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Summary: 

       The present thesis explains a path tracking control technique for autonomous 

ground vehicles. It develops a control technique based on the linear constrained 

model predictive control for the autonomous vehicle to follow a given path. The 

system architecture includes the; path planning model, fuzzy switching system, path 

tracking controller, and the nonlinear vehicle model. A detailed vehicle model is 

developed with three degrees of freedom and the Pacejka tires model. The fuzzy 

logic switching module is used for online switching between the linearized vehicle 

models. Further approaches are developed on the vehicle model, such as the discrete 

linear quadratic regulator as a tracking controller and the Kalman filter. 
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Nomenclature 

Symbols: 

𝐹𝑦 Lateral force of the vehicle 

𝐹𝑥 Longitudinal force of the vehicle 

𝐶𝛼 Lateral stiffness of the tires 

𝐶𝜎 Longitudinal stiffness of the tires 

𝛼 Side slip angle 

𝑅𝑒𝑓𝑓 Effective wheel radius, 

𝜔 Angular velocity 

𝑉𝑥 Linear velocity 

𝜇 Friction coefficient 

𝐹𝑧 Vertical load of the vehicle 

𝑚 Mass of the vehicle 

𝑔 Gravitational acceleration 

𝑋 Coordinate system in the reference planar frame in the x direction 

𝑌 Coordinate system in the reference planar frame in the y direction 

𝜑 Heading angle 

𝛽 Slip angle 

𝑣 Magnitude of the velocity vector. 

𝑙𝑟 Rear distances from the center of mass. 

𝑙𝑓 Front distances from the center of mass 

𝛿 Steering angle 

𝐹𝑥,𝑖 
Force generated at the wheel contact surface with the ground in the x-

axis, where 𝑖 indicates front or rear wheel 

𝐹𝑦,𝑖 
Force generated at the wheel contact surface with the ground in the y-

axis direction, where 𝑖 indicates front or rear wheel 

𝑉𝑔 Vehicle speed at the car center of gravity 

𝛼𝑓 Vehicle front slip angle 

𝐼𝑧 Moment of inertia around the z-axis 

𝑉𝑤𝑥,𝑓 Linear velocities of the wheels front and rear, in the x-axis direction 

𝑉𝑤𝑦,𝑓 Linear velocities of the wheels front and rear, in the y-axis direction 

𝑥̇ Velocity component in the vehicle frame in the x-axis direction 

𝑦̇ Velocity component in the vehicle frame in the y-axis direction 

𝐹𝑥,𝑟 Forces in the x directions for the rear wheels 

𝐹𝑦𝑓 Forces in the y directions for the front wheels 

𝑣𝑥 Longitudinal velocity, 

𝑣𝑦 Lateral velocity, 

𝑟 Yaw rate 

𝑎𝑥 Longitudinal accelerations of the vehicle 

𝑎𝑦 Lateral accelerations of the vehicle 

𝐽𝑧 Vehicle yaw inertia 

𝑏𝑓 and 𝑏𝑟 Front and rear track width. 
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Vw1 Speed of the vehicle wheel number 1 

 𝑐𝑊 Aerodynamic drag coefficient 

𝜌 Air density 

𝐴 Frontal area of the vehicle 

𝜆𝑖 Slipe ratio of the ith wheel 

𝐹𝑧𝑖 Normal force of the ith wheel 

ℎ Height of the center of gravity of the vehicle from the ground 

𝜔𝑖 Angular velocity of the ith wheel 

𝑥 State space vector 

𝑢 State space input vector  

𝑦 State space output vector  

𝐴𝑖 , 𝐵𝑖, and 𝐶𝑖 Discrete state space model matrices 

𝑄𝑖 and 𝑅𝑖 MPC tracking controller design parameters 

𝐾𝑑𝑙𝑞𝑟 Gain matrix of the DLQR 

𝑁𝑝 Prediction horizon of the MPC 

𝑁𝑐 Control horizon of the MPC 

𝑋𝑟𝑒𝑓𝑖 Reference states at sample time 𝑖 

𝑢𝑟𝑒𝑓𝑖 System inputs reference signals  

N Number of the Laguerre terms 

𝑎 Pole of the discrete-time Laguerre network 

𝜂 Laguerre parameter vector 

𝑢𝑚𝑖𝑛 and 

𝑢𝑚𝑎𝑥  
Minimum and the maximum input values 

∆𝑢𝑚𝑖𝑛 and 

∆𝑢𝑚𝑎𝑥 

Minimum and the maximum values of the rate of change of the inputs 

𝑥𝑚𝑖𝑛 and 

 𝑥𝑚𝑎𝑥 

State’s minimum and the maximum values 

𝑅𝐿 Optimization problem input increments 

𝐿(i) Laguerre functions at time sample i 

𝑁𝑖𝑛 Inputs number in the state space representation 

𝑁𝑆 States number  

𝜔𝑚𝑖𝑛 Minimum value of the angular velocity 

𝜔𝑚𝑎𝑥 Maximum value of the angular velocity  

𝛿𝑚𝑖𝑛 Stearing angle minimum value 

𝛿𝑚𝑎𝑥 Stearing angle maximum value 

∆𝛿 Rate of change of the steering angle 

∆𝛿𝑚𝑎𝑥 Maximum value of the rate of change of the steering angle 

∆𝛿𝑚𝑖𝑛 Minimum value of the rate of change of the steering angle 

 

  


