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ABSTRAK

Dalam beberapa tahun kebelakangan ini, Teknologi X-by-wire ialah kemajuan dalam industri
automotif dan diiktiraf oleh banyak negara sejak beberapa tahun kebelakangan ini. la termasuk
memandu-dengan-wayar (DBW) dan steer-by-wire (SBW). DBW boleh didapati dalam bentuk
pacuan dua roda (2WD) dan pacuan empat roda (4WD). 4WD mempunyai dua bentuk: pemacu
motor berpusat dan pemacu motor teragih. Pemacu motor berpusat adalah menggunakan motor
untuk menggantikan enjin untuk menyediakan kuasa untuk kenderaan. Pemacu motor yang
diedarkan terutamanya berdasarkan motor dalam roda, dan roda digerakkan oleh motor dalam
roda untuk menyediakan kuasa untuk kenderaan. SBW mempunyai dua bentuk: stereng dua roda
(2WS) dan stereng empat roda (4WS). la bukan sahaja secara mendadak mengurangkan beban
operasi pemandu tetapi juga menyelesaikan masalah yang kenderaan biasa tidak dapat
melaksanakan 4WS. Biasanya, kebolehgerakan yang lebih rendah mudah ditunjukkan pada
kenderaan 2WS semasa kenderaan membelok. Tidak kira semasa memandu kenderaan di jalan
raya bandar yang sempit atau tempat letak kereta, ia dikehendaki memusingkan stereng beberapa
kali apabila kenderaan itu perlu dipandu. Selain itu, kenderaan itu boleh terdedah kepada
fenomena understeer (US) atau oversteer (OS) yang berlaku semasa stereng. Tujuan utama
penyelidikan ini adalah untuk mensimulasikan prestasi stereng kenderaan dengan membina model
kenderaan konvensional moden dan untuk menyelesaikan masalah yang mungkin berlaku semasa
selekoh kenderaan dengan menggunakan sistem kawalan 4WS aktif untuk mengawal kadar yaw.
Dalam penyelidikan ini, eksperimen 2WS selekoh pada beberapa kelajuan tetap dan sudut kemudi
telah dijalankan menggunakan kereta ujian sebenar. Model simulasi kereta ujian telah dibina
dalam MATLAB Simulink menggunakan persamaan dinamik kenderaan tak linear dengan
spesifikasi kenderaan untuk parameter. Sistem kawalan PID telah digunakan dalam simulasi ini
untuk mengawal sudut stereng roda belakang untuk mencapai 4WS. Dengan membandingkan
simulasi dan keputusan eksperimen, dapat disimpulkan bahawa persamaan dinamik kenderaan
tak linear boleh digunakan untuk melakukan simulasi gerakan kenderaan. Selepas mengesahkan
persamaan dinamik kenderaan, bagi mengesahkan sama ada masa putaran stereng akan
mempengaruhi pergerakan kenderaan, kajian ini mensimulasikan dua masa berbeza untuk
melengkapkan putaran roda iaitu 2 saat dan 25 saat dengan bahagian hadapan. sudut stereng ialah
10 darjah. Keputusan menunjukkan bahawa tidak kira sama ada masa putaran stereng adalah
pantas atau perlahan, ia tidak menjejaskan kelajuan fenomena US dan OS kenderaan. Dengan
mensimulasikan situasi selekoh kelajuan kenderaan dari 10km/j hingga 80 km/j dalam kenaikan
10km/j. Disimpulkan bahawa kenderaan itu akan berlaku fenomena AS apabila kelajuan pusingan
kenderaan lebih rendah sekitar 20km/j; apabila kenderaan membelok dengan kelajuan lebih tinggi
daripada 50km/j, kenderaan akan mengalami fenomena OS berlaku. Selepas menggunakan sistem
4WS, masalah OS dan AS diselesaikan dengan cekap. Walaupun kenderaan itu membelok pada
kelajuan 80km/j, selekoh keadaan mantap (SSC) masih boleh dicapai. Selepas menggunakan
sistem kawalan PID, kebanyakan selekoh boleh dikawal. kecuali apabila roda berputar kepada 10
dalam masa dua saat sahaja dan kelajuan kenderaan melebihi 60km/j iaitu kenderaan tidak
terkawal dalam masa yang singkat, sistem kawalan PID tidak dapat menjadikan roda belakang
mempunyai sudut stereng yang sesuai. untuk menjadikan kenderaan itu mempunyai SSC.
Ringkasnya, kajian ini menyelesaikan hampir semua fenomena AS dan OS yang boleh berlaku
dalam kenderaan 2WS dengan menggunakan sistem 4WS.



ABSTRACT

X-by-wire technology is an advancement in the automotive industry and is recognized by
many countries in recent years. It includes drive-by-wire (DBW) and steer-by-wire
(SBW). DBW is available in two-wheel drive (2WD) and four-wheel drive (4WD) forms.
4WD has two forms: centralized motor drive and distributed motor drive. A centralized
motor drive is to use the motor to replace the engine to provide power for the vehicle. The
distributed motor drive is mainly based on the in-wheel motor, and the wheel is driven by
the in-wheel motor to provide power for the vehicle. SBW has two forms: two-wheel
steering (2WS) and four-wheel steering (4WS). It not only dramatically reduces the
operating burden of the driver but also solves the problem that ordinary vehicles cannot
perform 4WS. Usually, the lower maneuverability is easy to show on 2WS vehicles
during vehicle turning. No matter when driving a vehicle on a narrow city road or parking,
it is required to turn the steering wheel several times when the vehicle needs to steer.
Moreover, the vehicle can be prone to understeer (US) or oversteer (OS) phenomena that
occur when steering. The main purpose of this research is to simulate the steering
performance of the vehicle by constructing a model of modern conventional vehicles and
to solve the problems that may occur during vehicle cornering by applying an active 4WS
control system to control the yaw rate. In this research, experiments of 2WS cornering at
several constant speeds and steer angles were conducted using an actual experimental
vehicle. A simulation model of the test car was constructed in MATLAB Simulink using
nonlinear vehicle dynamics equations with the specification of the vehicle as the
parameters. A PID control system was used in this simulation to control the rear-wheel
steering angle in order to achieve 4WS. By comparing the simulation and the
experimental result, it can be concluded that the nonlinear vehicle dynamics equation can
be used to do the simulation of the vehicle motion. After verifying the vehicle dynamics
equation, in order to verify whether the time of rotating the steering wheel will affect the
motion of the vehicle, this study simulated two different times to complete the rotation of
the wheel which is 2 seconds and 25 seconds with the front steering angle is 10 degrees.
The results show that no matter whether the time of steering wheel rotation is fast or slow,
it does not affect the speed of the vehicle's US and OS phenomenon. By simulating the
cornering situation of the vehicle speeds from 10km/h to 80 km/h in the 10km/h increment.
It is concluded that the vehicle will occur US phenomenon when the vehicle turning speed
is lower around 20km/h; when the vehicle corners with a speed higher than 50km/h, the
vehicle will have an OS phenomenon happen. After applying the 4WS system, the OS
and US problems are solved efficiently. Although the vehicle is turning at a speed of
80km/h, steady-state cornering (SSC) can still be achieved. After applying the PID
control system, most of the cornering can be controlled. except when the wheels rotate to
10<in only two seconds and the vehicle speed is greater than 60km/h which is the vehicle
is out of control in a very short time, the PID control system cannot make the rear wheels
have an appropriate steering angle to make the vehicle have an SSC. In short, this study
solved almost all US and OS phenomena that can occur in 2WS vehicles by applying the
AWS system.



TABLE OF CONTENT

DECLARATION

TITLE PAGE

ACKNOWLEDGEMENTS
ABSTRAK

ABSTRACT

TABLE OF CONTENT
LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS
LIST OF APPENDIXS

CHAPTER 1 INTRODUCTION
1.1  Background

1.2 Problem Statement

1.3  Objective

1.4 Significant of Study

1.5  Scope of Study

CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

2.2 Basic of Electric Vehicle

2.2.1 The Difference between Electric VVehicle and Conventional

Vehicle

Xiv

XV

XVi

10
11

11

13
13

14

14



2.3

2.4

2.5

2.6

2.7

2.2.2 The Advantages and Disadvantages of EVs

X-by-wire Technology in Electric Vehicle

2.3.1 Drive-by-Wire System with a Central Motor

2.3.2  Drive-by-Wire System with In-Wheel Motor

2.3.3 Difference between Central Wheel Motor and In-Wheel Motor
Two-Wheel Drive Vehicle

Four-Wheel Drive Vehicle

2.5.1 The Four-Wheel Drive and All Wheel Drive

2.5.2 In-Wheel Motor Used on the Four-Wheel Drive
Steer-by-Wire

2.6.1 Two-Wheel Steering

2.6.2  Understeer and Oversteer

2.6.3 Four-Wheel Steering

2.6.4 Performance of Four-wheel Steering in Electric Vehicle

Gaps of Study

CHAPTER 3 METHODOLOGY

3.1

3.2

3.3

3.4

Introduction

Research Framework

Experimental Process

3.3.1 Vehicle Model

3.3.2 Location for the Cornering Experiment

3.3.3  Experimental Results Collected by Dewesoft Software
Parameter of the Test Car

3.4.1 The Value and Unit for Constant Parameters

3.4.2 Input Parameters and Variable Parameters

Vi

15

15

15

16

17

17

18

20

21

22

22

23

24

26

29

31

31

31

34

34

34

36

37

37

37



3.5

3.6

3.7

3.8

3.9

Simulation Process

3.5.1 Tire Rotational Speed

3.5.2 Slip Ratio

3.5.3  Friction Coefficient

3.5.4  Side-Slip Angle

3.5.5 Load Transfer

3.5.6  Nonlinear Dynamic Equation of Motion
3.5.7 Longitudinal and Lateral Force

3.5.8 Linear Dynamic Equation of Motion
The Start Time of the Steering

Steering Wheel Rotation Time

The Parallel and Opposite Steering Procedure
Control System

3.9.1 Block Diagram for PID Control System

3.9.2 Reference Yaw Rate

3.10 Summary

CHAPTER 4 RESULTS AND DISCUSSION

4.1

4.2

Introduction
Validation of the Equation for the Simulation
4.2.1 Cornering Experimental at Different Vehicle Speeds

4.2.1.1 Cornering Experimental Results of the Vehicle Speed at
25km/h

4.2.1.2 Cornering Experimental Results of the Vehicle Speed at
30km/h

4.2.1.3 Cornering Experimental Results of the Vehicle Speed at
35km/h

4.2.2 Simulation Results for VValidation
vii

38

38

39

39

40

41

42

43

44

44

45

46

46

47

48

49

51

51

52

52

53

56

58

61



4.3

4.4

4.5

4.2.2.1 Simulation Results for the Linear Dynamics Equation
4.2.2.2 Simulation Results for the Nonlinear Dynamics Equation
4.2.3 Comparing the Results Between Experimental and Simulation

Investigate the Effect of the 4WS to the Vehicle Dynamics by Passive
Control System

4.3.1 Steering Characteristic of the Simulation Model by Steady State
Cornering Test

4.3.2 Effect of Rear-Wheel Steer Angle Proportional to Front-Wheel
Steer Angle

4.3.3 Determine the Constant k Profile for Passive Control Steering to
Improve the Steer Characteristic of the Vehicle
Simulate the Application of PID Control System In 4WS Vehicle

4.4.1 Yaw Rate of 4WS Vehicle After Implemented PID Control
System

4.4.2 Rear-Wheel Steering Angle of 4WS Vehicle After Implement
PID Control System

Summary

CHAPTER 5 CONCLUSION

5.1

5.2

5.3

Introduction
Summarize the Main Research Finding

5.2.1 Objective 1: To Validate the Simulation Model by Analyse the
Cornering Experimental at a 2WS Test Vehicle

5.2.2 Objective 2: To Evaluate Steering Modes of the Four-Wheel

Steering Electric Vehicle During Cornering at Various Speed

5.2.3 Objective 3: To Determine an Appropriate Active Control
System for the Four-Wheel Steering

The Contribution of This Research

viii

61

64

66

69

70

72

79

83

84

86

90

91

91

91

91

92

92

93



5.4  Recommendation and Future Works

APPENDIX A EXPERIMENTAL RESULTS IN DEWESOFT
SOFTWARE

APPENDIX B THE YAW CHANGE FOR 25 SECOND

APPENDIX C THE YAW CHANGE FOR 2 SECOND AT SPEED OF
10KM/H

APPENDIX D THE YAW CHANGE FOR 25 SECOND AT VARIOUS
SPEED

APPENDIX E PUBLICATIONS

94

105
106

110

111
113



Table 2.1

Table 2.2
Table 2.3
Table 3.1
Table 3.2
Table 3.3

Table 4.1

Table 4.2

Table 4.3

LIST OF TABLES

The Difference Between the Electric Vehicle and the Conventional
Vehicle

The Advantages and Disadvantages of Electric Vehicle
The Gap Between Pervious Research and This Research
Constant Parameters

Input Parameters

Variable Parameters

The Comparison of the Velocity Between Experimental, Linear

Equation and Non-Linear Equation, and Its Error

The Comparison of the Steering Angle Between Experimental,

Linear Equation and Non-Linear Equation, and Its Error

The Comparison of the Yaw Rate Between Experimental, Linear

Equation and Non-Linear Equation, and Its Error

14

15

30

37

37

37

67

67

69



Figure 1:1
Figure 1:2
Figure 1:3
Figure 1:4
Figure 1:5
Figure 2:1
Figure 2:2
Figure 2:3
Figure 2:4
Figure 2:5
Figure 2:6
Figure 2:7
Figure 2:8
Figure 2:9
Figure 2:10
Figure 3:1
Figure 3:2
Figure 3:3
Figure 3:4

Figure 3:5

Figure 3:6
Figure 3.7
Figure 3:8

Figure 3:9

LIST OF FIGURES

Steer-by-Wire System

Nissan Developed Fully Electric Steer-by-Wire System
Four Types of Steering Modes

The In-Wheel Motor Structure

Four-Wheel Drive System

Central Motor for EV

A Kind of In-Wheel Motor

Front-Wheel Drive

Rear-Wheel Drive

Four-Wheel Drive Vehicle

All-Wheel Drive Vehicle

An Early Vehicle at 1900s

Two-Wheel Steering System

Understeering Vehicle

Oversteering Vehicle

Research Flowchart

University Research Vehicle Proton Persona
Experiment Site Under Wide-Angle Lens

The Testing Car is Doing the Cornering Experimental

The Experimental Results for the Test Car Shows on Dewesoft

Software

Tire Rotational Speed

The Front-Wheel Steer Angle Input Against Time
Block Diagram for PID Control System

The Reference of Yaw Rate for the PID Control System

Xi

16

17

18

18

20

20

21

23

23

24

33

34

35

35

37

39

45

47

48



Figure 3:10

Figure 4:1

Figure 4:2

Figure 4:3

Figure 4:4

Figure 4:5

Figure 4:6

Figure 4:7

Figure 4:8

Figure 4:9

Figure 4:10

Figure 4:11

Figure 4:12

Figure 4:13

The Relationship between the Reference Yaw Rate and the Vehicle
Speed

Vehicle Speed During Cornering Experiment at Target Speed 25
km/h

The Experimental Results of the Steering Angle When the Test Car
Speed at 25km/h

The Experimental Results of the Yaw Rate When the Test Car
Speed at 25km/h

Vehicle Speed During Cornering Experiment at Target Speed 30
km/h

The Experimental Results of the Steering Angle When the Test Car
Speed at 30km/h

The Experimental Results of the Yaw Rate When the Test Car
Speed at 30km/h

Vehicle Speed During Cornering Experiment at Target Speed 35
km/h

The Experimental Results of the Steering Angle When the Test Car
Speed at 35km/h

The Experimental Results of the Yaw Rate When the Test Car
Speed at 35km/h

The Linear Vehicle Dynamics Equation Simulation Results of the
Vehicle Speed

The Linear Vehicle Dynamics Equation Simulation Results of the

Steering Angle

The Linear Vehicle Dynamics Equation Simulation Results of the
Vehicle Yaw Rate

The Nonlinear Vehicle Dynamics Equation Simulation Results of
the Vehicle Speed

Xii

49

54

55

56

57

57

58

59

60

61

62

63

64

65



Figure 4:14

Figure 4:15

Figure 4:16

Figure 4:17

Figure 4:18

Figure 4:19

Figure 4:20

Figure 4:21

Figure 4:22

Figure 4:23

Figure 4:24

Figure 4:25

Figure 4:26

Figure 4:27

The Nonlinear Vehicle Dynamics Equation Simulation Results of
the Steering Angle

The Nonlinear Vehicle Dynamics Equation Simulation Results of
the Vehicle Yaw Rate

Comparison the Results of the Yaw Rate Between Experimental
and Simulation (Linear Equation and Non-Linear Equation)

The Yaw Rate Change of the 2WS Vehicle Between 10km/h and
80km/h

The Yaw Rate for 2WS model

The Yaw Rates With Different k Value At The Vehicle Speed at
10km/h And Steering Initiation Time At t=2s

The Yaw Rates With Different k Value At The Vehicle Speed at
20km/h And Steering Initiation Time At t=2s

The Yaw Rates With Different k Value At The Vehicle Speed at
30km/h And Steering Initiation Time At t=2s

The Yaw Rates With Different k Value At The Vehicle Speed at
40km/h And Steering Initiation Time At t=2s

The Yaw Rates With Different k Value At The Vehicle Speed at
50km/h And Steering Initiation Time At t=2s

The Yaw Rates With Different k Value At The Vehicle Speed at
60km/h And Steering Initiation Time At t=2s

The Yaw Rates With Different k Value At The Vehicle Speed at
70km/h And Steering Initiation Time At t=2s

The Yaw Rates With Different k Value At The Vehicle Speed at
80km/h And Steering Initiation Time At t=2s

The Effect of the Steering Angl of the Rear-Wheels on the Yaw
Rate of the Vehicle at Different Speeds And Steering Initiation
Time At t=2s

Xiii

65

66

69

71

72

74

74

75

76

76

77

78

78

80



Figure 4:28

Figure 4:29

Figure 4:30

Figure 4:31

Figure 4:32

Figure 4:33

Figure 4:34

Figure 4:35

Figure 4:36

The Effect of the Steering Angl of the Rear-Wheels on the Yaw
Rate of the Vehicle at Different Speeds And Steering Initiation
Time At t=25s

The k Value for the 4WS Vehicle Model in Passive Control System

Comparing The Yaw Rate Change Between 2WS And 4WS
Vehicle Model With A Passive Control

The Yaw Rate After Implement the PID Control System And
Steering Initiation Time At t=2s

The Yaw Rate After Implement the PID Control System And
Steering Initiation Time At t=25s

The Rear-Wheel Steering Angle After Implement the PID Control
System And Steering Initiation Time At t=2s

The Rear-Wheel Steering Angle After Implement the PID Control
System And Steering Initiation Time At t=25s

Comparing the Change of the Yaw Rate at Various Speeds Between

Different Control System Conditions

Steady-state Yaw Rate to VVehicle Speed

Xiv

81

82

83

84

85

87

87

89

89



REFERENCES

Abe, M. (2015). Vehicle handling dynamics: theory and application. Butterworth-
Heinemann.

Abubakar, A., Al-Wahaibi, Y., Al-Wahaibi, T., Al-Hashmi, A. R., Al-Ajmi, A., &
Eshrati, M. (2018). Effect of pipe diameter on horizontal oil-water flow before and
after addition of drag-reducing polymer part 11: Holdup and slip ratio. Journal of
Petroleum Science and Engineering, 162, 143-149.
https://doi.org/https://doi.org/10.1016/j.petrol.2017.12.015

Ahmed Omar, A. A., & Ozkan, B. (2015). Evaluation of Effect of In-Wheel Electric
Motors Mass on the Active Suspension System Performance Using Linear
Quadratic Regulator Control Method. International Journal of Innovative Research
in Science, Engineering and Technology, 04(01), 18655-18663.
https://doi.org/10.15680/ijirset.2015.0401043

Alexander Stoklosa. (2012). Nissan Develops Fully Electric Steer-By-Wire System.
Retrieved September 7, 2021, from
https://www.caranddriver.com/news/al8741315/nissan-develops-fully-electric-
steer-by-wire-system-will-go-on-sale-next-year/

Amir Khajepour, M. Saber Fallah, A. G. (2014). Electric and Hybrid Vehicles:
Technologies, Modeling and Control - A Mechatronic Approach. Dynamics of
High-Speed Vehicles. https://doi.org/10.1007/978-3-7091-2926-5 1

Axisa, F. (Ed.). (2004). Chapter 1 - Mechanical systems and equilibrium of forces. In
Discrete Systems (Vol. 1, pp. 1-38). Butterworth-Heinemann.
https://doi.org/https://doi.org/10.1016/S1874-7051(01)80004-9

Balachandran, A., & Gerdes, J. C. (2013). Artificial Steering Feel Design for Steer-by-
wire Vehicles. IFAC Proceedings Volumes, 46(21), 404—-409.
https://doi.org/https://doi.org/10.3182/20130904-4-JP-2042.00131

Balkwill, J. (2018). Cornering. Performance Vehicle Dynamics, 95-179.
https://doi.org/10.1016/B978-0-12-812693-6.00005-5

Bicek, M., Pepelnjak, T., & Pusavec, F. (2019). Production aspect of direct drive in-
wheel motors. Procedia CIRP, 81, 1278-1283.
https://doi.org/https://doi.org/10.1016/j.procir.2019.03.308

Bryan, W. T., Boler, M. E., & Bevly, D. M. (2021). A Vehicle-Independent
Autonomous Lane Keeping and Path Tracking SystemsxThis work is based on the
lead author’s master’s thesis (Bryan, 2020). IFAC-PapersOnLine, 54(2), 37-44.
https://doi.org/https://doi.org/10.1016/j.ifacol.2021.06.006

96



Cao, D., Rakheja, S., & Sandu, C. (2011). Erratum to “Editorial: Special issue on
interdisciplinary aspects of vehicle system dynamics integration” [Mechanical
Systems and Signal Processing 25(6) (2011) e1—e3]. Mechanical Systems and
Signal Processing, 25(8), 3212.
https://doi.org/https://doi.org/10.1016/j.ymssp.2011.07.003

Carreon, A. H., & Funkenbusch, P. D. (2018). Material specific nanoscratch ploughing
friction coefficient. Tribology International, 126, 363-375.
https://doi.org/https://doi.org/10.1016/j.triboint.2018.05.027

Chai, M., shi-wu Li, wen-cai Sun, meng-zhu Guo, & meng-yuan Huang. (2019).
Drowsiness monitoring based on steering wheel status. Transportation Research
Part D: Transport and Environment, 66, 95-103.
https://doi.org/https://doi.org/10.1016/j.trd.2018.07.007

Chakraborty, D., Hardman, S., & Tal, G. (2022). Integrating plug-in electric vehicles
(PEVs) into household fleets- factors influencing miles traveled by PEV owners in
California. Travel Behaviour and Society, 26, 67—-83.
https://doi.org/https://doi.org/10.1016/j.tbs.2021.09.004

Chatzikomis, C., Zanchetta, M., Gruber, P., Sorniotti, A., Modic, B., Motaln, T., ...
Gotovac, G. (2019). An energy-efficient torque-vectoring algorithm for electric
vehicles with multiple motors. Mechanical Systems and Signal Processing, 128,
655-673. https://doi.org/10.1016/j.ymssp.2019.03.012

Chen, H., Tu, Y., Wang, H., Shi, K., & He, S. (2021). Fault-Tolerant Tracking Control
Based on Reinforcement Learning with Application to a Steer-by-wire System.
Journal of the Franklin Institute.
https://doi.org/https://doi.org/10.1016/j.jfranklin.2021.12.012

Choi, M. W., Park, J. S., Lee, B. S., & Lee, M. H. (2008). The performance of
independent wheels steering vehicle(4WS) applied Ackerman geometry. In 2008
International Conference on Control, Automation and Systems (pp. 197-202).
https://doi.org/10.1109/ICCAS.2008.4694549

Coudon, J., Canudas-De-Wit, C., & Claeys, X. (2006). MODEL-MATCHING
CONTROL FOR STEER-BY-WIRE VEHICLES. IFAC Proceedings Volumes,
39(16), 614-619. https://doi.org/https://doi.org/10.3182/20060912-3-DE-
2911.00107

Fors, V., Olofsson, B., & Nielsen, L. (2019). Yaw-Moment Control At-the-Limit of
Friction Using Individual Front-Wheel Steering and Four-Wheel Braking The
authors are members of the ELLIIT Strategic Area for ICT research, supported by
the Swedish Government. This work was partially supported by the . IFAC-
PapersOnLine, 52(5), 458-464.
https://doi.org/https://doi.org/10.1016/j.ifacol.2019.09.073

97



Garcia-Valle, R., & Lopes, J. A. P. (2013). Electric vehicle integration into modern
power networks. https://doi.org/10.1007/978-1-4614-0134-6

Green. (2013). Tag Archive for “Electric Vehicle” SRP Electric - Electrical Contractors
in Peterborough, Ontario - page 2. Retrieved September 7, 2021, from
http://www.srpe.ca/tag/electric-vehicle/page/2/

Guo, T., Liu, G., Pang, Y., Wu, B, Xi, F., Zhao, J., ... Wang, Z. L. (2018).
Compressible hexagonal-structured triboelectric nanogenerators for harvesting tire
rotation energy. Extreme Mechanics Letters, 18, 1-8.
https://doi.org/https://doi.org/10.1016/j.eml.2017.10.002

Haddad, A., Aitouche, A., & Cocquempot, V. (2012). Fault Tolerant Control for
Autonomous Vehicle by Generating References for Rear Wheels Steering. IFAC
Proceedings Volumes (Vol. 45). IFAC. https://doi.org/10.3182/20120912-3-BG-
2031.00069

Hajiahmad, A., Goli, H., Jafari, A., Keyhani, A., & Abdolmaleki, H. (2014). Side slip
angle prediction model of an off-road tire on different terrains. Journal of
Terramechanics, 56, 25-35.
https://doi.org/https://doi.org/10.1016/j.jterra.2014.07.003

Hamamoto, M. (2019). An empirical study on the behavior of hybrid-electric vehicle
purchasers. Energy Policy, 125, 286-292.
https://doi.org/https://doi.org/10.1016/j.enpol.2018.10.042

Hensel, W. (1974). Automatic control systems of rectifier-loaded synchronous
alternators and of D.C. motors in the constant-current loop aboard a pipelaying
barge. IFAC Proceedings Volumes, 7(2, Part 2), 231-243.
https://doi.org/https://doi.org/10.1016/S1474-6670(17)67836-4

Howser, G., & McMillin, B. (2012). Modeling and reasoning about the security of
drive-by-wire automobile systems. International Journal of Critical Infrastructure
Protection, 5(3), 127-134.
https://doi.org/https://doi.org/10.1016/j.ijcip.2012.09.001

Huang, C., Naghdy, F., & Du, H. (2019). Sliding mode predictive tracking control for
uncertain Steer-by-Wire system. Control Engineering Practice, 85, 194-205.
https://doi.org/https://doi.org/10.1016/j.conengprac.2018.12.010

Indigkon. (2014, December 4). 4 Wheel Drive System | Electronic And Mechanic.
Retrieved September 8, 2021, from http://e-mechanica.blogspot.com/2014/12/4-
wheel-drive-system.html

Ishak, M. I., Ogino, H., & Yamamoto, Y. (2016). Numerical simulation analysis of an
oversteer in-wheel small electric vehicle integrated with four-wheel drive and
independent steering. International Journal of Vehicular Technology, 2016.

98



Issa, M., & Samn, A. (2022). Passive vehicle suspension system optimization using
Harris Hawk Optimization algorithm. Mathematics and Computers in Simulation,
191, 328-345. https://doi.org/https://doi.org/10.1016/j.matcom.2021.08.016

John Voelcker. (2012, July 10). Protean “Inside-Out” Wheel Motor Design: A
Company To Watch Retrieved September 7, 2021, from
https://www.greencarreports.com/news/1050749_protean-inside-out-wheel-motor-
design-a-company-to-watch

Johnson, D. K., Botha, T. R., & Els, P. S. (2019). Real-time side-slip angle
measurements using digital image correlation. Journal of Terramechanics, 81, 35—
42. https://doi.org/https://doi.org/10.1016/j.jterra.2018.08.001

Ju, F., Zhuang, W., Wang, L., & Jiang, Y. (2018). ScienceDirect A Novel Four-Wheel-
Drive Hybrid Electric Sport Utility Vehicle with A Novel Four-Wheel-Drive
Hybrid Electric Sport Utility Vehicle with Double Planetary Gears A Novel Four-
Wheel-Drive Hybrid Electric Sport Utility Vehicle with Double Planeta. IFAC-
PapersOnLine, 51(31), 81-86. https://doi.org/10.1016/j.ifacol.2018.10.016

Judalet, V., Glaser, S., Gruyer, D., & Mammar, S. (2015). IMM-based sensor fault
detection and identification for a drive-by-wire vehicle. IFAC-PapersOnLine,
48(21), 1158-1164. https://doi.org/https://doi.org/10.1016/j.ifacol.2015.09.683

Kim, M. H,, Lee, S., & Lee, K. C. (2011). A fuzzy predictive redundancy system for
fault-tolerance of x-by-wire systems. Microprocessors and Microsystems, 35(5),
453-461. https://doi.org/https://doi.org/10.1016/j.micpro.2011.04.003

Kurzweil, P. (2010). Gaston Plantéand his invention of the lead—acid battery—The
genesis of the first practical rechargeable battery. Journal of Power Sources, 195,
44244434, https://doi.org/10.1016/j.jpowsour.2009.12.126

Lalumiere, M., Desroches, G., Gourdou, P., Routhier, F., Bouyer, L., & Gagnon, D. H.
(2018). Manual wheelchair users gradually face fewer postural stability and control
challenges with increasing rolling resistance while maintaining a rear-wheel
wheelie. Human Movement Science, 62, 194-201.
https://doi.org/https://doi.org/10.1016/j.humov.2018.10.013

Langbroek, J. H. M., Cebecauer, M., Malmsten, J., Franklin, J. P., Susilo, Y. O., &
Georén, P. (2019). Electric vehicle rental and electric vehicle adoption. Research
in Transportation Economics.
https://doi.org/https://doi.org/10.1016/j.retrec.2019.02.002

Laws, S., Gadda, C., Kohn, S., Yih, P., Gerdes, J. C., & Milroy, J. C. (2005). STEER-
BY-WIRE SUSPENSION AND STEERING DESIGN FOR
CONTROLLABILITY AND OBSERVABILITY. IFAC Proceedings Volumes,
38(1), 204—-2009. https://doi.org/https://doi.org/10.3182/20050703-6-CZ-
1902.01244

99



Li, C., Liu, F., Peng, H., Huang, Y., Song, X., Xie, Q., ... Liu, Y. (2018). The positive
effect of venlafaxine on central motor conduction. Clinical Neurology and
Neurosurgery, 167, 65-69.
https://doi.org/https://doi.org/10.1016/j.clineuro.2018.02.017

Li, J., Yang, S., Li, Z., & Guo, L. (2019). An Energy Conservation Strategy Based on
Drive Mode Switching for Multi-Axle In-wheel Motor Driven Vehicle. Energy
Procedia, 158, 2580-2585.
https://doi.org/https://doi.org/10.1016/j.egypro.2019.02.006

Liang, W., Ahmac, E., Khan, M. A., & Youn, I. (2021). Integration of Active Tilting
Control and Full-Wheel Steering Control System on Vehicle Lateral Performance.
International Journal of Automotive Technology, 22(4), 979-992.
https://doi.org/10.1007/s12239-021-0088-1

Lipinski, A. J., Markowski, P., Lipinski, S., & Pyra, P. (2016). Precision of tractor
operations with soil cultivation implements using manual and automatic steering
modes. Biosystems Engineering, 145, 22-28.
https://doi.org/https://doi.org/10.1016/j.biosystemseng.2016.02.008

Liu, Yahui, Fan, K., & Ouyang, Q. (2021). Intelligent Traction Control Method Based
on Model Predictive Fuzzy PID Control and Online Optimization for Permanent
Magnetic Maglev Trains. IEEE Access, 9, 29032-29046.

Liu, Yang, Lyu, C., Zhang, Y., Liu, Z., Yu, W., & Qu, X. (2021). DeepTSP: Deep
traffic state prediction model based on large-scale empirical data. Communications
in Transportation Research, 1, 100012.
https://doi.org/https://doi.org/10.1016/j.commtr.2021.100012

Liu, Ye, Chen, H., Li, Y., Gao, J., Dave, K., Chen, J., ... Tu, R. (2022). Exhaust and
non-exhaust emissions from conventional and electric vehicles: A comparison of
monetary impact values. Journal of Cleaner Production, 331, 129965.
https://doi.org/https://doi.org/10.1016/j.jclepro.2021.129965

Luin, B., Petelin, S., & Al-Mansour, F. (2019). Microsimulation of electric vehicle
energy consumption. Energy, 174, 24-32.
https://doi.org/https://doi.org/10.1016/j.energy.2019.02.034

Luo, G., Li, H., Ma, B., & Wang, Y. (2022). Event-triggered adaptive fuzzy control for
automated vehicle steer-by-wire system with prescribed performance: Theoretical
design and experiment implementation. Expert Systems with Applications, 195,
116458. https://doi.org/10.1016/J.ESWA.2021.116458

Maoqi, L., Ishak, M. I., & Heerwan, P. M. (2019). The effect of parallel steering of a
four-wheel drive and four-wheel steer electric vehicle during spinning condition: A
numerical simulation. IOP Conference Series: Materials Science and Engineering,
469(1). https://doi.org/10.1088/1757-899X/469/1/012084

100



Maoqi, L., Ishak, M. I., Heerwan, P. M., & Zakaria, M. A. (2022). An Approach to
Neutral Steering of a 4WIS Vehicle with Yaw Moment Control. In 1. M.
Khairuddin, M. A. Abdullah, A. F. Ab. Nasir, J. A. Mat Jizat, M. A. Mohd.
Razman, A. S. Abdul Ghani, ... A. P. P. Abdul Majeed (Eds.), Enabling Industry
4.0 through Advances in Mechatronics (pp. 459-469). Singapore: Springer Nature
Singapore.

Marino, R., & Scalzi, S. (2008). Integrated Active Front Steering and Semiactive Rear
Differential Control in Rear Wheel Drive Vehicles. IFAC Proceedings Volumes,
41(2), 10732-10737. https://doi.org/https://doi.org/10.3182/20080706-5-KR-
1001.01819

Mokhiamar, O., & Amine, S. (2017). Lateral motion control of skid steering vehicles
using full drive-by-wire system. Alexandria Engineering Journal, 56(4), 383-394.
https://doi.org/https://doi.org/10.1016/j.aej.2017.03.024

National data. (2021). The amount of people deaths in traffic accidents. Retrieved
December 28, 2021, from
https://data.stats.gov.cn/easyquery.htm?cn=C01&zb=A0S0D02&sj=2020

Palermo, A., Britte, L., Janssens, K., Mundo, D., & Desmet, W. (2018). The
measurement of Gear Transmission Error as an NVH indicator: Theoretical
discussion and industrial application via low-cost digital encoders to an all-electric
vehicle gearbox. Mechanical Systems and Signal Processing, 110, 368—389.
https://doi.org/https://doi.org/10.1016/j.ymssp.2018.03.005

Palmer, C. (2021). The Drive for Electric Motor Innovation. Engineering.
https://doi.org/https://doi.org/10.1016/j.eng.2021.11.007

Park, M. H., & Kim, S. C. (2019). Thermal characteristics and effects of oil spray
cooling on in-wheel motors in electric vehicles. Applied Thermal Engineering,
152, 582-593. https://doi.org/https://doi.org/10.1016/j.applthermaleng.2019.02.119

Parsania, P., & Saradava, K. (2016). Drive-By-Wire Systems In Automobiles Drive-By-
Wire Systems In Automobiles, (August).

Pazderski, D., & Koztowski, K. (2008). Trajectory tracking control of Skid-Steering
Robot — experimental validation. IFAC Proceedings Volumes, 41(2), 5377-5382.
https://doi.org/https://doi.org/10.3182/20080706-5-KR-1001.00906

Peng, S.-T., Chang, C.-C., & Sheu, J.-J. (2004). An approach of constraining wheel slip
for automatic path tracking control of 4WS/4WD vehicles. IFAC Proceedings
Volumes, 37(8), 149-154. https://doi.org/https://doi.org/10.1016/S1474-
6670(17)31967-5

Pomponi, C., Scalzi, S., Pasquale, L., Verrelli, C. M., & Marino, R. (2018). Control
Engineering Practice Automatic motor speed reference generators for cruise and

101



lateral control of electric vehicles with in-wheel motors. Control Engineering
Practice, 79(November 2017), 126-143.
https://doi.org/10.1016/j.conengprac.2018.07.008

Schwab, A. L., & Kooijman, J. D. G. (2014). Balance and control of a rear-wheel
steered speed-record recumbent bicycle. Procedia Engineering, 72, 459-464.
https://doi.org/10.1016/j.proeng.2014.06.080

Shao, X., Naghdy, F., Du, H., & Li, H. (2019). Output feedback Heo control for active
suspension of in-wheel motor driven electric vehicle with control faults and input
delay. ISA Transactions. https://doi.org/https://doi.org/10.1016/j.isatra.2019.02.016

Sreeharsha, R., Kumar, N., Kumar, A., & Tripathi, J. P. (2022). Modeling and analysis
of articulated steering mechanism. Materials Today: Proceedings.
https://doi.org/10.1016/J.MATPR.2022.04.471

Takahashi, T., Yamamoto, S., Suzuki, M., & Raksincharoensak, P. (2021). Driver-
Adaptive Drive-by-Wire Control System for Enhancing Fuel Economy of Hybrid
Electric Vehicle. IFAC-PapersOnLine, 54(10), 78-83.
https://doi.org/https://doi.org/10.1016/j.ifacol.2021.10.144

Traverso, F., Crocco, M., & Trucco, A. (2014). Design of frequency-invariant robust
beam patterns by the oversteering of end-fire arrays. Signal Processing, 99, 129—
135. https://doi.org/https://doi.org/10.1016/j.sigpro.2013.12.014

Verhelst, S. (2018). Internal Combustion Engine Vehicles¥. In Reference Module in
Earth Systems and Environmental Sciences. Elsevier.
https://doi.org/https://doi.org/10.1016/B978-0-12-409548-9.11357-0

Vietinghoff, A. Von, Lu, H., & Kiencke, U. (2008). Detection of Critical Driving
Situations using Phase Plane Method for Vehicle Lateral Dynamics Control by
Rear Wheel Steering. IFAC Proceedings Volumes (Vol. 41). IFAC.
https://doi.org/10.3182/20080706-5-KR-1001.00960

Vranken, T., & Schreckenberg, M. (2022). Modelling multi-lane heterogeneous traffic
flow with human-driven, automated, and communicating automated vehicles.
Physica A: Statistical Mechanics and Its Applications, 589, 126629.
https://doi.org/https://doi.org/10.1016/j.physa.2021.126629

Wang, G, Liu, L., Meng, Y., Gu, Q., & Bai, G. (2021). Integrated Path tracking control
of steering and braking based on holistic MPCx«%The work is supported by the
National Key Research and Development Program of China
(No0s.2018YFC0604403, 2018YFE0192900, 2018YFC0810500 and
2019YFC0605300) and Guangdong Basic. IFAC-PapersOnLine, 54(2), 45-50.
https://doi.org/https://doi.org/10.1016/j.ifacol.2021.06.007

102



Wang, X.-B., Luo, L., Tang, L., & Yang, Z.-X. (2021). Automatic representation and
detection of fault bearings in in-wheel motors under variable load conditions.
Advanced Engineering Informatics, 49, 101321.
https://doi.org/https://doi.org/10.1016/j.aei.2021.101321

Wang, Y., Zong, C., Li, K., & Chen, H. (2019). Fault-tolerant control for in-wheel-
motor-driven electric ground vehicles in discrete time. Mechanical Systems and
Signal Processing, 121, 441-454. https://doi.org/10.1016/j.ymssp.2018.11.030

Watts, A., Vallance, A., Whitehead, A., Hilton, C., & Fraser, A. (2010). The
Technology and Economics of In-Wheel Motors. SAE International Journal of
Passenger Cars - Electronic and Electrical Systems, 3(2), 2010-01-2307.
https://doi.org/10.4271/2010-01-2307

Wu, P., Nikolov, A. D., & Wasan, D. T. (2018). Two-phase displacement dynamics in
capillaries-nanofluid reduces the frictional coefficient. Journal of Colloid and
Interface Science, 532, 153-160.
https://doi.org/https://doi.org/10.1016/j.jcis.2018.07.078

Xiong, L., & Yu, Z. (2011). Research on Robust Control for longitudinal Impact of 4
Wheel-Drive Hybrid Electric Vehicle. Procedia Engineering, 15, 293-297.
https://doi.org/https://doi.org/10.1016/.proeng.2011.08.057

Xun, D., Sun, X., Liu, Z., Zhao, F., & Hao, H. (2022). Comparing supply chains of
platinum group metal catalysts in internal combustion engine and fuel cell
vehicles: A supply risk perspective. Cleaner Logistics and Supply Chain, 4,
100043. https://doi.org/https://doi.org/10.1016/j.clscn.2022.100043

Yang, H., Liu, W., Chen, L., & Yu, F. (2021). An adaptive hierarchical control
approach of vehicle handling stability improvement based on Steer-by-Wire
Systems. Mechatronics, 77, 102583.
https://doi.org/https://doi.org/10.1016/j.mechatronics.2021.102583

Ye, Y., He, L., & Zhang, Q. (2016). Steering Control Strategies for a Four-Wheel-
Independent-Steering Bin Managing Robot. IFAC-PapersOnLine, 49(16), 39-44.
https://doi.org/https://doi.org/10.1016/j.ifacol.2016.10.008

Yim, S. (2021). Integrated Chassis Control With Four-Wheel Independent Steering
Under Constraint on Front Slip Angles. IEEE Access, 9, 10338-10347.

Yoo, S., You, S.-H., Jo, J., Kim, D., & Lee, K. I. I. (2006). OPTIMAL INTEGRATION
OF ACTIVE 4 WHEEL STEERING AND DIRECT YAW MOMENT
CONTROL. IFAC Proceedings Volumes, 39(12), 603-608.
https://doi.org/https://doi.org/10.3182/20060829-3-NL-2908.00104

Zanchetta, M., Tavernini, D., Sorniotti, A., Gruber, P., Lenzo, B., Ferrara, A., ... De
Nijs, W. (2019). Trailer control through vehicle yaw moment control: Theoretical

103



analysis and experimental assessment. Mechatronics, 64(September), 102282.
https://doi.org/10.1016/j.mechatronics.2019.102282

Zhang, H., & Zhao, W. (2018). Decoupling control of steering and driving system for
in-wheel-motor-drive electric vehicle. Mechanical Systems and Signal Processing,
101, 389-404. https://doi.org/10.1016/j.ymssp.2017.08.042

Zhang, Q., & Liu, Z. (2018a). Fuzzy Control of Electric Vehicles for Understeer
Prevention. IFAC-PapersOnLine, 51(31), 473-478.
https://doi.org/10.1016/j.ifacol.2018.10.105

Zhang, Q., & Liu, Z. (2018b). Fuzzy Control of Electric Vehicles for Understeer
Prevention. IFAC-PapersOnLine, 51(31), 473-478.
https://doi.org/https://doi.org/10.1016/j.ifacol.2018.10.105

Zhang, T., Zeng, W., Zhang, Y., Tao, D, Li, G., & Qu, X. (2021). What drives people
to use automated vehicles? A meta-analytic review. Accident Analysis &
Prevention, 159, 106270. https://doi.org/https://doi.org/10.1016/j.aap.2021.106270

Zhang, Z., Ma, X. jun, Liu, C. guang, & Wei, S. guang. (2022). Dual-steering mode
based on direct yaw moment control for multi-wheel hub motor driven vehicles:
Theoretical design and experimental assessment. Defence Technology, 18(1), 49—
61. https://doi.org/10.1016/j.dt.2020.05.004

Ziegler, D., & Abdelkafi, N. (2022). Business models for electric vehicles: Literature
review and key insights. Journal of Cleaner Production, 330, 129803.
https://doi.org/https://doi.org/10.1016/j.jclepro.2021.129803

Zulhilmi, I. M., Heerwan, P. M., Asyraf, S. M., Sollehudin, I. M., & Ishak, I. M. (n.d.).
Experimental Study on Effect of the Emergency Braking on the Wet Surface
without Anti-Lock Braking System, 1-6.

Zulhilmi, 1. M., Peeie, M. H., Asyraf, S. M., Sollehudin, I. M., & Ishak, I. M. (2020).
Experimental Study on the Effect of Emergency Braking without Anti-Lock
Braking System to Vehicle Dynamics Behaviour. International Journal of
Automotive and Mechanical Engineering, 17(2), 7832-7841.

104





