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Background

Feed-forward &Feedback control loops (Plant →P(s))

Feed-forward Feedback



Controllers: Proportional-Integral-

Derivative (PID)



Controllers: Model Predictive control 

(MPC)



Problem

Design an optimal closed-loop

control for a gasoline combustion

engine taking into consideration

actuators and limitations of the

system (knocking & misfiring).



Goals

 The main goal is to increase the efficiency of the engine 

model while following the desired torque trajectory

 Achieve the following desirable outputs:

1. Reducing knocking and misfiring.

2. Adjusting the EGR valve position to maximize energy 

output of the engine.

3. Minimizing the over all fuel consumption.



Simulation Scenarios: ONE

Type Min Max Seed

PRBS 5 90 0.1

Type Min Max Seed

PRBS -30 60 0.111

Type Min Max Seed

PRES 0 100 0.0813

Output



Simulation Scenarios: TWO

Type Min Max Seed

PRBS 5 90 0.1

Type Amplitude

Constant 5

Type Amplitude

Constant 5

Output



Simulation Scenarios: THREE

Type Min Max Step time

Step 5 90 30

Type Amplitude

Constant 5

Type Min Max Seed

PRBS -30 60 0.111

Output



Simulation Scenarios: FOUR

Type Min Max Step time

Step 5 90 30

Type Amplitude

Constant 60

Type Min Max Seed

PRBS -30 60 0.111

Output



Simulation Scenarios: FIVE

Type Step 

width

Initial 

value

Step 

height

Step 10 5 2

Type Amplitude

Constant 60

Type Amplitude

Constant 100

Output



Conclusion of Scenarios ONE-FIVE

 Scenarios revealed strong coupling between 

inputs and outputs

Henceforth, MPC controller should be used.



MPC Controller Design: Steps

1. Linearization of the provided model (Toyota model)

2. Defining horizons options.

3. Define input and output constraints.

4. Adjusting output and input weights, and input rate weight to 

accommodate the non linear plant to the desired output.



Identification

Type Amplitude

Constant 10

Type Min Max Seed

PRBS 50 60 0.1111

Output

Type Min Max Seed

PRBS 14 90 0.1



Identification: Result

Cylinders 1 and 2 have been selected as 

basis for an MPC controller design.

 They have the highest fit values.



MPC Controller Design: Controller 

MPCc1,basic

 MPCc1,basic: designed based on Cylinder 1. 

mi

mo



MPC Controller Design: Controller 

MPCc1,advanced

 MPCc1,advanced: based on Cylinder 1 with error adjustment.

mi

mo



MPC Controller Design: Controller 

MPCc2,advanced

 MPCc2,advanced : based on Cylinder 2 with error adjustment.

mi

mo



MPC Controller Design: Evaluation of 

MPCc1,basic

 Input

Back



MPC Controller Design: Evaluation of 

MPCc1,advanced

 Input

Back



MPC Controller Design: Evaluation of 

MPCc2,advanced

 Input

Back



Conclusion
 We have 

selected 

MPCc2,advanced

because it has 

the highest 

efficiency while 

having a smooth 

torque 

trajectory.  



Questions !



Scenario ONE: output

Back



Back

Scenario TWO: output



Back

Scenario THREE: output



Back

Scenario FOUR: output



Back

Scenario FIVE: output



Back

Identification Scenario: output



MPCc1,basic Scenario: output

Back



MPCc1,advanced Scenario: output

Back



MPCc2,advanced Scenario: output

Back



MATLAB MPC Cost Function


