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ABSTRACT 

 

Recent developments in Steer-by-Wire (SBW) systems have opened new possibilities for 

vehicle steering without mechanical linkages. However, most existing research either 
applies advanced control strategies to simplified vehicle models or uses basic controllers on 

high-fidelity models, limiting the accuracy of performance evaluation. This study addresses 
that gap by integrating a Model Reference Adaptive Control (MRAC) strategy with a 

comprehensive 14 Degrees of Freedom (DOF) full-vehicle model, enabling a realistic and 
robust assessment of an Independent Steer-by-Wire (ISBW) system. The proposed 

controller is implemented and tested using MATLAB Simulink and validated against 
CarSim as a benchmark. Simulation results from a Double Lane Change test at 110 km/h  

show that MRAC reduces yaw rate error from 11.67% (PID) and 16.67% (MOPID) to 
3.33%, reflecting improvements of 71.45% and 80%, respectively. MRAC also maintains 
lateral acceleration and sideslip angle errors below 5%, outperforming conventional 

controllers in both accuracy and stability. These results demonstrate that combining a high-
order vehicle model with an adaptive control approach yields significant improvements in 

steering performance, offering valuable insights for the development of safer and more 
responsive steering systems. 

  



 

ii 

SISTEM KAEDAH MOPID BERASASKAN MODEL RUJUKAN ADAPTIF UNTUK 

KEMUDI BEBAS WAYAR  

 

ABSTRAK 

 

Kemajuan dalam sistem kemudi kenderaan telah membawa kepada kemunculan teknologi 
Steer-by-Wire (SBW) yang menggantikan sambungan mekanikal bersama kawalan 

elektronik. Namun begitu, kebanyakan kajian terdahulu hanya menggunakan model 
kenderaan ringkas bersama sistem kawalan yang canggih, atau sebaliknya, menjadikan 
penilaian prestasi sistem kurang tepat. Kajian ini menangani jurang tersebut dengan 

menggabungkan strategi kawalan Model Reference Adaptive Control (MRAC) bersama 
model kenderaan penuh 14 Darjah Kebebasan (DOF), sekali gus membolehkan penilaian 

sistem Independent Steer-by-Wire (ISBW) yang lebih realistik dan menyeluruh. Model ini 
dibangunkan dalam perisian MATLAB Simulink dan divalidasi menggunakan perisian 
CarSim sebagai penanda aras. Hasil simulasi ujian Double Lane Change pada kelajuan 110 

km/j menunjukkan bahawa MRAC mengurangkan ralat yaw rate daripada 11.67% (PID) 
dan 16.67% (MOPID) kepada 3.33%, iaitu penambahbaikan sebanyak 71.45% dan 80% 

masing-masing. Selain itu, MRAC mengekalkan ralat pecutan lateral dan sudut gelincir sisi 
di bawah 5%, dengan prestasi yang lebih unggul berbanding sistem kawalan konvensional 
dari segi ketepatan, kestabilan, dan tindak balas dinamik. Hasil dapatan ini membuktikan 

bahawa gabungan model kenderaan kompleks dengan kawalan adaptif dapat meningkatkan 
keupayaan sistem kemudi, ke arah kenderaan yang lebih selamat dan responsif.  
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