
 

 
 

Faculty of Mechanical Engineering 

 

VEHICLE SPEED CONTROL USING MRAC PID STRATEGY 

FOR GRADIENT DISTURBANCE REJECTION 

 

Faizul Akmar Bin Abdul Kadir 
 

Doctor of Philosophy 

 

2018 

  



 

 

 

 

VEHICLE SPEED CONTROL USING MRAC PID STRATEGY FOR GRADIENT 

DISTURBANCE REJECTION 

 

 

 

 

 

 

FAIZUL AKMAR BIN ABDUL KADIR 

 

 

 

 

 

 

A thesis submitted 

in fulfillment of the requirement for the degree of Doctor of Philosophy 

 

 

 

 

 

 

 

 

Faculty of Mechanical Engineering 

 

 

 

 

 

 

 

 

UNIVERSITI TEKNIKAL MALAYSIA MELAKA 

 

 

 

 

 

 

2018 

 

 

  



 

 

DECLARATION 

 

 

I declare that this thesis entitled “Vehicle Speed Control Using MRAC PID Strategy For 

Gradient Disturbance Rejection” is the result of my own research except as cited in the 

references. The thesis has not been accepted for any degree and is not concurrently submitted 

in candidature of any other degree. 

 

 

 

Signature :  ………………………………… 

Name  :  Faizul Akmar Bin Abdul Kadir 

Date  :  21th February 2018  



 

 

APPROVAL 

 

 

I hereby declare that I have read this thesis and in my opinion this thesis is sufficient in terms 

of scope and quality for the award of Doctor of Philosophy 

 

 

 

Signature  :  ………………………………… 

Supervisor Name :  Assoc. Prof. Dr. Noreffendy Bin Tamaldin 

Date   :  …………………………………  



 

 

DEDICATION 

 

 

To my beloved father and mother 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

i 
 

 

 

ABSTRACT 

 

 

Controlling vehicle speed is a challenging task, moreover when road gradient disturbance is 

taken into consideration. In this study, Model Reference Adaptive Control PID (MRAC PID) 

was proposed to handle the task. The study was conducted via simulation in MATLAB-

Simulink environment. Vehicle model used was constructed by combining validated Vehicle 

Longitudinal Model (VLM) and Electronic Throttle Body model (ETB) where VLM act as 

plant and ETB as the actuator. MRAC PID was utilized as the plant controller whereas Fixed 

Gain PID (FG PID) controls the actuator. A unique self-induced data was used as the 

Reference Model for the proposed controller together with MIT Rule as the adjustment 

mechanism. The performance of MRAC PID was studied by subjecting the vehicle to a set 

of gradient disturbances ranging from 0° to 25° with 5° increment at a driven speed of 90 

kph. The results were compared against Gain Scheduling PID (GS PID) and FG PID control 

strategies. Simulation results shows that the proposed controller outperform the other 

controllers in both transient and disturbance region. HILS with Throttle-in-the-Loop was 

conducted as the means of validating the simulation results. It was observed that the 

simulations and HILS results shows similar pattern thus conclude that the results are valid. 

Several HILS data were collected for Repeatability Analysis. The Coefficient of Variance 

(CV) obtained from the analysis indicates that the HILS has high repeatability and well 

conducted. For future works, it is recommended that the actual torque curve from 

dynamometer test is used for the vehicle model and the braking effect is considered as it may 

offer better result as well as exploring several new actuators for HILS. 
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ABSTRAK 

 

 

Kawalan halaju kenderaan merupakan bidang yang mencabar terutama bila  gangguan 

kecerunan diambil kira. Dalam kajian ini, sistem Kawalan Bolehubah dengan Model 

Rujukan PID (MRAC PID) dicadangkan untuk mengatasi masalah tersebut. Kajian 

dijalankan secara simulasi menggunakan perisian MATLAB-Simulink. Model kenderaan 

yang digunakan dihasilkan dengan menggabungkan Model Kenderan Membujur (VLM) dan 

Badan Pendikit Elektronik (ETB) yang telah disahkan dimana masing-masing berfungsi 

sebagai perumah dan penggerak. MRAC PID digunakan untuk mengawal perumah 

manakala kawalan Pekali Tetap PID (FG PID) mengawal penggerak. Sistem kawalan yang 

dicadangkan dilengkapi dengan data janaan-kendiri yang unik sebagai Model Rujukan serta 

Undang-undang MIT sebagai mekanisma perubahan. Prestasi MRAC PID dikaji dengan 

mengenakan gangguan kecerunan dalam julat 0° ke 25° dengan kenaikan sebanyak 5° 

setiapkali pada kenderaan yang bergerak dengan kelajuan 90 km/j. Keputusan yang 

diperolehi dibandingkan dengan kawalan jenis Pekali Berjadual PID (GS PID) dan FG PID. 

Keputusan simulasi menunjukkan prestasi sistem kawalan yang dicadangkan adalah yang 

lebih baik berbanding pesaingnya. HILS menggunakan Simulasi-Pendikit-dalam-Gegelung 

telah dilancarkan bagi mengesahkan keputusan simulasi. Didapati keputusan simulasi 

adalah bertepatan dengan keputusan HILS dari segi sifatnya sekaligus mengesahkan 

keputusan tersebut. Beberapa data HILS telah dikumpulkan untuk Analisa Kebolehulangan. 

Pekali Varian (CV) yang diperolehi dari analisa tersebut menunjukkan HILS telah 

dilaksanakan dengan baik dan mempunyai kebolehulangan yang tinggi. Untuk kajian 

dimasa hadapan, dicadangkan lengkung dayakilas kenderaan sebenar yang diperolehi dari 

ujian dinamometer digunakan pada model kenderaan dan kesan brek juga diambil kira. Ia 

diharap dapat memberi keputusan yang lebih baik disamping membuka ruang kepada 

menggunakan beberapa pengerak baru untuk HILS. 
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