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1st Phase: Lit. review, Physical system modelling 

In this study, we investigate the impact of battery aging, efficiency and 
performance of EV/HEVs by considering all possible combinations of 
hardware components, such as energy/power storage devices, ultra-
capacitors and PV (Photovoltaic Panels), and control software, and 
functional architectures.  

Detailed physical system modelling of different EV/HEVs will be 
performed. Bond graph method will be utilized to model the physical 
components, such as battery and supercapacitor, and the overall 
EV/HEV powertrain architecture. These models will be used as forward 
facing in the final phase of this project. 

Introduction 2nd Phase: Backward models and optimization 

The impact of advanced control algorithms and control functional 
architecture on further optimizing the EV powertrain using our 
previously developed models will be researched.  

3rd Phase: Applying advanced controls 

Final Phase: Test and Validating 

An investigation of new modeling techniques, such as inverse bond 
graph approach, will be considered. These models will be employed 
as backward facing models to be used in the optimization phase of this 
project. This modeling approach will be extended for powertrain 
optimization of ultra-capacitor and battery HEV/EVs. The outcome of 
this optimization should result in an increase in battery life (and 
therefore lower maintenance cost), and overall powertrain efficiency.  

Our plan is to test and validate our findings on an EV powertrain test 
rig, which will be developed as a part of this research.  

Fig 1. Battery and powertrain of an EV Fig 2. Ultra-capacitors 
Fig 3. Solar Panels 

Fig 4.  Batteries of an EV 

Fig 5. Example of a Bond Graph of powertrain 

Fig 6. An example of inverse bond graph method Fig 7. Example of optimization in MATLAB ®  

Fig 8. Advanced control concepts used in EV powertrain optimization 

Fig 9. Powertrain test rig FEV Inc. Fig 10. Hardware configuration of the real-time simulation 
test bench used for EV EMS validation 
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