pre-process it (on-board), and gather missing
information due to road curvatures. Also, gender and age have statistically significant
effects on drivers’ behaviour during the car-following context for drivers in Malaysia.
Female drivers are speedier (risky) and more cautious (keeping a long distance to the
front car) than their male counterparts. Female drivers produced the optimum style and
good stability behaviour in traffic flow and reported efficient driving style, while
traffic status evaluation is difficult to be predicted when having male drivers on road.
Senior drivers are regarded as safe drivers (less speedy) and are more prone to causing
traffic disturbances than other groups of drivers. Middle-aged drivers reported efficient
traffic flow characteristics. The classification framework showed that the Random
Forest algorithm is the best technique, achieving 100% accuracy, 100% precision, and
100% recall, with speed and distance as the most effective classification features. The
Random Forest algorithm can also impute the missing values of the LIDAR sensor.
The result confirmed that the classification accuracy did not vary when using an

imputed dataset (validation for the imputation process).
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ABSTRAK

Peningkatan kematian jalan raya tahun demi tahun merupakan cabaran yang
ketara di banyak negara. Walau bagaimanapun, pemodelan tingkah laku pemandu
masa nyata dalam konteks mengikut kereta untuk pemandu di Malaysia belum dikaji
dengan secukupnya disebabkan isu dengan set data, termasuk ketersediaan, ketepatan,
kesempurnaan, kepelbagaian, ketersediaan sistem pemerolehan data dan kesesuaian
teknik. Oleh itu, metodologi lima fasa telah direka untuk memodelkan tingkah laku
pemandu dalam konteks mengikut kereta untuk pemandu di Malaysia. Kajian semula
kerja terdahulu daripada literatur, mereka bentuk sistem pengumpulan data (DAS),
memprofil dan menganalisis tingkah laku pemandu dalam konteks mengikut kereta,
mengklasifikasikan tingkah laku pemandu dalam konteks mengikut kereta dan
menyelesaikan isu berkaitan data LIDAR yang hilang masing-masing mewakili lima
fasa metodologi. Eksperimen masa nyata di jalan raya persekutuan di Malaysia
melibatkan 30 peserta. Keputusan menunjukkan bahawa kecekapan, kuasa dan
kapasiti reka bentuk DAS yang dicadangkan membolehkannya mengumpul data
tingkah laku pemandu, memprosesnya terlebih dahulu (pada papan) dan mengumpul
maklumat yang hilang akibat lengkungan jalan. Selain itu, jantina dan umur
mempunyai kesan ketara secara statistik ke atas tingkah laku pemandu semasa konteks
mengikut kereta untuk pemandu di Malaysia. Pemandu wanita lebih laju (berisiko) dan
lebih berhati-hati (menjaga jarak jauh ke kereta hadapan) daripada pemandu lelaki.
Pemandu wanita menghasilkan gaya optimum dan tingkah laku kestabilan yang baik
dalam aliran trafik dan melaporkan gaya pemanduan yang cekap, manakala penilaian
status trafik sukar untuk diramal apabila mempunyai pemandu lelaki di jalan raya.
Pemandu kanan dianggap sebagai pemandu yang selamat (kurang laju) dan lebih
cenderung kepada penghasilan gangguan lalu lintas berbanding kumpulan pemandu
lain. Pemandu pertengahan umur melaporkan ciri aliran trafik yang cekap. Rangka
kerja pengelasan menunjukkan bahawa algoritma Hutan Rawak adalah teknik terbaik,
mencapai ketepatan 100%, kepersisan 100%, dan ingatan semula 100%, dengan
kelajuan dan jarak sebagai ciri pengelasan yang paling berkesan. Algoritma Random

Forest juga boleh mengaitkan nilai penderia LIiDAR yang hilang. Hasilnya
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mengesahkan bahawa ketepatan Kklasifikasi tidak berbeza apabila menggunakan set
data yang dikira (pengesahan untuk proses imputasi).
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This section and the ones that follow provide further information on the
research's title and where it came from, addressing several study topics and elements.
This section provides a brief description of the current state of the thesis problem and
how it evolved and developed over time. It also includes the research objectives to
help the reader understand the goals and aims of this thesis. The research questions
and scope are detailed to describe the enquiries and the size and limits of the thesis
contribution. Finally, the thesis layout provides a brief idea of the content of the

subsequent chapters.

1.2 Car following context

Driver behaviour is accumulative learning built on human actions when driving
a car. Like any other human behaviour, driver behaviour is generated from interactions
with their surroundings, such as the environment, the car as a hardware machine, and
cognitive factors (i.e., refers to the driver's cognitive abilities as a human). The
abovementioned factors are made up of parameters shaping the driver's actions. As a
result of the interactions, each group of people, specific community, or any defined
type of population produce different driving behaviour/style due to driving conditions
and environmental change according to traffic type and geographical location. In terms
of traffic flow status, car-following behaviour is defined as the rear car being affected

by the driving status of the front car when both cars are moving in the same lane.



The car-following model is one of the microcosmic driving behaviour models
[1] [2]. Figure 1.1 shows the car-following scenario.

Many transportation applications depend on accurate driver behaviour
modelling. ITS, microscopic modelling of traffic, and accident analysis and prevention
are three key areas that could benefit from better understanding of driver behaviour
[41] [3]. This section details organisations and other parties that stand to gain from
advancements and improvements in this field of study.

The car-following model significantly assists in  understanding
factors/circumstances that influence driver behaviour and enhance traffic safety [4]
[5], especially when nearing a car from behind in a variety of ecological surroundings
[6], and in comprehending in what way motorists physically respond to various crucial
circumstances and stream of traffic situations, such as a near-crash [7]. Understanding
the causes of auto accidents and evaluating safety rules and regulations can be done
by simulating driver performance, mainly mistakes, in the situation of a car-following
situation in numerous simulated or actual experiments [7] [8], guaranteeing the
configuration of reliable reactions to life-threatening cases [9]. Multiple metrics are
represented by the characteristics that influence motorist performance in the context
of car-following, such as road and real-time traffic flow situations. Models of car-
following are changing over time and developing. Figure 1.1 presents a car-following

scenario.

2 i a;v;
& P— S &
Figure 1. 1: Car-following Safe Distance Threshold [10]

Where, respectively, al and v1 represent the leading vehicle's acceleration and
speed. L2 measures how close the leader and following are to one another. The
accelerating speed and velocity of the car after it, respectively, are a2 and v2.

Complex traffic circumstances can be greatly influenced by different drivers
with different driving styles. In the context of car-following, driver behaviour
modelling can offer useful insights about traffic in terms of congestion, changing
conditions, and continuous characteristics. Additionally, a car-following model can

offer superior ways to end delays in busy places [4] [5] [6].



A good adaption approach for incorporating driver characteristics in ADAS
can be built using elements of driver behaviour in the context of car-following. In order
to maintain these technologies, satisfy people, and incorporate driving characteristics
into intelligent system designs, ADAS adaption to driver behaviour is essential [11]
[6] [12] [13] [214] [15] [16] [17] [18] [19]. Figure 1.2 shows how ADAS adapts to

driver behaviour.

Long Term Driving
Characteristics

Current Driving :

Behaviour
Recognition

Driving State Detection

Data Storage

Driver Assistance Units

) V

Continuous Driving <: Individual Adaptation

Figure 1. 2: ADAS Adaptation to Driver Behaviour [20]

Figure 1.2 presents the concept of the particular flexibility of the driver. The
initial phase comprises deriving the characteristics of the driver, such as naturalistic
headway distance, from the driving data of the driver, vehicle, and surroundings
gathered using a continuous logging drive recorder. Identification of the deviating
states, such as reduced attention and bad driving behaviour on the next driving task, is
the next phase. By comparing the newly acquired driving data with a driver model that
is based on extracted features and takes into account the longitudinal and lateral
dynamics of the car, recognition is performed. According to how much the driving
situation has changed, the system delivers driver support. Information on driver state
can be utilised to choose the optimum assistance approach for the motorists, such as
information assistance, driving advice, collision warning, or intervention operation, in
order to promote driver acceptance of the system [20].

Advantages for ITS are mostly anticipated in the area of ADAS, in which some
assistance/control logics or systems, like ACC, engage with motorists and where it is
important to take into account both drivers' intentions and the effects of developments
on their behaviour in order to increase (a) the efficiency of the innovations, (b) road

(and traffic) safeness, and (c) acceptability of technology innovations [3] [21] [22].



Traffic focus and pace are greatly influenced by speed and the distance between two
vehicles [23]. Moreover, a car-following model can recognise eco-habits and create
automated processes that can be incorporated into the design of smart automotive
products for autonomous vehicles [24] [25] [26] [27].

In the area of car-following, machine learning-based techniques are advised for
modelling driver behaviour since they are faster, require less data handling, and avoid
making long-term adjustments to metrics [28]. Additionally, machine learning
techniques can reveal obscure characteristics that influence driving behaviour,
providing a significant advantage in designing autonomous vehicles and
comprehending traffic patterns [29] [30] [31]. Because they bring practicality,
sufficiency, consistency, and further data inclusion to the modelling process, data-
driven approaches can take the role of hypothesis-based approaches [28]. Online
intelligent solutions that instantly recognise driving style can be implemented for the
advantage of insurance companies and ITS development organisations [32] [33].

It is possible to use car following models to assess the loading conditions for
bridges as well as to predict and test the traffic flow. The patterns of traffic loading
have not received considerable attention [34]. When using precise information for
specific populations, car-following models can produce useful results. Depending on
their local environmental conditions, driving customs, automobile makes and models,
traffic rules and policies, types of roads, and other variables, each group of people,
country, or city displays a different driving behaviour. Examining driving practises in
different nations' car-following contexts is crucial [35] [36].

During the car-following movement, the deceleration of the front car is shown
in Figure 1.3. The four stages of the braking procedure include the response of the
driver to the initiation of the braking light, the braking action, continuous braking, and
the braking release. The following distance between the front and following cars in the
free-running/flowing stage can be provided based on the examination of the braking
technique in the car-following context when the driver of the following car observes
the emergency braking of the front car [37]:

Sy =Vo.ty (1.1)
The braking distance in braking action stage S is as follows:
Sy = Vo-ty —=ay. ()2 (1.2)

The braking distance in continuous braking stage Ss is as follows:



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

227

REFERENCES

X. Chang, H. Li, J. Rong, Z. Huang, X. Chen, and Y. Zhang, "Effects of on-
Board Unit on Driving Behavior in Connected Vehicle Traffic Flow," Journal
of Advanced Transportation, vol. 2019, p. 12, 2019.

M. Talal, K. N. Ramli, A. A. Zaidan, B. B. Zaidan, and F. Jumaa, "Review on
car-following sensor based and data-generation mapping for safety and traffic
management and road map toward ITS,"” Vehicular Communications, p.
100280, 2020/07/15/ 2020.

L. Pariota and G. N. Bifulco, "Experimental evidence supporting simpler
Action Point paradigms for car-following,” Transportation Research Part F:
Traffic Psychology and Behaviour, vol. 35, pp. 1-15, 2015/11/01/ 2015.

T. Q. Tang, J. G. Li, H. J. Huang, and X. B. Yang, "A car-following model
with real-time road conditions and numerical tests,” Measurement, vol. 48, pp.
63-76, 2014/02/01/ 2014.

J. Wang, R. Chai, and X. Xue, "The Effects of Stop-and-go Wave on the
Immediate Follower and Change in Driver Characteristics,” Procedia
Engineering, vol. 137, pp. 289-298, 2016/01/01/ 2016.

W. Wang, W. Zhang, H. Guo, H. Bubb, and K. Ikeuchi, "A safety-based
approaching behavioural model with various driving characteristics,"
Transportation Research Part C: Emerging Technologies, vol. 19, pp. 1202-
1214, 2011/12/01/ 2011.

M. Saifuzzaman and Z. Zheng, "Incorporating human-factors in car-following
models: A review of recent developments and research needs," Transportation
Research Part C: Emerging Technologies, vol. 48, pp. 379-403, 2014/11/01/
2014.

C. Deng, C. Wu, S. Cao, and N. Lyu, "Modeling the effect of limited sight
distance through fog on car-following performance using QN-ACTR cognitive
architecture,” Transportation Research Part F: Traffic Psychology and
Behaviour, 2018/02/03/ 2018.

L. Dimitriou, K. Stylianou, and M. A. Abdel-Aty, "Assessing rear-end crash
potential in urban locations based on vehicle-by-vehicle interactions,
geometric characteristics and operational conditions,” Accident Analysis &
Prevention, vol. 118, pp. 221-235, 2018/09/01/ 2018.

H. Suzuki and T. Nakatsuji, "Dynamic Estimation of Headway Distance in
Vehicle Platoon System under Unexpected Car-following Situations,”
Transportation Research Procedia, vol. 6, pp. 172-188, 2015.

X. Li, X. Yan, J. Wu, E. Radwan, and Y. Zhang, "A rear-end collision risk
assessment model based on drivers’ collision avoidance process under
influences of cell phone use and gender—A driving simulator based study,"
Accident Analysis & Prevention, vol. 97, pp. 1-18, 2016/12/01/ 2016.



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

228

Z. J. Long and J. F. Li, "An Adaptive Network Fuzzy Inference System
Controller for Car Following Behavior,” in Advanced Materials Research,
2011, pp. 1156-1161.

Y. Wu, M. Abdel-Aty, Q. Cai, J. Lee, and J. Park, "Developing an algorithm
to assess the rear-end collision risk under fog conditions using real-time data,"
Transportation Research Part C: Emerging Technologies, vol. 87, pp. 11-25,
2018/02/01/ 2018.

L. Pariota, G. N. Bifulco, F. Galante, A. Montella, and M. Brackstone,
"Longitudinal control behaviour: Analysis and modelling based on
experimental surveys in Italy and the UK," Accident Analysis & Prevention,
vol. 89, pp. 74-87, 2016.

M. Powelleit and M. Vollrath, "Situational influences on response time and
maneuver choice: Development of time-critical scenarios,” Accident Analysis
& Prevention, vol. 122, pp. 48-62, 2019/01/01/ 2019.

H. Berndt and K. Dietmayer, "Driver intention inference with vehicle onboard
sensors,” in Vehicular Electronics and Safety (ICVES), 2009 IEEE
International Conference on, 2009, pp. 102-107.

J. M. Fleming, C. K. Allison, X. Yan, N. A. Stanton, and R. Lot, "Adaptive
driver modelling in ADAS to improve user acceptance: A study using
naturalistic data," Safety Science, 2018/08/30/ 2018.

G. N. Bifulco, F. Galante, L. Pariota, M. Russo Spena, and P. Del Gais, "Data
Collection for Traffic and Drivers’ Behaviour Studies: A Large-scale Survey,"
Procedia - Social and Behavioral Sciences, vol. 111, pp. 721-730, 2014/02/05/
2014.

G. N. Bifulco, L. Pariota, M. Brackstione, and M. McDonald, "Driving
behaviour models enabling the simulation of Advanced Driving Assistance
Systems: revisiting the Action Point paradigm,” Transportation Research Part
C: Emerging Technologies, vol. 36, pp. 352-366, 2013/11/01/ 2013.

S. Saigo, P. Raksincharoensak, and M. Nagai, "Estimation of Driving
Performance Level Using Longitudinal and Lateral Driver Models," IFAC
Proceedings Volumes, vol. 46, pp. 145-150, 2013/01/01/ 2013.

X. Ma and M. Jansson, "A model identification scheme for driver-following
dynamics in road traffic,” Control Engineering Practice, vol. 21, pp. 807-817,
2013/06/01/ 2013.

A. Kesting, M. Treiber, M. Schonhof, and D. Helbing, "Adaptive cruise control
design for active congestion avoidance,” Transportation Research Part C:
Emerging Technologies, vol. 16, pp. 668-683, 2008/12/01/ 2008.

E. Morello, S. Toffolo, and G. Magra, "Impact Analysis of Ecodriving
Behaviour Using Suitable Simulation Platform (ICT-EMISSIONS Project),”
Transportation Research Procedia, vol. 14, pp. 3119-3128, 2016/01/01/ 2016.
Y. Huang, E. C. Y. Ng, J. L. Zhou, N. C. Surawski, E. F. C. Chan, and G. Hong,
"Eco-driving technology for sustainable road transport: A review,"” Renewable
and Sustainable Energy Reviews, vol. 93, pp. 596-609, 2018/10/01/ 2018.

C. Roncoli, I. Papamichail, and M. Papageorgiou, "Model predictive control
for multi-lane motorways in presence of VACS," in Intelligent Transportation
Systems (ITSC), 2014 IEEE 17th International Conference on, 2014, pp. 501-
507.

X.-M. Chen, M. Jin, Y.-s. Miao, and Q. Zhang, "Driving decision-making
analysis of car-following for autonomous vehicle under complex urban



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

229

environment,” Journal of Central South University, vol. 24, pp. 1476-1482,
2017.

L. Claussmann, M. O'Brien, S. Glaser, H. Najjaran, and D. Gruyer, "Multi-
Criteria Decision Making for Autonomous Vehicles using Fuzzy Dempster-
Shafer Reasoning," in 2018 IEEE Intelligent Vehicles Symposium (1V), 2018,
pp. 2195-2202.

V. Papathanasopoulou and C. Antoniou, "Towards data-driven car-following
models,” Transportation Research Part C: Emerging Technologies, vol. 55,
pp. 496-509, 2015/06/01/ 2015.

J. Zhang and A. ElI Kamel, "Virtual traffic simulation with neural network
learned mobility model,” Advances in Engineering Software, vol. 115, pp. 103-
111, 2018/01/01/ 2018.

Y. Zhang, Q. Lin, J. Wang, and S. Verwer, "Car-following Behavior Model
Learning Using Timed Automata,” IFAC-PapersOnLine, vol. 50, pp. 2353-
2358, 2017.

J. Liang, Z. Sha, and L. Chen, "Dynamic Neural Network-Based Integrated
Learning Algorithm for Driver Behavior," Journal of Transportation Systems
Engineering and Information Technology, vol. 12, pp. 34-40, 2012/04/01/
2012.

T. Sato and M. Akamatsu, "Modeling and prediction of driver preparations for
making a right turn based on vehicle velocity and traffic conditions while
approaching an intersection,” Transportation Research Part F: Traffic
Psychology and Behaviour, vol. 11, pp. 242-258, 2008/07/01/ 2008.

J. Monteil, N. OHara, V. Cahill, and M. Bouroche, "Real-time estimation of
drivers' behaviour," in Intelligent Transportation Systems (ITSC), 2015 IEEE
18th International Conference on, 2015, pp. 2046-2052.

D. Guo and C. C. Caprani, "Traffic load patterning on long span bridges: A
rational approach," Structural Safety, vol. 77, pp. 18-29, 2019/03/01/ 2019.
M. Zhu, X. Wang, A. Tarko, and S. e. Fang, "Modeling car-following behavior
on urban expressways in Shanghai: A naturalistic driving study,"
Transportation Research Part C: Emerging Technologies, vol. 93, pp. 425-
445, 2018/08/01/ 2018.

M. Treiber and A. Kesting, "Microscopic Calibration and Validation of Car-
Following Models — A Systematic Approach,” Procedia - Social and
Behavioral Sciences, vol. 80, pp. 922-939, 2013/06/07/ 2013.

S. Wu, W. Wang, Z. Li, and L. Gao, "A Collision Warning Device Based on
the Emergency Braking Behavior Prediction,” in International Conference on
Man-Machine-Environment System Engineering, 2017, pp. 415-422.

B. Chang and J. Chiou, "Cloud Computing-Based Analyses to Predict Vehicle
Driving Shockwave for Active Safe Driving in Intelligent Transportation
System," IEEE Transactions on Intelligent Transportation Systems, pp. 1-15,
2019.

Z. Camlica, A. Hilal, and D. Kuli¢, "Feature abstraction for driver behaviour
detection with stacked sparse auto-encoders,” in 2016 IEEE International
Conference on Systems, Man, and Cybernetics (SMC), 2016, pp. 003299-
003304.

A. Allamehzadeh and C. Olaverri-Monreal, "Automatic and manual driving
paradigms: Cost-efficient mobile application for the assessment of driver
inattentiveness and detection of road conditions,” in 2016 IEEE Intelligent
Vehicles Symposium (1V), 2016, pp. 26-31.



[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

230

C. Saiprasert, S. Thajchayapong, T. Pholprasit, and C. Tanprasert, "Driver
behaviour profiling using smartphone sensory data in a V21 environment,” in
2014 International Conference on Connected Vehicles and Expo (ICCVE),
2014, pp. 552-557.

J. Lu, D. Filev, and F. Tseng, "Real-time determination of driver's driving
behavior during car following,” SAE International Journal of Passenger Cars-
Electronic and Electrical Systems, vol. 8, pp. 371-378, 2015.

X. Geng, H. Liang, H. Xu, and B. Yu, "Influences of Leading-Vehicle Types
and Environmental Conditions on Car-Following Behavior,” [FAC-
PapersOnLine, vol. 49, pp. 151-156, 2016/01/01/ 2016.

H. Zhang, C. Wu, X. Yan, and T. Z. Qiu, "The effect of fatigue driving on car
following behavior,” Transportation Research Part F: Traffic Psychology and
Behaviour, vol. 43, pp. 80-89, 2016/11/01/ 2016.

J. O. Brooks, M. C. Crisler, N. Klein, R. Goodenough, R. W. Beeco, C. Guirl,
et al., "Speed choice and driving performance in simulated foggy conditions,"
Accident Analysis & Prevention, vol. 43, pp. 698-705, 2011/05/01/ 2011.

N. Lyu, Y. Cao, C. Wu, J. Xu, and L. Xie, "The effect of gender, occupation
and experience on behavior while driving on a freeway deceleration lane based
on field operational test data,” Accident Analysis & Prevention, vol. 121, pp.
82-93, 2018.

N. Rhodes and K. Pivik, "Age and gender differences in risky driving: The
roles of positive affect and risk perception,” Accident Analysis & Prevention,
vol. 43, pp. 923-931, 2011.

S. Oltedal and T. Rundmo, "The effects of personality and gender on risky
driving behaviour and accident involvement," Safety science, vol. 44, pp. 621-
628, 2006.

H. Gwyther and C. Holland, "The effect of age, gender and attitudes on self-
regulation in driving," Accident Analysis & Prevention, vol. 45, pp. 19-28,
2012.

P. Cordellieri, F. Baralla, F. Ferlazzo, R. Sgalla, L. Piccardi, and A. M.
Giannini, "Gender effects in young road users on road safety attitudes,
behaviors and risk perception,” Frontiers in psychology, vol. 7, p. 1412, 2016.
T. Ozkan and T. Lajunen, "What causes the differences in driving between
young men and women? The effects of gender roles and sex on young drivers’
driving behaviour and self-assessment of skills,” Transportation research part
F: Traffic psychology and behaviour, vol. 9, pp. 269-277, 2006.

R. Zaidan, A. Alamoodi, B. Zaidan, A. Zaidan, O. Albahri, M. Talal, et al.,
"Comprehensive driver behaviour review: Taxonomy, issues and challenges,
motivations and research direction towards achieving a smart transportation
environment,” Engineering Applications of Artificial Intelligence, vol. 111, p.
104745, 2022.

E. Ramezani-Khansari, M. Tabibi, F. Moghadas Nejad, and M. Mesbah,
"Comparing the effect of age, gender, and desired speed on car-following
behavior by using driving simulator,” Journal of advanced transportation, vol.
2021, 2021.

U. Gazder and K. J. Assi, "Determining driver perceptions about distractions
and modeling their effects on driving behavior at different age groups,” Journal
of Traffic and Transportation Engineering (English Edition), 2021.

I. Milleville-Pennel and S. Marquez, "Comparison between elderly and young
drivers’ performances on a driving simulator and self-assessment of their



[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

231

driving attitudes and mastery,"” Accident Analysis & Prevention, vol. 135, p.
105317, 2020.

W. Young, A. Sobhani, M. G. Lenné, and M. Sarvi, "Simulation of safety: A
review of the state of the art in road safety simulation modelling," Accident
Analysis & Prevention, vol. 66, pp. 89-103, 2014.

K. Grove, S. Soccolich, J. Engstrém, and R. Hanowski, "Driver visual behavior
while using adaptive cruise control on commercial motor vehicles,"
Transportation Research Part F: Traffic Psychology and Behaviour, vol. 60,
pp. 343-352, 2019/01/01/ 20109.

Z. Lu, T. Fu, L. Fu, S. Shiravi, and C. Jiang, "A video-based approach to
calibrating car-following parameters in VISSIM for urban traffic,”
International Journal of Transportation Science and Technology, vol. 5, pp. 1-
9, 2016/08/01/ 2016.

R. Balakrishna, D. Morgan, H. Slavin, and Q. Yang, "Large-Scale Traffic
Simulation Tools for Planning and Operations Management,” [FAC
Proceedings Volumes, vol. 42, pp. 117-122, 2009/01/01/ 2009.

H. R. Eftekhari and M. Ghatee, "Hybrid of discrete wavelet transform and
adaptive neuro fuzzy inference system for overall driving behavior
recognition,” Transportation research part F: traffic psychology and
behaviour, vol. 58, pp. 782-796, 2018.

W.-H. Chen, Y.-C. Lin, and W.-H. Chen, "Comparisons of machine learning
algorithms for driving behavior recognition using in-vehicle CAN bus data,"
in 2019 Joint 8th International Conference on Informatics, Electronics &
Vision (ICIEV) and 2019 3rd International Conference on Imaging, Vision &
Pattern Recognition (iclVPR), 2019, pp. 268-273.

M. Savelonas, S. Karkanis, and E. Spyrou, "Classification of Driving
Behaviour using Short-term and Long-term Summaries of Sensor Data,” in
2020 5th South-East Europe Design Automation, Computer Engineering,
Computer Networks and Social Media Conference (SEEDA-CECNSM), 2020,
pp. 1-4.

C. M. Martinez, M. Heucke, F.-Y. Wang, B. Gao, and D. Cao, "Driving style
recognition for intelligent vehicle control and advanced driver assistance: A
survey," IEEE Transactions on Intelligent Transportation Systems, vol. 19, pp.
666-676, 2017.

H. Wang, M. Gu, S. Wu, and C. Wang, "A driver’s car-following behavior
prediction model based on multi-sensors data,” EURASIP Journal on Wireless
Communications and Networking, vol. 2020, pp. 1-12, 2020.

Y. Wang, X. Yu, J. Guo, I. Papamichail, M. Papageorgiou, L. Zhang, et al.,
"Macroscopic traffic flow modelling of large-scale freeway networks with field
data verification: State-of-the-art review, benchmarking framework, and case
studies using METANET,"” Transportation Research Part C: Emerging
Technologies, vol. 145, p. 103904, 2022.

L. Vasconcelos, L. Neto, S. Santos, A. B. Silva, and A. Seco, "Calibration of
the Gipps Car-following Model Using Trajectory Data,” Transportation
Research Procedia, vol. 3, pp. 952-961, 2014/01/01/ 2014.

B. Coifman, M. Wu, K. Redmill, and D. A. Thornton, "Collecting ambient
vehicle trajectories from an instrumented probe vehicle: High quality data for
microscopic traffic flow studies,” Transportation Research Part C: Emerging
Technologies, vol. 72, pp. 254-271, 2016/11/01/ 2016.



[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

232

G. Guido, V. Astarita, V. Giofré, and A. Vitale, "Safety performance measures:
a comparison between microsimulation and observational data,” Procedia -
Social and Behavioral Sciences, vol. 20, pp. 217-225, 2011/01/01/ 2011.

R. Jiang, M.-B. Hu, H. M. Zhang, Z.-Y. Gao, B. Jia, and Q.-S. Wu, "On some
experimental features of car-following behavior and how to model them,"
Transportation Research Part B: Methodological, vol. 80, pp. 338-354,
2015/10/01/ 2015.

Q. Chao, J. Shen, and X. Jin, "Video-based personalized traffic learning,"
Graphical Models, vol. 75, pp. 305-317, 2013.

A. Sharma, Z. Zheng, and A. Bhaskar, "A pattern recognition algorithm for
assessing trajectory completeness,” Transportation Research Part C:
Emerging Technologies, vol. 96, pp. 432-457, 2018/11/01/ 2018.

C. Sazara, R. V. Nezafat, and M. Cetin, "Offline reconstruction of missing
vehicle trajectory data from 3D LIDAR," in Intelligent Vehicles Symposium
(IV), 2017 IEEE, 2017, pp. 792-797.

N. van Nes, J. Bargman, M. Christoph, and I. van Schagen, "The potential of
naturalistic driving for in-depth understanding of driver behavior: UDRIVE
results and beyond," Safety Science, 2019/01/23/ 2019.

L. Chong, M. M. Abbas, A. M. Flintsch, and B. Higgs, "A rule-based neural
network approach to model driver naturalistic behavior in traffic,"
Transportation Research Part C: Emerging Technologies, vol. 32, pp. 207-
223, 2013.

E. Paschalidis, C. F. Choudhury, and S. Hess, "Modelling the effects of stress
on gap-acceptance decisions combining data from driving simulator and
physiological sensors," Transportation Research Part F: Traffic Psychology
and Behaviour, vol. 59, pp. 418-435, 2018/11/01/ 2018.

S. Battiato, G. M. Farinella, G. Gallo, and O. Giudice, "On-board monitoring
system for road traffic safety analysis," Computers in Industry, vol. 98, pp.
208-217, 2018/06/01/ 2018.

H. X. Liu and J. Sun, "Length-based vehicle classification using event-based
loop detector data," Transportation Research Part C: Emerging Technologies,
vol. 38, pp. 156-166, 2014.

X. Xie, H. van Lint, and A. Verbraeck, "A generic data assimilation framework
for vehicle trajectory reconstruction on signalized urban arterials using particle
filters," Transportation Research Part C: Emerging Technologies, vol. 92, pp.
364-391, 2018/07/01/ 2018.

H. Li, N. Chen, L. Qin, L. Jia, and J. Rong, "Queue length estimation at
signalized intersections based on magnetic sensors by different layout
strategies,” Transportation Research Procedia, vol. 25, pp. 1626-1644,
2017/01/01/ 2017.

C. W. Hsu, T. H. Hsu, C. H. Chen, and Y. Y. Kuo, "A path planning
achievement of car following in motion control via lidar sensing,” Industrial
Electronics and Applications, pp. 1411-1416, 2010.

K. Mohammed, M. Abdelhafid, K. Kamal, N. Ismail, and A. Ilias, "Intelligent
driver monitoring system: An Internet of Things-based system for tracking and
identifying the driving behavior,” Computer Standards & Interfaces, vol. 84,
p. 103704, 2023.

S. Kanarachos, S.-R. G. Christopoulos, and A. Chroneos, "Smartphones as an
integrated platform for monitoring driver behaviour: The role of sensor fusion



[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

233

and connectivity," Transportation Research Part C: Emerging Technologies,
vol. 95, pp. 867-882, 2018/10/01/ 2018.

J. Shen and X. Jin, "Detailed traffic animation for urban road networks,"
Graphical Models, vol. 74, pp. 265-282, 2012/09/01/ 2012.

J. Taylor, X. Zhou, N. M. Rouphail, and R. J. Porter, "Method for investigating
intradriver heterogeneity using vehicle trajectory data: A Dynamic Time
Warping approach,” Transportation Research Part B: Methodological, vol. 73,
pp. 59-80, 2015.

V. Gallelli, G. Guido, A. Vitale, and R. Vaiana, "Effects of calibration process
on the simulation of rear-end conflicts at roundabouts,” Journal of Traffic and
Transportation Engineering (English Edition), 2018/11/14/ 2018.

C. Lima Azevedo, B. Ciuffo, J. L. Cardoso, and M. E. Ben-Akiva, "Dealing
with uncertainty in detailed calibration of traffic simulation models for safety
assessment,” Transportation Research Part C: Emerging Technologies, vol.
58, pp. 395-412, 2015/09/01/ 2015.

M. R. K. Siam, S. Nasrin, M. Hadiuzzaman, S. M. Muniruzzaman, and N.
Haque, "VISCAL.: Heuristic algorithm based application tool to calibrate
microscopic simulation parameters,” Journal of Traffic and Transportation
Engineering (English Edition), vol. 5, pp. 28-43, 2018/02/01/ 2018.

Y. Han and S. Ahn, "Stochastic modeling of breakdown at freeway merge
bottleneck and traffic control method using connected automated vehicle,"
Transportation Research Part B: Methodological, vol. 107, pp. 146-166,
2018/01/01/ 2018.

J. Przybyla, J. Taylor, J. Jupe, and X. Zhou, "Estimating risk effects of driving
distraction: A dynamic errorable car-following model,” Transportation
research part C: emerging technologies, vol. 50, pp. 117-129, 2015.

P. Wagner, "Analyzing fluctuations in car-following,” Transportation
Research Part B: Methodological, vol. 46, pp. 1384-1392, 2012/12/01/ 2012.

S. Yang, Y.-J. Wu, Z. Yin, and Y. Feng, "Estimating Freeway Travel Times
Using the General Motors Model," Transportation Research Record: Journal
of the Transportation Research Board, pp. 83-94, 2016.

M. Brackstone, B. Waterson, and M. McDonald, "Determinants of following
headway in congested traffic,” Transportation Research Part F: Traffic
Psychology and Behaviour, vol. 12, pp. 131-142, 2009/03/01/ 2009.

H. R. Terry, S. G. Charlton, and J. A. Perrone, "The role of looming and
attention capture in drivers’ braking responses," Accident Analysis &
Prevention, vol. 40, pp. 1375-1382, 2008.

L. Li and X. Chen, "Vehicle headway modeling and its inferences in
macroscopic/microscopic traffic flow theory: A survey," Transportation
Research Part C: Emerging Technologies, vol. 76, pp. 170-188, 2017/03/01/
2017.

A. Kendziorra, P. Wagner, and T. Toledo, "A Stochastic Car Following
Model," Transportation Research Procedia, vol. 15, pp. 198-207, 2016/01/01/
2016.

S. Dong, H. Wang, D. Hurwitz, G. Zhang, and J. Shi, "Nonparametric
modeling of vehicle-type-specific headway distribution in freeway work
zones," Journal of Transportation Engineering, vol. 141, p. 05015004, 2015.

W. H. Organization, Global status report on road safety 2015: World Health
Organization, 2015.



[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

234

M. F. Musa, S. A. Hassan, and N. Mashros, "The impact of roadway conditions
towards accident severity on federal roads in Malaysia,” PLoS one, vol. 15, p.
e0235564, 2020.

N. Q. Radzuan, M. H. A. Hassan, K. A. Abu Kassim, I. S. Mohd Razelan, and
N. A. Othman, "The Association of Socio-demographic Characteristics
Towards Driver Behaviour and Traffic Fatality in Selangor, Malaysia,” in
Human-Centered Technology for a Better Tomorrow, ed: Springer, 2022, pp.
395-405.

M. Malaysia, "Annual Transport Statistics,” Ministry of Transport Malaysia,
Putrajaya, vol. 7, 2016.

N. Che-Him, R. Roslan, M. S. Rusiman, K. Khalid, M. G. Kamardan, F. A.
Arobi, et al., "Factors Affecting Road Traffic Accident in Batu Pahat, Johor,
Malaysia," in Journal of Physics: Conference Series, 2018, p. 012033.

Y. Darma, M. R. Karim, and S. Abdullah, "An analysis of Malaysia road traffic
death distribution by road environment," Sadhana, vol. 42, pp. 1605-1615,
2017.

S. J. Al-Sultan, "Context Aware Drivers' Behaviour Detection System for
VANET," 2013.

S. Nair, J. L. de la Vara, M. Sabetzadeh, and L. Briand, "An extended
systematic literature review on provision of evidence for safety certification,"
Information and Software Technology, vol. 56, pp. 689-717, 2014/07/01/ 2014.
O. Oviedo-Trespalacios, V. Truelove, B. Watson, and J. A. Hinton, "The
impact of road advertising signs on driver behaviour and implications for road
safety: A critical systematic review," Transportation Research Part A: Policy
and Practice, vol. 122, pp. 85-98, 2019/04/01/ 2019.

L. M. Martin-delosReyes, E. Jiménez-Mejias, V. Martinez-Ruiz, E. Moreno-
Roldan, D. Molina-Soberanes, and P. Lardelli-Claret, "Efficacy of training
with driving simulators in improving safety in young novice or learner drivers:
A systematic review," Transportation Research Part F: Traffic Psychology
and Behaviour, vol. 62, pp. 58-65, 2019/04/01/ 2019.

M. A. A. Altaha, "Malaysian sign language recognition framework based on
sensory glove," PH.D, Universiti Pendidikan Sultan Idris, 2019.

C. Katrakazas, M. Quddus, and W.-H. Chen, "A new integrated collision risk
assessment methodology for autonomous vehicles,” Accident Analysis &
Prevention, vol. 127, pp. 61-79, 2019/06/01/ 2019.

M. Jian and J. Shi, "Analysis of impact of elderly drivers on traffic safety using
ANN based car-following model," Safety science, vol. 122, p. 104536, 2020.
Y. Ye, X. Zhang, and J. Sun, "Automated vehicle’s behavior decision making
using deep reinforcement learning and high-fidelity simulation environment,"
Transportation Research Part C: Emerging Technologies, vol. 107, pp. 155-
170, 20109.

X. Chen, L. Zhou, and L. Li, "Bayesian network for red-light-running
prediction at signalized intersections," Journal of Intelligent Transportation
Systems, vol. 23, pp. 120-132, 2019.

O. Mata-Carballeira, J. Gutiérrez-Zaballa, |. del Campo, and V. Martinez, "An
FPGA-Based Neuro-Fuzzy Sensor for Personalized Driving Assistance,”
Sensors, vol. 19, p. 4011, 2019.

X. Zhang, J. Sun, X. Qi, and J. Sun, "Simultaneous modeling of car-following
and lane-changing behaviors using deep learning,”" Transportation research
part C: emerging technologies, vol. 104, pp. 287-304, 2019.



[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

235

K. Yeon, K. Min, J. Shin, M. Sunwoo, and M. Han, "Ego-Vehicle Speed
Prediction Using a Long Short-Term Memory Based Recurrent Neural
Network," International Journal of Automotive Technology, vol. 20, pp. 713-
722, 2019.

E. Tivesten and M. Dozza, "Driving context influences drivers' decision to
engage in visual-manual phone tasks: Evidence from a naturalistic driving
study," Journal of Safety Research, vol. 53, pp. 87-96, 2015/06/01/ 2015.

B. Metz, A. Landau, and V. Hargutt, "Frequency and impact of hands-free
telephoning while driving — Results from naturalistic driving data,”
Transportation Research Part F: Traffic Psychology and Behaviour, vol. 29,
pp. 1-13, 2015/02/01/ 2015.

A. Sonnleitner, M. S. Treder, M. Simon, S. Willmann, A. Ewald, A. Buchner,
et al., "EEG alpha spindles and prolonged brake reaction times during auditory
distraction in an on-road driving study," Accident Analysis & Prevention, vol.
62, pp. 110-118, 2014.

T. W. Lochrane, H. Al-Deek, D. J. Dailey, and C. Krause, "Modeling driver
behavior in work and nonwork zones: multidimensional psychophysical car-
following framework,” Transportation Research Record: Journal of the
Transportation Research Board, pp. 116-126, 2015.

Z.Cao, D. Yang, K. Jiang, S. Xu, S. Wang, M. Zhu, et al., "A geometry-driven
car-following distance estimation algorithm robust to road slopes,"
Transportation Research Part C: Emerging Technologies, vol. 102, pp. 274-
288, 2019/05/01/ 20109.

A. K. Budhkar and A. K. Maurya, "Characteristics of lateral vehicular
interactions in heterogeneous traffic with weak lane discipline," Journal of
Modern Transportation, vol. 25, pp. 74-89, 2017.

R. Fu, Z. Li, Q. Sun, and C. Wang, "Human-like car-following model for
autonomous vehicles considering the cut-in behavior of other vehicles in mixed
traffic,”" Accident Analysis & Prevention, vol. 132, p. 105260, 2019.

M. Zhu, X. Wang, and J. Hu, "Impact on car following behavior of a forward
collision warning system with headway monitoring,” Transportation Research
Part C: Emerging Technologies, vol. 111, pp. 226-244, 2020.

A. Kesting and M. Treiber, "Calibrating car-following models by using
trajectory data: Methodological study,” Transportation Research Record, vol.
2088, pp. 148-156, 2008.

N. Arbabzadeh, M. Jafari, M. Jalayer, S. Jiang, and M. Kharbeche, "A hybrid
approach for identifying factors affecting driver reaction time using naturalistic
driving data,” Transportation Research Part C: Emerging Technologies, vol.
100, pp. 107-124, 2019/03/01/ 2019.

H. Aoki and O. Ozaki, "A Study on the Method for Predicting the Driver's Car-
Following Tendency," IFAC Proceedings Volumes, vol. 46, pp. 319-321, 2013.
J. Li, K. Perrine, L. Wu, and C. M. Walton, "Cross-validating traffic speed
measurements from probe and stationary sensors through state reconstruction,"
International journal of transportation science and technology, vol. 8, pp. 290-
303, 2019.

S. Yousif and J. Al-Obaedi, "Close following behavior: Testing visual angle
car following models using various sets of data,” Transportation Research Part
F: Traffic Psychology and Behaviour, vol. 14, pp. 96-110, 2011/03/01/ 2011.

P. Wawage and Y. Deshpande, "Smartphone Sensor Dataset for Driver
Behavior Analysis,” Data in Brief, vol. 41, p. 107992, 2022.



[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

236

G. N. Bifulco, L. Pariota, F. Simonelli, and R. Di Pace, "Development and
testing of a fully adaptive cruise control system,” Transportation Research
Part C: Emerging Technologies, vol. 29, pp. 156-170, 2013.

X. Ros-Roca, L. Montero, and J. Barceld, "Notes on Using Simulation-
Optimization Techniques in Traffic Simulation,” Transportation Research
Procedia, vol. 27, pp. 881-888, 2017/01/01/ 2017.

L. Lu, Y. Lin, Y. Wen, J. Zhu, and S. Xiong, "Federated clustering for
recognizing driving styles from private trajectories,” Engineering Applications
of Artificial Intelligence, vol. 118, p. 105714, 2023.

T. Bellet, P. Mayenobe, J.-C. Bornard, D. Gruyer, and B. Claverie, "A
computational model of the car driver interfaced with a simulation platform for
future Virtual Human Centred Design applications: COSMO-SIVIC,"
Engineering Applications of Artificial Intelligence, vol. 25, pp. 1488-1504,
2012/10/01/ 2012,

E. Rendon-Velez, P. M. van Leeuwen, R. Happee, I. Horvath, W. F. van der
Vegte, and J. C. F. de Winter, "The effects of time pressure on driver
performance and physiological activity: A driving simulator study,"
Transportation Research Part F: Traffic Psychology and Behaviour, vol. 41,
pp. 150-169, 2016/08/01/ 2016.

J. Wang, J. Wu, X. Zheng, D. Ni, and K. Li, "Driving safety field theory
modeling and its application in pre-collision warning system," Transportation
Research Part C: Emerging Technologies, vol. 72, pp. 306-324, 2016/11/01/
2016.

C. W. Hsu, T. H. Hsu, and K. J. Chang, "Implementation of car-following
system using LIDAR detection,” in ITS Telecommunications (ITST), 2012 12th
International Conference on, 2012, pp. 165-169.

M. R. Ghahroudi and R. Sabzevari, "Multisensor data fusion strategies for
advanced driver assistance systems,” in Sensor and Data Fusion, ed:
IntechOpen, 2009.

G. Singh, D. Bansal, and S. Sofat, "A smartphone based technique to monitor
driving behavior using DTW and crowdsensing,” Pervasive and Mobile
Computing, vol. 40, pp. 56-70, Sep 2017.

P. Fernandes, R. Tomaés, F. Acuto, A. Pascale, B. Bahmankhah, C. Guarnaccia,
et al., "Impacts of roundabouts in suburban areas on congestion-specific
vehicle speed profiles, pollutant and noise emissions: An empirical analysis,"
Sustainable Cities and Society, vol. 62, p. 102386, 2020.

X. Wang, Q. Zhou, M. Quddus, and T. Fan, "Speed, speed variation and crash
relationships for urban arterials,” Accident Analysis & Prevention, vol. 113, pp.
236-243, 2018.

X. Ma and I. Andréasson, "Behavior measurement, analysis, and regime
classification in car following,” IEEE transactions on intelligent
transportation systems, vol. 8, pp. 144-156, 2007.

S. Das and A. K. Maurya, "Time Headway Analysis for Four-Lane and Two-
Lane Roads,” Transportation in Developing Economies, vol. 3, p. 9,
2017/04/04 2017.

M. S. Horswill, A. Hill, and L. Silapurem, "The development and validation of
video-based measures of drivers’ following distance and gap acceptance
behaviours," Accident Analysis & Prevention, vol. 146, p. 105626, 2020.



[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

237

P. G. Michael, F. C. Leeming, and W. O. Dwyer, "Headway on urban streets:
observational data and an intervention to decrease tailgating,” Transportation
research part F: traffic psychology and behaviour, vol. 3, pp. 55-64, 2000.

J. Shen and G. Yang, "Crash Risk Assessment for Heterogeneity Traffic and
Different Vehicle-Following Patterns Using Microscopic Traffic Flow Data,"
Sustainability, vol. 12, p. 9888, 2020.

M. Brackstone, M. McDonald, and B. Sultan, "Dynamic behavioral data
collection using an instrumented vehicle,” Transportation Research Record,
vol. 1689, pp. 9-16, 1999.

S. Ossen and S. P. Hoogendoorn, "Heterogeneity in car-following behavior:
Theory and empirics,"” Transportation research part C: emerging technologies,
vol. 19, pp. 182-195, 2011.

J. Wang, K. Li, and X.-Y. Lu, "Chapter 6 - Comparative Analysis and
Modeling of Driver Behavior Characteristics,” in Advances in Intelligent
Vehicles, Y. Chen and L. Li, Eds., ed Boston: Academic Press, 2014, pp. 159-
198.

E. G. Mantouka, E. N. Barmpounakis, and E. I. Vlahogianni, "ldentifying
driving safety profiles from smartphone data using unsupervised learning,"
Safety Science, vol. 119, pp. 84-90, 2019/11/01/ 2019.

B. Sultan, "The study of motorway operation using a microscopic simulation
model,” Thesis (Ph.D), University of Southampton, 2000.

M. Benmimoun, F. Fahrenkrog, A. Zlocki, and L. Eckstein, "Incident detection
based on vehicle CAN-data within the large scale field operational test
“euroFOT”," in 22nd Enhanced Safety of Vehicles Conference (ESV 2011),
Washington, DC/USA, 2011.

R. Elvik, "Why some road safety problems are more difficult to solve than
others,” Accident Analysis & Prevention, vol. 42, pp. 1089-1096, 2010.

E. L. Harbeck and A. I. Glendon, "How reinforcement sensitivity and
perceived risk influence young drivers’ reported engagement in risky driving
behaviors," Accident Analysis & Prevention, vol. 54, pp. 73-80, 2013.

E. Amini, M. Tabibi, E. R. Khansari, and M. Abhari, "A vehicle type-based
approach to model car following behaviors in simulation programs (case study:
Car-motorcycle following behavior),” IATSS research, vol. 43, pp. 14-20,
2019.

A. Duret, C. Buisson, and N. Chiabaut, "Estimating individual speed-spacing
relationship and assessing ability of Newell's car-following model to reproduce
trajectories," Transportation research record, vol. 2088, pp. 188-197, 2008.
E. R. Khansari, M. Tabibi, and F. Moghadas Nejad, "Lane-based car-following
behaviour based on inductive loops," in Proceedings of the Institution of Civil
Engineers-Transport, 2017, pp. 38-45.

M. M. Minderhoud and P. H. L. Bovy, "Extended time-to-collision measures
for road traffic safety assessment,” Accident Analysis & Prevention, vol. 33,
pp. 89-97, 2001/01/01/ 2001.

W. Janssen and L. Nilsson, An experimental evaluation of in-vehicle collision
avoidance systems: Statens VV&g-och Trafikinstitut., VTI sartryck 181, 1992.
J. R. Sayer, M. L. Mefford, and R. W. Huang, "The effects of lead-vehicle size
on driver following behavior: Is ignorance truly bliss?," 2003 DRIVING
ASSESSMENT CONFERENCE, 24-7-2003.

J. R. Sayer, M. L. Mefford, and R. W. Huang, "The effects of lead-vehicle size
on driver following behavior: Is ignorance truly bliss?," 2003.



[160]
[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

238

C. R. Bennett, "A speed prediction model for rural two-lane highways," 1994.
M. Parker, "THE EFFECT OF HEAVY GOODS VEHICLES AND
FOLLOWING BEHAVIOUR ON CAPACITY AT MOTORWAY
ROADWORK SITES," Traffic engineering & control, 1996.

A. Joshi, S. Kale, S. Chandel, and D. K. Pal, "Likert scale: Explored and
explained,” British journal of applied science & technology, vol. 7, p. 396,
2015.

J. Yan, Z. Zhang, K. Lin, F. Yang, and X. Luo, "A hybrid scheme-based one-
vs-all decision trees for multi-class classification tasks," Knowledge-Based
Systems, vol. 198, p. 105922, 2020.

Z. Gao, S.-C. Fang, X. Gao, J. Luo, and N. Medhin, "A novel kernel-free least
squares twin support vector machine for fast and accurate multi-class
classification,” Knowledge-Based Systems, vol. 226, p. 107123, 2021.

M. Simoncini, L. Taccari, F. Sambo, L. Bravi, S. Salti, and A. Lori, "Vehicle
classification from low-frequency GPS data with recurrent neural networks,"
Transportation Research Part C: Emerging Technologies, vol. 91, pp. 176-
191, 2018.

X.-H. Zhou, C. Zhou, D. Lui, and X. Ding, Applied missing data analysis in
the health sciences: John Wiley & Sons, 2014.

A. Alamoodi, B. Zaidan, A. Zaidan, O. Albahri, J. Chen, M. Chyad, et al.,
"Machine learning-based imputation soft computing approach for large
missing scale and non-reference data imputation,” Chaos, Solitons & Fractals,
vol. 151, p. 111236, 2021.

A. Farhangfar, L. A. Kurgan, and W. Pedrycz, "A novel framework for
imputation of missing values in databases,” IEEE Transactions on Systems,
Man, and Cybernetics-Part A: Systems and Humans, vol. 37, pp. 692-7009,
2007.

W.-C. Lin and C.-F. Tsai, "Missing value imputation: a review and analysis of
the literature (2006-2017)," Artificial Intelligence Review, vol. 53, pp. 1487-
1509, 2020.

I. A. Gheyas and L. S. Smith, "A neural network-based framework for the
reconstruction of incomplete data sets,” Neurocomputing, vol. 73, pp. 3039-
3065, 2010.

A. Jadhav, D. Pramod, and K. Ramanathan, "Comparison of performance of
data imputation methods for numeric dataset,” Applied Artificial Intelligence,
vol. 33, pp. 913-933, 2019.

L. Gruenwald, H. Chok, and M. Aboukhamis, "Using data mining to estimate
missing sensor data,” in Seventh IEEE international conference on data mining
workshops (ICDMW 2007), 2007, pp. 207-212.

S. P. Venthuruthiyil and M. Chunchu, "Vehicle path reconstruction using
Recursively Ensembled Low-pass filter (RELP) and adaptive tri-cubic kernel
smoother,"” Transportation Research Part C: Emerging Technologies, vol. 120,
p. 102847, 2020.

A. E. B. El Masri, H. Artail, and H. Akkary, "Toward self-policing: Detecting
drunk driving behaviors through sampling CAN bus data,” in 2017
international conference on electrical and computing technologies and
applications (ICECTA), 2017, pp. 1-5.

T. Chen, Y. D. Wong, X. Shi, and Y. Yang, "A data-driven feature learning
approach based on Copula-Bayesian Network and its application in



[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

239

comparative investigation on risky lane-changing and car-following
maneuvers,"” Accident Analysis & Prevention, vol. 154, p. 106061, 2021.

J. Liu, K. Han, X. M. Chen, and G. P. Ong, "Spatial-temporal inference of
urban traffic emissions based on taxi trajectories and multi-source urban data,"
Transportation Research Part C: Emerging Technologies, vol. 106, pp. 145-
165, 20109.

N. Virojboonkiate, P. Vateekul, and K. Rojviboonchai, "Driver identification
using histogram and neural network from acceleration data,” in 2017 IEEE
17th International Conference on Communication Technology (ICCT), 2017,
pp. 1560-1564.

X. Liu, Y. Lan, Y. Zhou, C. Shen, and X. Guan, "A real-time explainable traffic
collision inference framework based on probabilistic graph theory,”
Knowledge-Based Systems, vol. 212, p. 106442, 2021.

G. Qi, A. A. Ceder, Z. Zhang, W. Guan, and D. Liu, "New method for
predicting long-term travel time of commercial vehicles to improve policy-
making processes," Transportation Research Part A: Policy and Practice, vol.
145, pp. 132-152, 2021.

X. Feng and J. Hu, "Research on the identification and management of vehicle
behaviour based on Internet of things technology,” Computer
Communications, vol. 156, pp. 68-76, 2020.

C. Gamez Serna and Y. Ruichek, "Dynamic speed adaptation for path tracking
based on curvature information and speed limits," Sensors, vol. 17, p. 1383,
2017.

E. M. Hernandez-Pereira, D. Alvarez-Estévez, and V. Moret-Bonillo,
"Automatic classification of respiratory patterns involving missing data
imputation techniques,” Biosystems Engineering, vol. 138, pp. 65-76, 2015.
R. Razavi-Far, B. Cheng, M. Saif, and M. Ahmadi, "Similarity-learning
information-fusion schemes for missing data imputation,” Knowledge-Based
Systems, vol. 187, p. 104805, 2020.

M. H. Mohamed, A. H. Abdel-rahiem, and M. M. Abdelsamea, "Scalable
algorithms for missing value imputation,” International Journal of Computer
Applications, vol. 87, 2014.

L. Xingguang, C. Dianren, and C. Lei, "A high-speed data acquisition system
based on FPGA," in 2009 International Conference on Test and Measurement,
2009, pp. 290-293.

W. Fei, W. Zhijie, C. Hong, and X. Yi, "High-speed data acquisition system
based on FPGA/SoPC," in IEEE 2011 10th International Conference on
Electronic Measurement & Instruments, 2011, pp. 24-27.

Y. Fan, "FPGA-based data acquisition system," in 2011 IEEE International
Conference on Signal Processing, Communications and Computing
(ICSPCC), 2011, pp. 1-3.

M. Ron, P. Burget, and V. Hlava¢, "Parameter continuity in time-varying
Gauss—Markov models for learning from small training data sets,” Information
Sciences, vol. 595, pp. 197-216, 2022.

P. Li, Z. Liu, B. Anduv, X. Zhu, X. Jin, and Z. Du, "Diagnosis for multiple
faults of chiller using ELM-KNN model enhanced by multi-label learning and
specific feature combinations,” Building and Environment, vol. 214, p.
108904, 2022.

A. U. Osarogiagbon, F. Khan, R. Venkatesan, and P. Gillard, "Review and
analysis of supervised machine learning algorithms for hazardous events in



[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

240

drilling operations,” Process Safety and Environmental Protection, vol. 147,
pp. 367-384, 2021.

C. Rao and V. N. Gudivada, Computational analysis and understanding of
natural languages: principles, methods and applications: Elsevier, 2018.

S. Misra, H. Li, and J. He, "Noninvasive fracture characterization based on the
classification of sonic wave travel times,” Machine Learning for Subsurface
Characterization, pp. 243-287, 2020.

J. Ferreira, E. Carvalho, B. V. Ferreira, C. de Souza, Y. Suhara, A. Pentland,
et al., "Driver behavior profiling: An investigation with different smartphone
sensors and machine learning,” PLoS one, vol. 12, p. e0174959, 2017.

Y. Zhang, P. Ni, M. Li, H. Liu, and B. Yin, "A new car-following model
considering driving characteristics and preceding vehicle’s acceleration,"
Journal of advanced transportation, vol. 2017, 2017.

Y. Xie, Q. Ni, O. Alfarraj, H. Gao, G. Shen, X. Kong, et al., "DeepCF: A Deep
Feature Learning-Based Car-Following Model Using Online Ride-Hailing
Trajectory Data,” Wireless Communications and Mobile Computing, vol. 2020,
2020.

U. Garciarena and R. Santana, "An extensive analysis of the interaction
between missing data types, imputation methods, and supervised classifiers,"
Expert Systems with Applications, vol. 89, pp. 52-65, 2017.

K. Kanxheri, M. Barbanera, G. Ambrosi, G. Silvestre, S. Biondi, R. Ridolfi, et
al., "The Microstrip Silicon Detector (MSD) data acquisition system
architecture for the FOOT experiment,” Journal of Instrumentation, vol. 17, p.
C03035, 2022.

J. Mbihi, U. S. OTAM, B. L. Moffo, and C. E. G. NGOUNOU, "A novel
FPGA-Based Multi-Channel Signal Acquisition System Using Parallel Duty-
Cycle Modulation and Application to Biologic Signals: Design and
Simulation,” Journal of Electrical Engineering, Electronics, Control and
Computer Science, vol. 7, pp. 13-20, 2020.

A. Sivakumar, K. A. Jain, and A. I. Maalouf, "Voice Controlled Servo Motor
Using an Android Application,” in 2020 IEEE 6th World Forum on Internet of
Things (WF-10T), 2020, pp. 1-2.

E. Rzaev, A. Khanaev, and A. Amerikanov, "Neural Network for Real-Time
Object Detection on FPGA," in 2021 International Conference on Industrial
Engineering, Applications and Manufacturing (ICIEAM), 2021, pp. 719-723.

V. Kudryavtsev, L. Shekhtman, V. Kaminskiy, I. Nikolaev, N. Muchnoi, S.
Nikitin, et al., "The GEM-based detector for tracking the Compton-scattered
photons in the Laser Polarimeter facility at VEPP4-M collider,” in
Instrumentation for Colliding Beam Physics: INSTR-20, 2020, pp. 63-64.

M. Akiyama and T. Saito, "Influence of Radio Waves Generated by XBee
Module on GPS Positioning Performance,” in 2020 IEEE International
Conference on Consumer Electronics-Taiwan (ICCE-Taiwan), 2020, pp. 1-2.

R. P. Ramadhan, A. R. Ramadhan, S. A. Putri, and M. I. C. Latukolan,
"Prototype of CanSat with Auto-gyro Payload for Small Satellite Education,”
in 2019 IEEE 13th International Conference on Telecommunication Systems,
Services, and Applications (TSSA), 2019, pp. 243-248.

T. S. Tai, H. Zuo, and S. He, "3D LIDAR based on FPCB mirror,"
Mechatronics, vol. 82, p. 102720, 2022.



[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

241

W. Wu and F. Huang, "Long Range Wireless Alarm System Based on LoRa
and TOF LiDAR," in 2021 International Symposium on Computer Technology
and Information Science (ISCTIS), 2021, pp. 55-58.

T. Xie, J. Zhu, C. Jiang, Y. Jiang, W. Guo, C. Wang, et al., "Situation and
prospect of light and miniature UAV-borne LIDAR," in XIV International
Conference on Pulsed Lasers and Laser Applications, 2019, pp. 205-216.

V. Matus, C. A. Azurdia-Meza, S. Céspedes, P. Ortega, S. Montejo-Sanchez,
J. Rojas, et al., "Implementation of a low-cost vehicular VLC system and CAN
bus interface,” in 2018 11th International Symposium on Communication
Systems, Networks & Digital Signal Processing (CSNDSP), 2018, pp. 1-5.

M. Farrugia, J. P. Azzopardi, E. Xuereb, C. Caruana, and M. Farrugia, "The
usefulness of diesel vehicle onboard diagnostics (OBD) information,” in 2016
17th International Conference on Mechatronics-Mechatronika (ME), 2016,
pp. 1-5.

G. Bekaroo and A. Santokhee, "Power consumption of the Raspberry Pi: A
comparative analysis," in 2016 IEEE International Conference on Emerging
Technologies and Innovative Business Practices for the Transformation of
Societies (EmergiTech), 2016, pp. 361-366.

S. A. Khajehoddin, M. Karimi-Ghartemani, P. K. Jain, and A. Bakhshai, "A
resonant controller with high structural robustness for fixed-point digital
implementations,” IEEE Transactions on Power Electronics, vol. 27, pp. 3352-
3362, 2011.

Google. (August 25, 2020). Google Map. Available:
https://www.google.com/maps/dir/Sungai+Besi+Toll+Plaza+Southbound, +PlI
aza+Tol+Sungai+Besi,+Kuala+Lumpur-
Seremban+Expressway,+Taman+Serdang+Perdana,+Seri+Kembangan,+Sela
ngor/Nilai+Toll+Plaza,+Lebuhraya+Utara-
Selatan,+Nilai,+Negeri+Sembilan/@2.9389806,101.6818617,12z/data=!3m1!
4b114m1314m12!1m5!1m111s0x31cc4bf348a1454f:0xdbfbceefc7b8c50c!2m
211d101.7061224!2d3.0390443!'1m5!1m1!1s0x31cdc681d96e0589:0xc04719
7baf61a476!2m2!1d101.7975624!2d2.8335786

Google. (August 25, 2020). Google Maps. Available:
https://www.google.com/maps/dir/Petron+South+City,+49357,+Jalan+Besar,
+Taman+Muhibbah,+43300+Seri+Kembangan,+Selangor/Plaza+Tol+Lukut,
+Port+Dickson,+Negeri+Sembilan/@2.8140982,101.4977668,11z/am=t/data
=14m1314m12!'1m5!1m1!1s0x31cdcaadll341bcal:0x35f78c9dbfeba88!2m2!1
d101.71067!2d3.02714!1m5!1m1!1s0x31cdefb68accdb9b:0xe6cd5729c574af
25!2m2!11d101.8504936!2d2.5853772

B. Djordjevi¢, A. S. Mane, and E. Krmac, "Analysis of dependency and
importance of key indicators for railway sustainability monitoring: A new
integrated approach with DEA and Pearson correlation,” Research in
Transportation Business & Management, vol. 41, p. 100650, 2021.

X. Qu, Y. Yang, Z. Liu, S. Jin, and J. Weng, "Potential crash risks of
expressway on-ramps and off-ramps: A case study in Beijing, China,” Safety
Science, vol. 70, pp. 58-62, 2014/12/01/ 2014.

R. Hamzeie, P. T. Savolainen, and T. J. Gates, "Driver speed selection and
crash risk: Insights from the naturalistic driving study," Journal of safety
research, vol. 63, pp. 187-194, 2017.

B. Donmez, L. N. Boyle, and J. D. Lee, "The impact of distraction mitigation
strategies on driving performance,” Human factors, vol. 48, pp. 785-804, 2006.



https://www.google.com/maps/dir/Sungai+Besi+Toll+Plaza+Southbound,+Plaza+Tol+Sungai+Besi,+Kuala+Lumpur-Seremban+Expressway,+Taman+Serdang+Perdana,+Seri+Kembangan,+Selangor/Nilai+Toll+Plaza,+Lebuhraya+Utara-Selatan,+Nilai,+Negeri+Sembilan/@2.9389806,101.6818617,12z/data=!3m1!4b1!4m13!4m12!1m5!1m1!1s0x31cc4bf348a1454f:0xdbfbceefc7b8c50c!2m2!1d101.7061224!2d3.0390443!1m5!1m1!1s0x31cdc681d96e0589:0xc047197baf61a476!2m2!1d101.7975624!2d2.8335786
https://www.google.com/maps/dir/Sungai+Besi+Toll+Plaza+Southbound,+Plaza+Tol+Sungai+Besi,+Kuala+Lumpur-Seremban+Expressway,+Taman+Serdang+Perdana,+Seri+Kembangan,+Selangor/Nilai+Toll+Plaza,+Lebuhraya+Utara-Selatan,+Nilai,+Negeri+Sembilan/@2.9389806,101.6818617,12z/data=!3m1!4b1!4m13!4m12!1m5!1m1!1s0x31cc4bf348a1454f:0xdbfbceefc7b8c50c!2m2!1d101.7061224!2d3.0390443!1m5!1m1!1s0x31cdc681d96e0589:0xc047197baf61a476!2m2!1d101.7975624!2d2.8335786
https://www.google.com/maps/dir/Sungai+Besi+Toll+Plaza+Southbound,+Plaza+Tol+Sungai+Besi,+Kuala+Lumpur-Seremban+Expressway,+Taman+Serdang+Perdana,+Seri+Kembangan,+Selangor/Nilai+Toll+Plaza,+Lebuhraya+Utara-Selatan,+Nilai,+Negeri+Sembilan/@2.9389806,101.6818617,12z/data=!3m1!4b1!4m13!4m12!1m5!1m1!1s0x31cc4bf348a1454f:0xdbfbceefc7b8c50c!2m2!1d101.7061224!2d3.0390443!1m5!1m1!1s0x31cdc681d96e0589:0xc047197baf61a476!2m2!1d101.7975624!2d2.8335786
https://www.google.com/maps/dir/Sungai+Besi+Toll+Plaza+Southbound,+Plaza+Tol+Sungai+Besi,+Kuala+Lumpur-Seremban+Expressway,+Taman+Serdang+Perdana,+Seri+Kembangan,+Selangor/Nilai+Toll+Plaza,+Lebuhraya+Utara-Selatan,+Nilai,+Negeri+Sembilan/@2.9389806,101.6818617,12z/data=!3m1!4b1!4m13!4m12!1m5!1m1!1s0x31cc4bf348a1454f:0xdbfbceefc7b8c50c!2m2!1d101.7061224!2d3.0390443!1m5!1m1!1s0x31cdc681d96e0589:0xc047197baf61a476!2m2!1d101.7975624!2d2.8335786
https://www.google.com/maps/dir/Sungai+Besi+Toll+Plaza+Southbound,+Plaza+Tol+Sungai+Besi,+Kuala+Lumpur-Seremban+Expressway,+Taman+Serdang+Perdana,+Seri+Kembangan,+Selangor/Nilai+Toll+Plaza,+Lebuhraya+Utara-Selatan,+Nilai,+Negeri+Sembilan/@2.9389806,101.6818617,12z/data=!3m1!4b1!4m13!4m12!1m5!1m1!1s0x31cc4bf348a1454f:0xdbfbceefc7b8c50c!2m2!1d101.7061224!2d3.0390443!1m5!1m1!1s0x31cdc681d96e0589:0xc047197baf61a476!2m2!1d101.7975624!2d2.8335786
https://www.google.com/maps/dir/Sungai+Besi+Toll+Plaza+Southbound,+Plaza+Tol+Sungai+Besi,+Kuala+Lumpur-Seremban+Expressway,+Taman+Serdang+Perdana,+Seri+Kembangan,+Selangor/Nilai+Toll+Plaza,+Lebuhraya+Utara-Selatan,+Nilai,+Negeri+Sembilan/@2.9389806,101.6818617,12z/data=!3m1!4b1!4m13!4m12!1m5!1m1!1s0x31cc4bf348a1454f:0xdbfbceefc7b8c50c!2m2!1d101.7061224!2d3.0390443!1m5!1m1!1s0x31cdc681d96e0589:0xc047197baf61a476!2m2!1d101.7975624!2d2.8335786
https://www.google.com/maps/dir/Sungai+Besi+Toll+Plaza+Southbound,+Plaza+Tol+Sungai+Besi,+Kuala+Lumpur-Seremban+Expressway,+Taman+Serdang+Perdana,+Seri+Kembangan,+Selangor/Nilai+Toll+Plaza,+Lebuhraya+Utara-Selatan,+Nilai,+Negeri+Sembilan/@2.9389806,101.6818617,12z/data=!3m1!4b1!4m13!4m12!1m5!1m1!1s0x31cc4bf348a1454f:0xdbfbceefc7b8c50c!2m2!1d101.7061224!2d3.0390443!1m5!1m1!1s0x31cdc681d96e0589:0xc047197baf61a476!2m2!1d101.7975624!2d2.8335786
https://www.google.com/maps/dir/Sungai+Besi+Toll+Plaza+Southbound,+Plaza+Tol+Sungai+Besi,+Kuala+Lumpur-Seremban+Expressway,+Taman+Serdang+Perdana,+Seri+Kembangan,+Selangor/Nilai+Toll+Plaza,+Lebuhraya+Utara-Selatan,+Nilai,+Negeri+Sembilan/@2.9389806,101.6818617,12z/data=!3m1!4b1!4m13!4m12!1m5!1m1!1s0x31cc4bf348a1454f:0xdbfbceefc7b8c50c!2m2!1d101.7061224!2d3.0390443!1m5!1m1!1s0x31cdc681d96e0589:0xc047197baf61a476!2m2!1d101.7975624!2d2.8335786
https://www.google.com/maps/dir/Petron+South+City,+49357,+Jalan+Besar,+Taman+Muhibbah,+43300+Seri+Kembangan,+Selangor/Plaza+Tol+Lukut,+Port+Dickson,+Negeri+Sembilan/@2.8140982,101.4977668,11z/am=t/data=!4m13!4m12!1m5!1m1!1s0x31cdcaa91341bca1:0x35f78c9dbfeba88!2m2!1d101.71067!2d3.02714!1m5!1m1!1s0x31cdefb68accdb9b:0xe6cd5729c574af25!2m2!1d101.8504936!2d2.5853772
https://www.google.com/maps/dir/Petron+South+City,+49357,+Jalan+Besar,+Taman+Muhibbah,+43300+Seri+Kembangan,+Selangor/Plaza+Tol+Lukut,+Port+Dickson,+Negeri+Sembilan/@2.8140982,101.4977668,11z/am=t/data=!4m13!4m12!1m5!1m1!1s0x31cdcaa91341bca1:0x35f78c9dbfeba88!2m2!1d101.71067!2d3.02714!1m5!1m1!1s0x31cdefb68accdb9b:0xe6cd5729c574af25!2m2!1d101.8504936!2d2.5853772
https://www.google.com/maps/dir/Petron+South+City,+49357,+Jalan+Besar,+Taman+Muhibbah,+43300+Seri+Kembangan,+Selangor/Plaza+Tol+Lukut,+Port+Dickson,+Negeri+Sembilan/@2.8140982,101.4977668,11z/am=t/data=!4m13!4m12!1m5!1m1!1s0x31cdcaa91341bca1:0x35f78c9dbfeba88!2m2!1d101.71067!2d3.02714!1m5!1m1!1s0x31cdefb68accdb9b:0xe6cd5729c574af25!2m2!1d101.8504936!2d2.5853772
https://www.google.com/maps/dir/Petron+South+City,+49357,+Jalan+Besar,+Taman+Muhibbah,+43300+Seri+Kembangan,+Selangor/Plaza+Tol+Lukut,+Port+Dickson,+Negeri+Sembilan/@2.8140982,101.4977668,11z/am=t/data=!4m13!4m12!1m5!1m1!1s0x31cdcaa91341bca1:0x35f78c9dbfeba88!2m2!1d101.71067!2d3.02714!1m5!1m1!1s0x31cdefb68accdb9b:0xe6cd5729c574af25!2m2!1d101.8504936!2d2.5853772
https://www.google.com/maps/dir/Petron+South+City,+49357,+Jalan+Besar,+Taman+Muhibbah,+43300+Seri+Kembangan,+Selangor/Plaza+Tol+Lukut,+Port+Dickson,+Negeri+Sembilan/@2.8140982,101.4977668,11z/am=t/data=!4m13!4m12!1m5!1m1!1s0x31cdcaa91341bca1:0x35f78c9dbfeba88!2m2!1d101.71067!2d3.02714!1m5!1m1!1s0x31cdefb68accdb9b:0xe6cd5729c574af25!2m2!1d101.8504936!2d2.5853772
https://www.google.com/maps/dir/Petron+South+City,+49357,+Jalan+Besar,+Taman+Muhibbah,+43300+Seri+Kembangan,+Selangor/Plaza+Tol+Lukut,+Port+Dickson,+Negeri+Sembilan/@2.8140982,101.4977668,11z/am=t/data=!4m13!4m12!1m5!1m1!1s0x31cdcaa91341bca1:0x35f78c9dbfeba88!2m2!1d101.71067!2d3.02714!1m5!1m1!1s0x31cdefb68accdb9b:0xe6cd5729c574af25!2m2!1d101.8504936!2d2.5853772

[217]

[218]

[219]

[220]

[221]

[222]

[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]
[231]

[232]

242

X. Xu, X. Wang, X. Wu, O. Hassanin, and C. Chai, "Calibration and evaluation
of the Responsibility-Sensitive Safety model of autonomous car-following
maneuvers using naturalistic driving study data," Transportation research part
C: emerging technologies, vol. 123, p. 102988, 2021.

K. Vogel, "A comparison of headway and time to collision as safety
indicators,” Accident Analysis & Prevention, vol. 35, pp. 427-433, 2003/05/01/
2003.

J. C. Hayward, "Near miss determination through use of a scale of danger,”
1972.

M. Zhu, Y. Wang, Z. Pu, J. Hu, X. Wang, and R. Ke, "Safe, efficient, and
comfortable velocity control based on reinforcement learning for autonomous
driving," Transportation Research Part C: Emerging Technologies, vol. 117,
p. 102662, 2020.

Q. Meng and X. Qu, "Estimation of rear-end vehicle crash frequencies in urban
road tunnels,” Accident Analysis & Prevention, vol. 48, pp. 254-263, 2012.

A. H. Jamson, N. Merat, O. M. Carsten, and F. C. Lai, "Behavioural changes
in drivers experiencing highly-automated vehicle control in varying traffic
conditions," Transportation research part C: emerging technologies, vol. 30,
pp. 116-125, 2013.

J. Wang, K. Li, and X.-Y. Lu, "Comparative Analysis and Modeling of Driver
Behavior Characteristics,” in Advances in Intelligent Vehicles, ed: Elsevier,
2014, pp. 159-198.

E. Abolfazli, B. Besselink, and T. Charalambous, "Reducing time headway in
platoons under the MPF topology in the presence of communication delays,"
IFAC-PapersOnLine, vol. 53, pp. 15267-15274, 2020/01/01/ 2020.

F. W. Siebert, M. Oehl, and H.-R. Pfister, "The influence of time headway on
subjective driver states in adaptive cruise control,” Transportation research
part F: traffic psychology and behaviour, vol. 25, pp. 65-73, 2014.

G. F. B. Piccinini, C. M. Rodrigues, M. Leitdo, and A. Simdes, "Driver's
behavioral adaptation to Adaptive Cruise Control (ACC): The case of speed
and time headway," Journal of safety research, vol. 49, pp. 77. e1-84, 2014.
B. Derrick, D. Toher, and P. White, "Why Welch’s test is Type I error robust,"
The Quantitative Methods in Psychology, vol. 12, 2016.

A. Adavikottu, N. R. Velaga, and S. Mishra, "Modelling the effect of
aggressive driver behavior on longitudinal performance measures during car-
following,"” Transportation research part F: traffic psychology and behaviour,
vol. 92, pp. 176-200, 2023.

I. Nifio-Adan, I. Landa-Torres, E. Portillo, and D. Manjarres, "Influence of
statistical feature normalisation methods on K-Nearest Neighbours and K-
Means in the context of industry 4.0," Engineering Applications of Artificial
Intelligence, vol. 111, p. 104807, 2022.

A. Likas, N. Vlassis, and J. J. Verbeek, "The global k-means clustering
algorithm," Pattern recognition, vol. 36, pp. 451-461, 2003.

D. L. Davies and D. W. Bouldin, "A cluster separation measure,” IEEE
transactions on pattern analysis and machine intelligence, pp. 224-227, 1979.
G. Wang, Z. Wang, W. Chen, and J. Zhuang, "Classification of surface EMG
signals using optimal wavelet packet method based on Davies-Bouldin
criterion,” Medical and Biological Engineering and Computing, vol. 44, pp.
865-872, 2006.



[233]

[234]

[235]

[236]

[237]

[238]

[239]

[240]

[241]

[242]

[243]

[244]

[245]

[246]
[247]

[248]

[249]

[250]

243

T. Pholprasit, W. Choochaiwattana, and C. Saiprasert, "A comparison of
driving behaviour prediction algorithm using multi-sensory data on a
smartphone,” in 2015 IEEE/ACIS 16th International Conference on Software
Engineering, Artificial Intelligence, Networking and Parallel/Distributed
Computing (SNPD), 2015, pp. 1-6.

T. Ersal, H. J. Fuller, O. Tsimhoni, J. L. Stein, and H. K. Fathy, "Model-based
analysis and classification of driver distraction under secondary tasks," IEEE
transactions on intelligent transportation systems, vol. 11, pp. 692-701, 2010.
M. Belgiu and L. Dragut, "Random forest in remote sensing: A review of
applications and future directions,” ISPRS journal of photogrammetry and
remote sensing, vol. 114, pp. 24-31, 2016.

C. Yan, F. Coenen, and B. Zhang, "Driving posture recognition by joint
application of motion history image and pyramid histogram of oriented
gradients,” International journal of vehicular technology, vol. 2014, 2014.

A. El Maghraoui, Y. Ledmaoui, O. Laayati, H. El Hadraoui, and A. Chebak,
"Smart Energy Management: A Comparative Study of Energy Consumption
Forecasting Algorithms for an Experimental Open-Pit Mine," Energies, vol.
15, p. 4569, 2022.

V. Kotu and B. Deshpande, Data science: concepts and practice: Morgan
Kaufmann, 2018.

M. Hofmann and R. Klinkenberg, RapidMiner: Data mining use cases and
business analytics applications: CRC Press, 2016.

F. Pedregosa, G. Varoquaux, A. Gramfort, V. Michel, B. Thirion, O. Grisel, et
al., "Scikit-learn: Machine learning in Python," the Journal of machine
Learning research, vol. 12, pp. 2825-2830, 2011.

Q. Ren, D. Zhang, X. Zhao, L. Yan, and J. Rui, "A novel hybrid method of
lithology identification based on k-means++ algorithm and fuzzy decision
tree," Journal of Petroleum Science and Engineering, vol. 208, p. 109681,
2022.

G. James, D. Witten, T. Hastie, and R. Tibshirani, An introduction to statistical
learning vol. 112: Springer, 2013.

J. Yao and Y. Ye, "The effect of image recognition traffic prediction method
under deep learning and naive Bayes algorithm on freeway traffic safety,"”
Image and Vision Computing, vol. 103, p. 103971, 2020.

S. Chen, G. I. Webb, L. Liu, and X. Ma, "A novel selective naive Bayes
algorithm," Knowledge-Based Systems, vol. 192, p. 105361, 2020.

H. S. AL-Rubaiee, K. Alomar, R. Qiu, and D. Li, "Tuning of Customer
Relationship Management (CRM) via Customer Experience Management
(CEM) using sentiment analysis on aspects level," 2018.

E. Alpaydin, Machine learning: the new Al: MIT press, 2016.

T. Hastie, R. Tibshirani, J. H. Friedman, and J. H. Friedman, The elements of
statistical learning: data mining, inference, and prediction vol. 2: Springer,
2009.

C. M. Bishop and N. M. Nasrabadi, Pattern recognition and machine learning
vol. 4: Springer, 2006.

M. Sokolova and G. Lapalme, "A systematic analysis of performance measures
for classification tasks," Information processing & management, vol. 45, pp.
427-437, 20009.

C. C. Robusto, "The cosine-haversine formula," The American Mathematical
Monthly, vol. 64, pp. 38-40, 1957.



[251]

[252]

[253]

[254]

[255]

[256]

[257]

[258]

[259]

[260]

[261]

[262]

[263]

[264]

[265]

[266]

244

H. A. Ameen, A. K. Mahamad, S. Saon, R. Q. Malik, Z. H. Kareem, M. A. Bin
Ahmadon, et al., "ldentification of Driving Safety Profiles in Vehicle to
Vehicle Communication System Based on Vehicle OBD Information,"”
Information, vol. 12, p. 194, 2021.

S. Bao, L. Wu, B. Yu, and J. R. Sayer, "An examination of teen drivers’ car-
following behavior under naturalistic driving conditions: With and without an
advanced driving assistance system," Accident Analysis & Prevention, vol.
147, p. 105762, 2020.

M. G. Jasinski and F. Baldo, "A method to identify aggressive driver behaviour
based on enriched gps data analysis," in The ninth international conference on
advanced geographic information systems, applications, and services, 2017,
pp. 97-102.

N. Lin, C. Zong, M. Tomizuka, P. Song, Z. Zhang, and G. Li, "An overview
on study of identification of driver behavior characteristics for automotive
control,” Mathematical Problems in Engineering, vol. 2014, 2014.

O. Bagdadi and A. Varhelyi, "Jerky driving—an indicator of accident
proneness?," Accident Analysis & Prevention, vol. 43, pp. 1359-1363, 2011.
S. Das, A. Budhkar, A. K. Maurya, and A. Maji, "Multivariate Analysis on
Dynamic Car-Following Data of Non-lane-Based Traffic Environments,”
Transportation in Developing Economies, vol. 5, pp. 1-13, 20109.

M. Z. Jan, J. C. Munoz, and M. A. Ali, "A novel method for creating an
optimized ensemble classifier by introducing cluster size reduction and
diversity," IEEE Transactions on Knowledge and Data Engineering, 2020.

L. Shannon, V. Cojocaru, C. N. Dao, and P. H. Leong, "Technology scaling in
FPGAs: Trends in applications and architectures,” in 2015 IEEE 23rd Annual
International Symposium on Field-Programmable Custom Computing
Machines, 2015, pp. 1-8.

G. M. Bjorklund, "Driver irritation and aggressive behaviour,” Accident
Analysis & Prevention, vol. 40, pp. 1069-1077, 2008.

T. Ayres, L. Li, D. Schleuning, and D. Young, "Preferred time-headway of
highway drivers,” in ITSC 2001. 2001 IEEE Intelligent Transportation
Systems. Proceedings (Cat. No. 01TH8585), 2001, pp. 826-829.

H. Ohta, "Individual differences in driving distance headway,” Vision in
vehicles, vol. 4, pp. 91-100, 1993.

G. J. Wilde, S. P. Claxton-Oldfield, and P. H. Platenius, "Risk homeostasis in
an experimental context,” in Human behavior and traffic safety, ed: Springer,
1985, pp. 119-149.

D. Connell and M. Joint, "Driver aggression in aggressive driving: three
studies,”" AAA Foundation for Traffic Safety, Washington DC, pp. 25-34, 1996.
R. Stephens and M. Smith, "Effect of speed on flow and enjoyment for driving
and rollercoasters,”" Transportation research part F: traffic psychology and
behaviour, vol. 85, pp. 276-286, 2022.

B. Fildes, G. Rumbold, and A. Leening, "Speed behaviour and drivers’ attitude
to speeding,” Monash University Accident Research Centre, Report, vol. 16, p.
186, 1991.

S.-H. Hong, S.-Y. Min, B. Kim, Y.-K. Min, J.-K. Kang, and B.-C. Min,
"Difference of driving performance according to turn types at the intersection
and age,"” in 2009 International Conference on Mechatronics and Automation,
2009, pp. 16-19.



[267]

[268]

[269]

[270]

[271]

[272]

[273]

[274]

[275]

[276]

[277]

[278]

[279]

245

E. C. Andrews and S. J. Westerman, "Age differences in simulated driving
performance: Compensatory processes,” Accident Analysis & Prevention, vol.
45, pp. 660-668, 2012.

J. Montgomery, K. D. Kusano, and H. C. Gabler, "Age and gender differences
in time to collision at braking from the 100-car naturalistic driving study,"
Traffic injury prevention, vol. 15, pp. S15-S20, 2014.

D. L. Massie, P. E. Green, and K. L. Campbell, "Crash involvement rates by
driver gender and the role of average annual mileage,” Accident Analysis &
Prevention, vol. 29, pp. 675-685, 1997.

J. L. Charlton, J. Oxley, B. Fildes, P. Oxley, S. Newstead, S. Koppel, et al.,
"Characteristics of older drivers who adopt self-regulatory driving
behaviours,” Transportation Research Part F: Traffic Psychology and
Behaviour, vol. 9, pp. 363-373, 2006.

X. Li, O. Oviedo-Trespalacios, A. Rakotonirainy, and X. Yan, "Collision risk
management of cognitively distracted drivers in a car-following situation,”
Transportation research part F: traffic psychology and behaviour, vol. 60, pp.
288-298, 2019.

C. Horvath, 1. Lewis, and B. Watson, "The beliefs which motivate young male
and female drivers to speed: A comparison of low and high intenders,"
Accident Analysis & Prevention, vol. 45, pp. 334-341, 2012.

X. Yan, E. Radwan, and D. Guo, "Effects of major-road vehicle speed and
driver age and gender on left-turn gap acceptance,” Accident Analysis &
Prevention, vol. 39, pp. 843-852, 2007.

D. M. Deloy, "An examination of gender differences in traffic accident risk
perception,” Accident Analysis & Prevention, vol. 24, pp. 237-246, 1992,

F. Feng, S. Bao, J. R. Sayer, C. Flannagan, M. Manser, and R. Wunderlich,
"Can vehicle longitudinal jerk be used to identify aggressive drivers? An
examination using naturalistic driving data,” Accident Analysis and
Prevention, vol. 104, pp. 125-136, Jul 2017.

N. L. Wayne and G. A. Miller, "Impact of gender, organized athletics, and
video gaming on driving skills in novice drivers,” PloS one, vol. 13, p.
€0190885, 2018.

Y. Lian, G. Zhang, J. Lee, and H. Huang, "Review on big data applications in
safety research of intelligent transportation systems and connected/automated
vehicles," Accident Analysis & Prevention, vol. 146, p. 105711, 2020.

C. Velasco-Gallego and 1. Lazakis, "Real-time data-driven missing data
imputation for short-term sensor data of marine systems. A comparative
study,” Ocean Engineering, vol. 218, p. 108261, 2020.

A. Khosroshahi, E. Ohn-Bar, and M. M. Trivedi, "Surround vehicles trajectory
analysis with recurrent neural networks,” in 2016 IEEE 19th International
Conference on Intelligent Transportation Systems (ITSC), 2016, pp. 2267-
2272.



265

APPENDIX D

VITA

The author was born on May 9, 1987, in Baghdad, Irag. He completed his
secondary school at several schools at Baghdad, Iraq. He pursued his degree at Al-
Nahrain University, Iraq, and graduated with the Bachelor Eng. in Electronics and
Communication Engineering in 2009. Then, he was engaged in 2013 in the Master
program at Communication Department, Engineering College, UNITEN university,
Malaysia. The author was pursuing Ph.D. in the field of Electrical Engineering at
Faculty of Electrical and Electronic Engineering, Universiti Tun Hussein Onn
Malaysia (formerly known as Institut Teknologi Tun Hussein Onn), 86400 Parit Raja,
Batu Pahat, Johor, Malaysia. During this time, Mr. Mohammed Talal has the main
author for many academic papers in areas of electronic and communication

engineering.





