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ABSTRACT

Skyhook control technique is the most common control algorithm applied in 

various engineering applications. Also, particle swarm optimization (PSO) is 

extensively applied in various optimization problems. This paper introduces an 

investigation into the use of a PSO algorithm to tune the Skyhook controller for a 

semi-active vehicle suspension system incorporating magneto-rheological (MR) 

damper to improve the ride comfort and vehicle stability. The proposed suspension 

system consists of a system controller that determine the desired damping force using 

a Skyhook controller tuned using PSO, and a continuous state damper controller that 

estimate the command voltage that is required to track the desired damping force. 

The PSO technique is applied to solve the nonlinear optimization problem to find the 

Skyhook controller gains by identifying the optimal problem solution through 

cooperation and competition among the individuals of a swarm. A mathematical 

model of a two degree-of-freedom MR-damped vehicle suspension system is derived 

and simulated using Matlab/SIMULINK software. The proposed PSO Skyhook 

controlled suspension is compared to the passive suspension systems. System 

performance criteria are evaluated in both time and frequency domains, in order to 

quantify the success of the proposed suspension system. The simulated results reflect 

that the proposed PSO Skyhook controller of the MR-damped vehicle suspension 

offers a significant improvement in ride comfort and vehicle stability.
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ABSTRAK

Teknik kawalan Skyhook adalah algoritma kawalan yang biasa digunakan 

dalam pelbagai aplikasi kejuruteraan. Pengoptimuman kawanan zarah (PSO) juga 

digunakan dengan meluas dalam pelbagai masalah pengoptimuman. Tesis ini 

memperkenalkan kajian terhadap penggunaan algoritma PSO untuk menala 

pengawal Skyhook untuk sistem penggantungan kenderaan semi-aktif yang 

menggabungkan peredam magneto-rheological (MR) dalam meningkatkan 

keselesaan perjalanan dan kestabilan kenderaan. Sistem penggantungan yang 

dicadangkan terdiri daripada pengawal sistem yang menentukan daya redaman yang 

dikehendaki menggunakan pengawal Skyhook yang ditala menggunakan 

(.PSO-Skyhook) dan pengawal peredam berterusan yang menganggarkan voltan 

command yang diperlukan untuk mengesan daya redaman yang dikehendaki. Teknik 

PSO digunakan untuk menyelesaikan masalah pengoptimuman tak linear bagi 

mencari nilai pekali pengawal Skyhook dengan mengenal pasti penyelesaian masalah 

yang optimum melalui keijasama dan persaingan secara individu dalam kumpulan 

swarm. Model matematik dua darjah kebebasan untuk sistem penggantungan 

kenderaan secara MR-teredam dihasilkan dan disimulasi menggunakan perisian 

Mat lab /  SIMULINK. Sistem penggantungan kenderaan yang dikawal PSO-Skyhook 

dibandingkan dengan sistem penggantungan pasif. Kriteria prestasi sistem dinilai 

dalam domain masa dan frekuensi, untuk mengukur keberhasilan sistem 

penggantungan yang dicadangkan. Keputusan simulasi menunjukkan bahawa 

pengawal PSO-Skyhook yang dicadangkan dengan sistem penggantungan secara 

MR-teredam menawarkan peningkatan yang ketara dalam keselesaan pemanduan dan 

kestabilan kenderaan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction of Suspension System

It is well known that comfort ability is one of an important criterion in 

designing a car suspension system. The purposes of the car suspension are to 

minimize the car body vibration caused by the road surface, to support the vehicle 

body and keeping the vehicle occupant in comfortable and for vehicle handling 

(Xiangying, 2004). Most of researches nowadays towards suspension system to 

achieve quality vehicle ride and handling (Fischer et al., 2004). The suspension 

system of ground vehicle is located between the vehicle body and the vehicle wheels, 

and the components of suspension depend upon the type of suspension system 

(Fischer et al., 2004). The vehicle suspension system consists of two type’s namely 

passive and active suspension system.

The conventional suspension system which also known as a passive 

suspension system consists of a spring fixed parallel with a damper and it is located 

between un sprung mass and sprung mass. It has been used for the entire vehicle 

around the world since 1906 and it was found by a young man name William rush'. 

Meanwhile, a new advanced suspension system which also known as an active 

suspension system was design seriously by Lotus Garage, Lotus 92 in early of the 

1980s. The difference between these two types of suspension systems is the 

conventional system is more retarded with seeming casualness as compared to the 

active system.
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1.2 Problem Statement

The passive suspension system is an open loop control system. It is only 

designed to achieve certain condition only. The characteristic of passive suspension 

is fixed and cannot be adjusted by any mechanical part. The problem of passive 

suspension, if it designs heavily damped or too hard suspension it will transfer a lot 

of road input or throwing the car on unevenness of the road. Then, if it lightly 

damped or soft suspension it will give reduce the stability of vehicle in turns or 

change lane or it will swing the car. Therefore, the performance of the passive 

suspension depends on the road profile.

In another way, the semi active suspension system can give better 

performance of suspension by having force actuator, which is a close loop control 

system. The force actuator is a mechanical part that added inside the system that 

control by the controller. The controller will calculate either add or dissipate energy 

from the system with the help of sensors as an input. Sensors will give the data of 

road profile to the controller.
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1.3 Objectives of the Project

The objectives of this project are to model and control a semi active suspension 

system using sky hook controller with particle swarm optimization and to compare 

the performance for both semi active and passive suspension system.

1.4 Scope of the Project

The project scope is very vital to ensure an objective of the project is achieved. 

Generally, the list of the project scope is used as a guide for the project research. The 

scopes of this project can be refer to Figure 1.1 and summarized as follows:

I. Literature review of semi active suspension system, semi active suspension 

system with sky hook controller and semi active suspension system equipped 

with particle swarm optimization.

II. Modelling and simulation of Quarter Car Model for Passive and semi active 

suspension system using Matlab/SEVTULINK.

III. Development of Skyhook controller within Matlab/SIMULINK for semi active

suspension system using Particle Swarm Optimization to tune Skyhook 

damping values.

IV. Analyse, verify and validate the performance of develop semi active suspension

system using Skyhook with Particle Swarm Optimization in 

Matlab/SIMULINK.

V. Comparison both semi active suspensions equipped with controller and passive 

suspension system in term of body displacement, body acceleration, wheel 

displacement and suspension travel.
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