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ABSTRACT

The increasing number in annual road fatalities has caused a major challenge in many
countries. Minimising fatalities and improving safety are the top priorities of different
countries. This study aimed to analyse driver behaviours in Malaysia and the impacts
of practising eco-driving to improve safety, reduce fuel consumption and green gas
emission by using smartphone sensors and OBD2 (ELM327) adapter based on event
thresholds and machine learning algorithms. In the experimental study, 30 drivers had
participated, which were 17 novice drivers (7 males and 10 females) and 13 experienced
drivers (8 males and 5 females). A Honda Civic 2019 car was used in the experiment.
A specific route was selected for all drivers, which consisted of two types of road
(highway and urban), with a total distance of 20.6 km. The analysis of driving behaviour
was based on threshold events and machine learning algorithms. This was to classify
the different driving scenarios. In the driver’s profiling, driving behaviour was
categorised into three driving behaviours, such as safe, normal, and aggressive driving.
Random Forest model was selected for the classification after being compared to other
different machine learning algorithms (Decision Tree, Support Vector Machine, K-
Nearest Neighbour, and Naive Bayes models). The results of this experiment showed
that a remarkable reduction in terms of fuel consumption and CO, emission of up to
30% less was achieved when participants followed the eco driving techniques.
Moreover, aggressive events were notably reduced in eco driving as compared to
normal driving. Furthermore, the selected machine learning model was able to
differentiate and classify different driving scenarios with high classification accuracy
of up to 100 %, such as identifying male and female drivers, novice and experienced
drivers, and driving in the highway or city.

Keywords: driver behavior, machine learning, smartphone, OBD2, classification
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KAJIAN EKSPERIMEN PENGAMBILAN SCENARIOS DAN PERINGKAT
PEMANDU DI MALAYSIA MENGGUNAKAN TEKNIK PEMBELAJARAN
MESIN

ABSTRAK

Peningkatan dalam jumlah tahunan kematian di jalan raya memberikan cabaran besar
di kebanyakan negara. Salah satu keutamaan negara - negara ini adalah untuk
mengurangkan kadar kematian dan meningkatkan keselamatan. Kajian eksperimen ini
bertujuan untuk menganalisa tingkah laku pemandu di Malaysia dan kesan terhadap
pemanduan secara berhemah dari segi peningkatan keselamatan, pengurangan
penggunaan bahan bakar, dan pelepasan gas rumah hijau dengan menggunakan sensor
telefon pintar dan penyesuaian OBD2 (ELM327) berdasarkan peristiwa yang
ditetapkan dan algoritma pembelajaran mesin. Seramai 30 pemandu terlibat dalam
kajian eksperimen, iaitu 17 pemandu pelatih (7 lelaki dan 10 perempuan) dan 13
pemandu berpengalaman (8 lelaki dan 5 wanita). Kereta Honda Civic 2019 digunakan
dalam percubaan. Laluan tertentu yang dipilih terdiri daripada dua jenis jalan raya, iaitu
lebuh raya dan jalan bandar dan merangkumi jarak 20.6 km. Analisa terhadap tingkah
laku pemandu diklasifikasikan mengikut senario berbeza dan berdasarkan peristiwa
yang ditetapkan dan algoritma pembelajaran mesin. Tingkah laku pemandu
dikategorikan kepada tiga tingkah laku, iaitu pemanduan yang selamat, normal dan
agresif. Model Random Forest dipilih untuk mengklasifikasikan setelah dibandingkan
dengan algoritma pembelajaran mesin lain (Decision Tree, Support Vector Machine, K-
Nearest Neighbour, and Naive Bayes models). Hasil eksperimen ini menunjukkan
penurunan kadar luar biasa dengan pengurangan sebanyak 30% dari segi penggunaan
bahan bakar dan pelepasan CO: ketika peserta mengikuti teknik memandu secara
berhemah. Sementelahan itu, peristiwa agresif dapat dikurangkan dengan pemanduan
berhemah berbanding dengan pemanduan biasa. Selain itu, model pembelajaran mesin
yang dipilih dapat membezakan dan mengklasifikasikan senario pemanduan berbeza
dengan mencapai ketepatan hingga 100%, seperti mengenal pasti jika pemandu ialah
lelaki atau wanita, pemandu pelatih atau berpengalaman, dan memandu di lebuh raya
atau di bandar.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

The contents of this chapter explain different aspects of this thesis. The aspects covered
in this chapters are Research Background, Problem Statement, Research Objective,
Research Question, Research Scope, and Thesis Outline. In Research Background, the
reader will be having a bright insight about the origin of the topic. In Problem
Statement, the problem of the research will be intensively explained. The objectives of
this research to be done will be stated in Research Objectives. In Research Questions,
the main questions that need to be answered in this research are provided. Research
Scope provides details on the areas and factors that this research will include and

exclude. In thesis Layout, the structures of the thesis are provided.



1.2 Research Background

Driving is one of the necessary tasks in most of daily peoples’ life, and at the same time
it is considered as association with quality of life in different cases (Vasconcelos et al.,
2017). The number of vehicles usage on road is increasing due to the increasing in
population. According to the report of Malaysian Institute of Road Safety Research
(MIRQS), the population number and registered vehicles number are increasing year
by year ("Road Facts,"). Hence, the accidents number is increasing. The following
Table 1:1 is extracted from MIROS report which is showing the increasing number of

accidents in Malaysia.

Table 1.1

Accidents Number in Malaysia

Year Registered Vehicles  Population Road Crashes Road Deaths

2013 23,819,256 29,947,600 477,204 4,915
2014 25,101,192 30,300,000 476,196 6,674
2015 26,301,952 31,190,000 489,606 6,706
2016 27,613,120 31,660,000 521,466 7,152

The increasing number of car accidents is a major challenging in many
countries. The consequences of accidents can harm individuals and governments in
term of social and economic loss which impact the society. Traffic road accidents are
causing more than a million deaths per year over the world, and it is predicted to be the
fifth leading cause of death by 2030 (Jarret Engelbrecht, Marthinus Johannes Booysen,

Gert-Jan van Rooyen, & Frederick Johannes Bruwer, 2015). According to the



Department of Statistics of Malaysia, transports accidents recorded the fourth highest
cause of death in 2016 ("Statistics on Causes of Death, Malaysia,” 2017). According to
MIROS report conducted on Malaysian motorcyclists, the age group between 16 — 25
years old is involving in more than 40% of the total fatalities (Azzuhana Roslan, 2017).
Improving traffic safety today is one of the top priorities list of different countries
around the world (Saiprasert, Thajchayapong, Pholprasit, & Tanprasert, 2014).
Understanding the main causes of accidents will assist finding solutions to prevent or
reduce traffic accidents. According to (Camlica, Hilal, & Kuli¢, 2016), human errors,
road conditions, and vehicle failure are the main contributing factors to road traffic
accidents. Human error (e.g. lack of attentions, incorrect control, aggressive driving) is
the most influential factor in contributing to traffic accidents. As stated in
(Allamehzadeh & Olaverri-Monreal, 2016), human error is causing around 90 percent
of traffic accidents. Thus, analyzing and understanding driver behavior is the key factor
to prevent or reduce traffic accidents. The term of driver behavior can be defined as
different concepts related to driving mannerisms and driving actions of a driver which
introduce everlasting variables (Meiring & Myburgh, 2015). Studying driving behavior
not just assist in road safety improvement, it also assist in safe environment by finding

solutions to reduce fuel consumptions and gas emissions.

According to the department of environment in Malaysia, the increasing number
of air pollution due to the increasing trend of industrial sources and numbers of vehicles.
Vehicles’ emission is the major source of the air pollution especially in the urban areas
(Environment, 2019). Based on the environment’s department of Malaysia, the overall
air pollutant’s accumulation emission load in 2018 was 2,210,634 metric tons of carbon

monoxide (CO), 95.6% of the emission source was from motor vehicles; 889,890 metric



tons of nitrogen oxides (NO-), 25% of the emission source was motor vehicles; 257,457
metric tons of Sulphur dioxide (SO2), 6% of it from motor vehicles; and 26,789 metric
tons of particulate matter (PM), 15% of the emission load was from motor vehicles
(Environment, 2019). Based on Global GHG and CO2 Emissions report, carbon dioxide
(CO2) emissions in 2018 reached up to 257.84 metric kiloton (kt) in Malaysia, 24.69%
of the emission load was from transport sector (Crippa et al., 2019). The following table

1-2 illustrates the CO2 emissions in Malaysia from 2014 to 2018 in kt.

Table 1.2

CO2 Emissions in Malaysia from 2014 to 2018

Total CO2 CO2 emissions in transport ~ CO2 emissions per
Year
emissions (kt) sector (kt) capita (mt)
2018 257.84 63.66 8.05
2017 246.77 62.06 7.80
2016 246.36 62.80 7.90
2015 249.58 61.41 8.12

Reducing fuel consumption and gas emissions are primary goals in different
countries (Gunther, Rauh, & Krems, 2017). The increasing number of vehicles is one
of the main causes of environmental pollutions due to the gases emissions from the
vehicle engine while burning the fuel such as carbon dioxide (CO2) and acid rain, as
well as these greenhouse effects increase the possibility to be infected with some lung
diseases such as lung cancer (Magafia & Mufioz-Organero, 2016). Hence, it is necessary
to minimize the usage of fuel in order to reduce the impact of vehicles on the

environment. According to a study (Zaid, Myeda, Mahyuddin, & Sulaiman, 2015),



greenhouse gas emissions is rapidly growing in Malaysia due to the growth in industrial
and transportation sectors, with a total of 194 million tons in 2011 to predicting to reach
over 285 million tons in 2020. Practicing economic driving (eco-driving) strategies is
one of the best solutions in minimizing fuel consumption, greenhouse gas emissions,
and improving traffic safety (Husnjak, Forenbacher, & Bucak, 2015). The term of eco-
driving can be defined as applying set of rules during driving aimed to minimize fuel
consumption and improve safety (Rionda et al., 2014). Based on this definition, it can
be found that modifying driving style could improve the efficiency of driving which
leads to improve safety and reduce energy consumption. The following table 1-3
illustrates the potential impact of practicing eco-driving on different areas of activities.
Encouraging drivers to adopt eco-driving strategies can be through different ways such
as prior education, post-drive statistics, or real-time in-vehicle feedback. Among these
ways, it has been found that real-time in-vehicle feedback is working well (Thill &

Riveiro, 2015).

Table 1.3

The Potential Impact of Eco-Driving (Husnjak, Forenbacher, Et Al., 2015)

Activity area Potential Impact
Road safety improvement
Driving skills improvement
Greenhouse gas emission reduction
Reduction of noise
Fuel consumption reduction
Economic Reduction of maintenance costs
Reduction of traffic accidents costs
Driving awareness improvement
Social Reduction of stress during driving
Increasing ride comfort

Safety

Environment




Measuring and understanding behavior of driver while driving can be achieved
through deploying in-vehicle sensors. These sensors aimed to measure different aspects
of daily activities in vehicle operation (Wallace et al., 2015). In the last decades, the
technology has been rapidly advanced especially in the areas of smartphone and
wearable devices. Smartphone and wearable devices are low cost, widely available, and
easily accessible (Saiprasert, Pholprasit, & Thajchayapong, 2017). The improvement
of the capabilities of smartphone devices by the variety of embedded powerful sensors
included such as global positioning system (GPS) and accelerometer opened the
opportunity to measure driving behavior using these devices instead of the high cost
installation of external hardware in the vehicles (Saiprasert et al., 2014). Additionally,
On Board Diagnostics (OBD) adapters provide an access to read the status of different
in-vehicle sensors such as fuel rate and oxygen, and at the same time OBD adapters
enable a transparent connectivity between the smartphone device and electronic control

unit (ECU) of the vehicle (Meseguer, Toh, Calafate, Cano, & Manzoni, 2017).

It has been mentioned in a study that eco-driving is a very cost-effective strategy
aimed to reduce fuel consumptions up to 7%, reduce NOx emissions up to 5%, reduce
PM2.5 emissions up to 7%, and reduced CO2e around 700 metric tons per year. In a
transit service bus, the amount of fuel savings around 208,200 L.iters of diesel per year
(Y. Xu, Li, Liu, Rodgers, & Guensler, 2017).1t has been stated in another study
collected different studies’ results that eco-driving contributed to less accidents up to

35% during the test drives(Valdemars, Atstaja, & Vasiljeva, 2015).



1.3 Problem Statement

On the basis of the above, Malaysia, as many countries, is facing major challenges
related to road safety and a concern is arising towards increasing the rate of accidents
and fatalities year after year. Furthermore, the effects of the increasing rate of CO:
emission on the environment is concerning. Vehicles’ emission is one of the major
sources of air pollution. Hence, finding practical solutions to reduce air pollutions and

improve safety is important.

Understanding drivers’ behavior is essential to develop drivers modeling
(Hansen, Busso, Zheng, & Sathyanarayana, 2017), (Sysoev, Kos, Guna, & Pogacnik,
2017) and to improve drivers’ driving efficiency (Tselentis, Yannis, & Vlahogianni,
2017), (Oren Musicant & Lotan, 2016), (Jo, Kim, Park, & Yoon, 2015). However,
achieving effective ways to maximum fuel efficiency without obstructing the internal
vehicle’s structure and providing at the same time accidents’ prevention or reduction
system is challenging (Khanapuri, Shastri, D'souza, & D'souza, 2015). According to
(Vaezipour, Rakotonirainy, Haworth, & Delhomme, 2017), the lack of practicing eco-
driving by drivers is decreasing their driving safety and increasing their risk of
occurring accidents. Complete solutions related to eco driving using smartphone are
lacking (Husnjak, Forenbacher, et al., 2015). Utilizing the new technologies such as
artificial intelligence, machine learning, and deep learning is important to find
innovative ways to overcome the current challenges. However, with the limited
availability of data, it is challenging to develop effective solutions (Simmons, Caird, &
Steel, 2017), (Huang et al., 2016), (Aichinger, Nitsche, Stiitz, & Harnisch, 2016),

(Brezger & Albers, 2013).



On the basis of the systematic review was running on the driver behavior
domain with the scope of smartphone, massive challenges were extracted from the
related articles. However, the critical analysis was concentrating on the challenges and
limitations within the field of eco-driving due to its impacts on improving road safety
and reducing CO2 emission. Hence, several gaps and issues were identified related to
eco-driving. The following figure 1-1 illustrates the major challenges obsereved from

the literature review.

[ Awareness ][ Accident ][ Sample size ][Homogeneity][ S-::—:rsigpi?)s ][ Availability]

P — S — N

[Safety Related] [ Data Related

\’/_/

[Eco-driving Novice and expert drivers]

Lack of Studies

Eco-driving

Drivers in
Malaysia

Novice and
expert drivers
Figure 1.1.  Challenges Observed from the Literature
As seen in the above figure 1-1, the challenges observed in the literature were

classified into three major groups, safety related, data related and lack of studies. The

first challenges group is Safety related challenges. Lack of safety was one of major

issues in the literature. As found in the literature, driving aggressively is a common
phenomenon that needed to be considered in order to improve safety as pointed out in
(Dobbins & Fairclough, 2017), (Pratama, Ardiyanto, & Adji, 2017). Moreover, drivers’

errors is highly involved in causing traffic accidents as mentioned in (Alaybeyoglu &



Senel, 2017), (Osafune et al., 2017). Moreover, lack of awareness was a major
challenge in the literature such as low level awareness of drivers about traffic
(Alaybeyoglu & Senel, 2017), awareness about potential results of risk driving (Feraud,
Lara, & Naranjo, 2017), maintaining self-awareness of drivers (Bi et al., 2017), and
health condition awareness of drivers (Natpratan & Cooharojananone, 2015). The
second group of challenges is Data related challenges. Different issues were found on
the studies’ sample. Many studies in the literature stated that the small sample size and
population is an issue as mentioned in (Simmons et al., 2017), (Glnther et al., 2017).
Other studies pointed out different issues related the sample as the sample selection
(Vaezipour et al., 2017), (Ryder, Gahr, Egolf, Dahlinger, & Wortmann, 2017),
homogeneity of the sample (Ryder et al., 2017), limited tested scenarios (Eboli,
Mazzulla, & Pungillo, 2016), (Orfila, Saint Pierre, & Messias, 2015), and datasets
availability (Alam, Hariz, Hosseinioun, Saini, & El Saddik, 2016), (Romera, Bergasa,
& Arroyo, 2016). The third group of challenges is Lack of studies. The studies on the
effectiveness and efficiency of eco-driving are still lacking (Gunther et al., 2017), (Y.
Xu et al., 2017). There is a lack of studies related to driving behaviors in Malaysia,
Novice driver behavior and eco-driving behavior with respect to Malaysian drivers and
novice Malaysian drivers. Apart from that, the exploration of machine learning usage

with different scenarios related to novice and expert Malaysian driver behavior.

Based on the critical analysis of the systematic review in section 2.5, different
real-time smartphone systems were introduced for eco-driving evaluation based on fuel
consumptions and drivers’ classification. However, none of the proposed systems for
drivers’ classification have classified aggressive drivers based on the whole trip, the

proposed systems were just calculating the defined aggressive events. Moreover, most
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of the proposed systems have not mentioned the aggressive thresholds clearly of the
defined events, except for (Magafia & Mufioz-Organero, 2016). Further, different
factors were not considered while evaluating the proposed systems in term of fuel

consumptions such as the fuel consumption is differ from vehicle to another.

Based on the systematic review conducted in the domain of driver behavior
using smartphone, few articles only have been done in the area of eco-driving; most of
these articles have been conducted in Spain, and none of these articles were in Malaysia
or have studied the Malaysian drivers. Moreover, there is no homogeneity in their
sample of the study which means there is no specific age range or driving experience
was concentrated in the study. Furthermore, most of the scenarios in the experiments
were limited and some studies did not mentioned the scenarios while collected the data
such as the weather and geographic location. Further, the sample size of most of the
studies was very small. Moreover, no study was claiming the aggressive driver based
on the whole trip, the previous studies were only showing the aggressive events. Hence,
machine learning needs to be utilized and modulated to discover if it is possible to
classify aggressive driving based on the whole trip. These issues are claimed mainly
from 2.5. Therefore, this research aims to explore the impacts of eco-driving on
improving driving efficiency and the possibilities to identify normal and eco driving
based on the whole trip. The following figure 1-2 illustrates a summary of the different

issues and concerns with the respect to eco-driving behavior.



11

Increasing Air Increasing Traffic
Pollution Accidents

| | &8

ﬁ Concerns Based on
BIIg covernment Statistics

Eco-driving Novice and Expert Drivers

|

EJ%J Issues Based on
&= Literature Review

Lack of Lack of Al & ML
Studies Applied Models
Dl
Lack of Lack of
Safety Data
)
¥ || @
O

Figure 1.2. A Summary of the Current Issues and Concerns

This results a lack of information with respect to novice and experienced driving
behaviors with different driving style (normal and eco-driving). In addition to the
investigation of the capacity of machine learning to handle this classification problem,
this research is investigating the mentioned issues and attempt to develop a machine

learning based driver behavior analysis.

1.4 Research Objectives

The aim of this research is to explore novice and expert drivers’ behaviors in Malaysia

based on the collected data and study the impact of eco-driving on improving road

safety, fuel consumption, and CO2 emission. In addition to that, to identify the possible
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ways to encourage drivers practicing eco-driving techniques in order to improve their

driving efficiency. The main objectives of this research are, as the following:

1)

2)

3)

4)

5)

1.5

To investigate the current literature of driver behavior using smartphone
systematically.

To explore experimentally the driving behavior of novice and expert drivers and the
impacts of eco-driving in Malaysia using smartphone.

To analyse drivers behavior using drivers’ profile via threshold events and the
impacts of eco-driving on safety, fuel consumption, and CO2 emission.

To modulate and optimize a machine-learning-based classifier to differentiate
between normal and eco driving behavior.

To evaluate the different driving scenarios based on machine learning (e.g. male vs

female drivers, normal vs eco driving).

Research Questions

The main questions of this research, are as following:

1)

2)

3)

What are the current state of art in regards with the studies of driver behavior using
smartphone in the academic literature?

What is the driving behavior of novice and expert drivers in Malaysia, and to what
extent eco-driving could improve their driving behavior?

To what extend eco-driving could impact drivers’ safety, environment, and

economic?
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4) s it possible to distinguish between normal and eco driving within the study case
based on the given data?
5) Is there any significant differences among the different driving scenarios (i.e.

highway vs city)?

1.6 Research Scope

Few aspects need to be taken into account regarding the scope of this research as the

following:

e This study is concentrating on private light car drivers only; all other types of
vehicles such as heavy vehicles, motorbikes, and bikes are out of our scope.

e This study is focusing on both novice and expert drivers to be able to compare
between them in term of fuel saving, CO2 emission, and aggressive driving.

e Weather and driving time factors (day or night) are included in our scope of study.

e The experiment of this study is taking a place in Malaysia.

e This study is measuring the CO2 emission only. The other greenhouse gas
emissions such as CO, NOx, and PM are excluded due to the need to install extra
sensors on the vehicles and there is no benchmark on the required sensors to

measure them.
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1.7  Research Significance

The results of this research will contribute toward solving issues in different areas. First
of all, this research should contribute for better understanding and provided a vision of
novice and expert drivers’ behaviors in Malaysia, which will assist the government to
apply or provide suitable solutions in order to reduce or limit traffic accidents and at
the same time this would open a market opportunity for any other party to apply or
provide their solutions in different areas such as to reduce traffic accidents or reduce
fuel consumption. As mentioned in the above Table 1-2, practicing eco-driving would
contribute in the areas of safety, environment, economic, and social. From safety
perspective, practicing eco-driving by high segment of the society would improve
driving efficiency and improve road safety. Moreover, eco-driving from environment
point of view would contribute in the reduction of noise and greenhouse gas emission.
Economically, practicing eco-driving will contribute in reducing fuel consumption, cost
of maintenance, and cost of traffic accidents. Eco-driving would contribute to the social
by increasing the awareness of drivers while driving, ride comfort, and stress reduction

while driving.

1.8 Thesis Layout

This research is consisting of seven chapters and they are as follow:

Chapter One: a slight background description of the domain of driver behavior with

smartphone and eco-driving are provided. Additionally, the gap of this research is stated
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followed with research objectives and research questions. Then, the scope of this

research is defined. After that the significance of the research is provided.

Chapter Two: a comprehensive investigation is carried out on the domain of
driver behavior with smartphone. In this investigation, the terms of the search on the
current literature are defined. The taxonomy is drawn up based on the results of the
systematic literature review protocol that adapted in this research to review and analyze
the literature. Moreover, different important elements are extracted from the related
articles and explained such as challenges, motivations, and recommendations for the
domain of driver behavior with smartphone. Moreover, different methodological
aspects are provided followed with a critical analysis on the current literature of the

domain of driver behavior with smartphone.

Chapter Three: the research methodology and the flow of the research are

designed and explained in this chapter.

Chapter Four: an overview of the dataset’s attributes is provided. Followed with
comprehensive details about the experiment phase and the process of it. Additionally,
features extraction rules for drivers’ profile are provided. Moreover, machine learning

features are presented and explained.

Chapter Five: The results of the collected data are provided in this chapter. It
starts from eco driving learning process. And then fuel consumption, CO2 emission,
and aggressive driving results are provided for each driver in normal and eco driving

mode.
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Chapter Six: This chapter presents machine learning results. Machine learning process
is highlighted. Then different machine learning models are addressed and compared to
select the highest accuracy. After that, different scenarios are presented and compared

based on the selected machine learning model.

Chapter Seven: A discussion of the research findings are provided. Then,
research achievements and research limitations are provided. At the end of the chapter,

the conclusion and future works are presented.

1.9  Chapter Summary

In this chapter, a concern about increasing road accidents and effecting the environment
by increasing the CO2 emission caused by vehicles were provided. Then, the problem
statement of the research was discussed and provided. After that, the research aims and
research objectives were presented. Next, the research questions and research scope
were given. Then, research significances were highlighted. At the end, thesis layout

was explained. The following figure 1-2 highlights the research flow chart.
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