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Results

Conclusions

x�Degradation with Optimal control is lower 
compared to Maximum Torque Per Ampere 
control

x�Lower overshoot and settling time in Torque 
transients

x�Both transient and steady state voltage and 
current demands are lower; which allows 

��Smaller battery
��Smaller converter
��Lower battery degradation
��Lower cooling requirements

x�However, high computation power is required to 
complete real-time control law calculation within 
the sampling interval (0.5 ms).

x�Output quality depends on model accuracy.
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FUTURE Vehicles

Objectives

Use multi objective optimization containing Closed Loop performance (JCL) 
and Degradation (JDEG) cost functions in deriving the optimal control law for 
Field Oriented Control of Permanent Magnet Synchronous Motors (PMSM) 
in Electric Vehicles.   
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>> Read Motor output
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�Reduced order Motor Model to Minimize 

Cost Function 

�Predicted torque profile 
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from maximum positive 
torque to minimum 
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as calculated by the Optimal Control & MTPA Control
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HIL TEST RIG 
ExperimentsTest-Rig

Test Rig for Electric Vehicle 
Powertrain Optimization
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FUTURE Vehicles

Objectives
Design and develop a test-rig which enables experimental verification of control 
techniques designed for powertrain components such as the motor, battery and 
supercapacitors in order to have

9�Improved closed loop control performance
9�Minimized component degradation 
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1. Degradation cost function 
evaluation based on power 
measurements using
��Cumulative Work Ratio (CWR)
��Cumulative Loss Ratio (CLR)
��Cumulative Input Energy Ratio 

(CIER).

2. Closed loop speed control 
loop performance of 
nonlinear 3 Phase Brushless 
DC motor plant with 
��PID
��Type 1 Fuzzy Logic Control 

(T1-FLC) 
��Type 2 Fuzzy Logic Control 

(T2-FLC).

3. Optimal control to 
minimize battery degradation 
using battery-supercapacitor 
hybrid energy storage.
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Percentage reduction in total energy demand
Percentage reduction in peak power demand

Experiment 2

Experiment 3

(A)

(C)

(B)

(A) 
Experiment with combined ARTEMIS drive cycle
Tracking accuracy of CASE 1 > CASE 2 > CASE 3.
Integral Absolute Error (IAE) CASE 1 < CASE 2 < CASE 3
(B)
Degradation cost functions, CWR, CLR & CIER 
CASE 1 > CASE 2 > CASE 3

(C)
Same torque demand in all CASEs

CONCLUSIONS
�CWR, CLR & CIER can successfully represent degradation.
�They can be used as degradation cost functions in control design. 
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CONCLUSIONS
�Peak power demand 

T2-FLC < T1-FLC < PID
�Total energy demand 

T2-FLC < T1-FLC < PID

Battery – 
Supercapacitor 
hybrid optimal 
control gives 
the least 
battery 
degradation 
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