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ABSTRACT

Unintended roadway departure (URD) has been one of the main causes of traffic fatalities.
New technologies such as autonomous steering that automatically detect departure from the

lane and provide interventions could help prevent unintended roadway departure. This study

J

is aimed at deve_[gbiﬁgand'e%élﬁétting the effectivencss of a path tracking controller for un-
intended road djeparrure To achievjé’thi% a path tracking COnt_rG'l[er is designed which com-
prises feedforwatd, feedback: and y-a;w controllers. A 2-DORWeHicle model with a Brush'tire
model is impleme-l-q..‘l}e:d"'zi's fime_'zzoi_itr.dl.system plant. The lane-keeping controller is built and
simulated using- M’ATL-AB-' Simulink: .Ffoml'_t'h-e“resu'l‘-‘t_, 1hé._:c'omering_}f§rce increases with
increasing frictipn coefficient; due-te thedncreased E:_o-n_tacf stresses|because of tire defor-
mation. The controller’s performance is evaluated using various velocities. The result shows
that the controllers can track the desired path with relatively small lateral error with an in-
creasing velocity. As velocity increases, the maximum absolute tire force usage increases
due to the higher centrifugal force. Maximum absolute lateral error, heading error, and yaw

rate error also increases with increasing velocity. We can conclude that as velocity increase,

the ability for the controller to track the path decrease.



ABSTRAK

Permegian jalan raya yang tidak disengajakan merupakan salah satu penyebab utama ke-
malangan jalan raya. Teknologi baru seperti stereng autonomi yang dapat mengesan keber-
angkatan dari lorong secara automatik serta memberikan campur tangan dapat membantu
mencegah keberangkaianja:l‘dn raya yang tidak diingini. Tujuan kajian ini adalah untuk
membina dan mémlm keberkesmanpengmvalpenjejakan I:zﬂ%itiﬁ ;z‘.;mdfk Iceb—eﬁmngkatan Jjalan
vang tidak dfsezz/agakan Untik mencapai tujuan ini. peﬁg@v@] penjejakan laluan yang
terdiri dar*i;)ad(f_fé:é’éifo;f}q’Q-frd; nakliin balas, dan me-nguaﬁ telah divaneangkan. Model ken-

deraan 2-DOF dengan model tayar Bri;ﬁk_diiijzplémgmasikan,Sebag_af 'lgj-i untuk system ka-

'l

walan. Pengawal pgnj;q;;qkqn __[a!;?{_q_(_?‘dfbiqq dan drsumr!asrkan ;n@?gggmqig(m\MA TLAB Sim-
ulink. Dari ha;il ;’céputr;ts-ar%, d;;ya 1éyenjr,u‘u 111en¥nékar déntg;c;n béﬁing;fcatan Ilz)ekah' geseran
disebabkan oleh peningkatan tegangan senthuan menegak dan melintang akibat ubah ben-
tuk tayar. Halaju yang berbeza telah digunakan untuk menilai prestasi pengawal. Hasilnya
menunjukkan bahawa pengawal dapat mengesan jalan yang diinginkan dengan kesilapan
lateral yang agak kecil dengan halaju yang semakin meningkat. Penggunaan daya tayar
mutlak maksimum meningkat dengan halaju kerana daya sentrifugal yang lebih tinggi. Apa-
bila halaju meningkat, kesilapan lateral mutlak maksimum, ralat arah, dan ralat kadar men-
guap juga meningkat. Kita dapat menyimpulkan bahawa apabila halaju meningkat, kemam-

puan pengawal untuk mengesan jalan menurun.
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CHAPTER 1
INTRODUCTION

1.1  Motivation

Traffic accidents and related deaths have been increasing in Malaysia due to the

growing population and vehicles on the roads. The number of accidents had increased from

148,801 accidents to 326,817 accidents as the population of Malaysia grows from

19,494,000 in 1994 to 25.600.000 in 2004 (Umar, 2005). This unnerving situation needs to
,@_IA'I- ATS.IA

be restrained to sgﬁ" > i re

=
Ministry of Trans
=

m, the Malaysian
m 2007 to 2016,
from 369,319 t0-521,466 ~of Transport, 2016). The total number of deaths was

&
3
increased from 6282?6’ 7

\ f ' P A L
by almost 44%%%%%&&02?;%‘9@}9%?%@%@9&@-%@;&&;&&% Malaysia's
tota road and o vehils aceidents (rom 20072016 (Ministy of-Transprt 2016).

152 -Thetotal number of vehicles involved | accidents rises




Total Road Accidents and Motor Vehicles Involved in
Malaysia from 2007-2016
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> extensive financing

of the Malaysmnr(jpvemwl oa@ M d‘etn:nentall/);l igagﬂ;d by the esca-

lating m0b1llt}@ﬁmgdem-sge:@w@angem&m;mngﬁpeémﬂgmamﬂ@thskeffenses are the
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most reported causes of accidents in Malaysia, which occupy 28.8%, 16.1%, and 15.8%,

respectively. (Abdelfatah, 2016).

One of the main causes of traffic fatalities is Unintended Roadway Departures (URD).
(Alleyne, 1997). A URD happens when the vehicle swerves away from its intended path
without the driver’s control (Alleyne, 1997). Unintended Roadway Departure (URD) is often
caused by distraction, fatigue, and other acts of negligence and failure to command the path
of the vehicle track to coincide with the road direction. Human error is responsible for 94%

to 96% of vehicle crashes as stated by the 2016 fatality report (Bruce, 2017).



Implementation of intelligent road systems makes roads safer and minimizes the ac-
cidents occurring. New technologies such as autonomous steering that automatically detect
departure from the lane and provide interventions could help prevent unintended roadway

departure as driver error is eliminated from the equation.

1.2 Background

An autonomous vehicle is a vehicle that operates itself by sensing its environment
and operating without human intervention. Autonomous automotive systems are growing at
a remarkable pace. Self-driving technologies are developed by major automakers such as
Tesla, Uber, GOOOIC an::i lesdn Autonomous vehicles map and interpret their surroundings
by using a w1de}1£ray of s@nsors Thé software then procegs;sihe mformatlo11 and commands
vehicle’s the ‘ac:t_u_sator to make.an.intervention, which ean_be steermg., braking, and accel-

eration. These autoﬁon'_;"gus*teohnoiggies could assist the driver during emergencies to pre-

vent unintended'roadway departure. | 7 —a . —

Lane departure=systenys fike thejhiang P@paﬁyr@aw@:f System (LRW) detect and
alert the driver when the vehicle leaves its intended path with sound, visual, or vibration
alerts. However, an appropriate response is required from the driver, which they may be
unable to perform. The response of these systems if the driver does not take control after the
system has intervened determines whether or not they can avert a crash. That said, a driver-
less lane-keeping assist needs to take over during emergencies to prevent crashes. Several
automakers have built their LKA (Lane Keeping Assist) systems in many variants to improve
lane assist and decrease the number of accidents caused by unintended roadway departures
(Kang, 2017). Lane Keeping Assist (LKA) is a technology that warns the driver if the vehicle

is straying out of its lane. and, with no response, automatically make interventions to correct



the vehicle’s path. These systems improve lane control via torque created on the steering
wheel or controlling of rotation of the steering wheel is turned. These systems are able to
maintain lane-keeping by controlling the steering wheel angle or through torque generation

on the steering wheel (Hwang, 2008).

This study is aimed at developing and evaluating the effectiveness of a path tracking
controller for unintended road departure. To achieve this, a path tracking controller is de-
signed which comprises feedforward, feedback, and yaw controllers. The control system
uses a 2-DOF vehicle handling model as its plant. To assure the vehicle’s tracking ability,
various vehicle feedback states are used. This control is proposed so that under all condi-
tions, the vehicle is_..gk’).lc,_.,to‘,_;l_n:aintain its stability and maneuverability (Ono et. al., 1998).
Most modern vehicles steer by c;i&f.._turnihg the front wheels. This means that the driver uses
only one input,lﬁi& front steering ané%e, to regulate the vehicle’s lateral acceleration and yaw

rate.

Different techniques, such as linear quadratic Gaussian (LQG), sliding mode, adaptive,
and nonlinear control were used for designh{g vehicle confrol systems. To design the path

tracking control Systelﬁ,'MATLAB Simulink is used. The control system berformance is

assessed by utilizing a 2-DOF vehicle handling model.

1.3 Objectives

The objectives of this project are as following:
1. To develop a path tracking controller for unintended road departure.

2. To evaluate the effectiveness of the path tracking controller.



1.4

13

Scope

The scope of this project includes the following:

1.

Development of the nonlinear vehicle handling model.

2. Design of the path tracking control system in Simulink.

3. Performance evaluation of the path tracking controller.

General Methodology

In this project, the following are the steps required to establish the objectives :

1.

Literature  TRYIOPS

5n
The n;athematlcal rrfo'c'!el 0 }ach segment will be developed for path tracking by

:—l’)’\#’ P L:’_mu ~aa 8l
using a 2-DOF bicycle mode! with-a Brush tire méﬁcl arkf thé eq'fatlons of motion

of thed bityelEmédd] Winlbelderivds, MALAYSIA MELAKA

Design of a path tracking controller

Path tracking controller operates by using an autonomous steering input. The
steering controller comprises feedforward, feedback, and yaw components. A bi-
cycle model is used to predict the steering input to track the path. A lane-keeping
steering feedback system is used to reduce errors induced by disturbances or mod-
eling errors. A yaw control system is used to minimize yaw errors.

Building MATLAB Simulink diagram for path tracking control system.

The vehicle dynamics model and control system are constructed by using

MATLAB SIMULINK.





