
Vehicle Torque 
Vectoring 
Control

ECE 1635
April 6, 2015 

Christopher Au Moeed Siddiqui Yujie Guo



Agenda

Background

Plant

Controller

Simulation Results

April 2015 Modern Control - Vehicle Torque Vectoring 2



Background

● Two types of undesirable vehicle steering dynamics
○ Understeer
○ Oversteer
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● TV Advantages:
○ Improved handling
○ Traction when turning
○ Better overall performance in 

poor road conditions



Plant Model
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Plant: Mathematical Models
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 Vehicle Motion Model：

 Reference Model：



Plant: Simulation Parameters
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Controller - State Feedback 

Full State Feedback Controller
With Integral Action:
● Controllable system 
● Pole placement using Matlab

Controllability Matrix:

Control Law:

Closed Loop System:
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Block Diagram for Full State 
Feedback Controller /with 

Integral Action



Controller - State Feedback 

Tuning Full State Feedback Controller
With Integral Action:

Tuning Parameters: 

Step Response:    Close Loop Bode Diagram:
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Controller - Sliding Mode

Sliding Mode Controller
● Discontinuous control signal
● Adds robustness to the closed-loop system
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Smoothed Error:

Control Law:



Controller - Sliding Mode

Consider the Lyapunov candidate function:
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Choose design parameter:



Simulation - HIL Setup

● HIL DEMO
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Steering Input Vehicle Yaw Rate



Simulation - HIL Problems

● To resolve controller instability when using HIL:
○ Increased sampling period in Labview
○ Eliminated dead zone when motor changes direction
○ Added scaling to PD controller to replicate gearing
○ More aggressive LPF
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Motor speed PD controller



Simulation Results - State Feedback

● State Feedback Controller Performance
○ approximate 0 steady state error
○ 1 sec delay during transients
○ maximum torque range -400N/m to +400N/m
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Steering Input Yaw Rate Torque Transfer



Simulation Results - Sliding Mode Control

● 0% ss error
● 0.5 second delay
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Controller Comparison
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Controller Simulation Video
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http://www.youtube.com/watch?v=nFZxausDLLA


3DOF Bicycle Model
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Distance and Angle Matrix:

Velocity Matrix:



Conclusion

● Two controllers were design to implement torque 
vectoring
○ State feedback based on an augmented plant
○ Nonlinear sliding mode controller

● HIL simulation in Labview
○ Results show that sliding mode performs better

● Recommendations
○ Kalman Filter 
○ Feedforward controller
○ Adaptive controller
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Thank You

Questions?
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