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Control all 4 Semi-Active ER Dampers 

Provide Suitable Trade-Off Handling vs Comfort Performances 
Abide to all Dissipativity Constraints 

Computational Time < 5 ms

Sub-Optimal Pratical Solution Simulation Results: 

RT MPC Semi-Active Full Veh.  - Marcelo MENEZES MORATO - 27/37



Objective:
Control all 4 Semi-Active ER Dampers 

Provide Suitable Trade-Off Handling vs Comfort Performances 
Abide to all Dissipativity Constraints 

Computational Time < 5 ms

Simulation Scenario:
Straight Road, Constant Speed 

Frontal and Lateral Bumps 
Comparison with Analytical Clipped MPC, [Giorgetti, N. (2006)]

Sub-Optimal Pratical Solution Simulation Results: 

RT MPC Semi-Active Full Veh.  - Marcelo MENEZES MORATO - 27/37



Objective:
Control all 4 Semi-Active ER Dampers 

Provide Suitable Trade-Off Handling vs Comfort Performances 
Abide to all Dissipativity Constraints 

Computational Time < 5 ms

Simulation Scenario:
Straight Road, Constant Speed 

Frontal and Lateral Bumps 
Comparison with Analytical Clipped MPC, [Giorgetti, N. (2006)]

Sub-Optimal Pratical Solution Simulation Results: 

RT MPC Semi-Active Full Veh.  - Marcelo MENEZES MORATO - 27/37

Nc = Np = 10



Sub-Optimal Pratical Solution Simulation Results: 
Computation of Control Law
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Sub-Optimal Pratical Solution Simulation Results: 
Road Profile + Estimation
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Bump on all Wheels
Excite Chassis Acceleration



Sub-Optimal Pratical Solution Simulation Results: 
Road Profile + Estimation
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Bump only on Left side
Excite Roll Motion



Sub-Optimal Pratical Solution

RT MPC Semi-Active Full Veh.  - Marcelo MENEZES MORATO - 30/37

Simulation Results: 
Chassis Displacement



Sub-Optimal Pratical Solution Simulation Results: 
Chassis Acceleration
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Sub-Optimal Pratical Solution
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Simulation Results: 
Roll Angle
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Sub-Optimal Pratical Solution
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Simulation Results: 
Roll Angle
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AMPC —> Clipping Action
No guarantees of CL Performances



−0.4 −0.3 −0.2 −0.1 0 0.1 0.2 0.3 0.4

−30

−20

−10

0

10

20

30

Suspension Deflection Speed (m/s)

Su
sp

en
si

on
 F

or
ce

 (N
)

Force vs. Susp. Deflection Speed at Rear Right Corner

 

 

Maximal
Minimal
AMPC
FMPC

Sub-Optimal Pratical Solution Simulation Results: 
Semi-Active Damper Force

RT MPC Semi-Active Full Veh.  - Marcelo MENEZES MORATO - 33/37



−0.4 −0.3 −0.2 −0.1 0 0.1 0.2 0.3 0.4

−30

−20

−10

0

10

20

30

Suspension Deflection Speed (m/s)

Su
sp

en
si

on
 F

or
ce

 (N
)

Force vs. Susp. Deflection Speed at Rear Right Corner

 

 

Maximal
Minimal
AMPC
FMPC

Sub-Optimal Pratical Solution Simulation Results: 
Semi-Active Damper Force

RT MPC Semi-Active Full Veh.  - Marcelo MENEZES MORATO - 33/37

Achievable
Controlled 

Damper Force
Set



Sub-Optimal Pratical Solution Simulation Results: 
Semi-Active Damper Force
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FMPC —> Wide Range of Force



• Introduction & Motivation 

• Problem Statement & Objectives 

• System Model & Constraints 

• Observer Design + Experimental Validation 

• Optimal Solution 

• Sub-Optimal Practical Solution 

• Conclusions

Outline
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• LPV FMPC Technique —> Efficient Results! 

• Time Constraints Respected + Good Trade-Off Handling vs Comfort 

• AMPC —> Two State Control (Max Min)     

• FMPC —> Wide Use of Damper Force 

• Dissipativity Constraints of Dampers are Respected! 

• Full 7-DOF Vehicle Semi-Active Suspension Control 

• Good for Practical Implementation!

Conclusions
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• AMPC —> Two State Control (Max Min)     

• FMPC —> Wide Use of Damper Force 

• Dissipativity Constraints of Dampers are Respected! 

• Full 7-DOF Vehicle Semi-Active Suspension Control 

• Suitable for Practical Implementation!

Conclusions
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• Application to real vehicle Test-Bench 

• Compare with [Nguyen, M. Q. (2016)]  

• Couple FMPC and Mixed-Integer Programming Techniques ?

Conclusions

Future Work

RT MPC Semi-Active Full Veh.  - Marcelo MENEZES MORATO - 36/37



Merci!!!
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Questions ?
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