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1. Energetic Macroscopic Representation 

 2. HIL simulation using EMR 

3. Example of an Electric Vehicle  

  

Outline 
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HIL simulation 

Interface System 
CONTROLLER 

BOARD (ECU) 

power 

electronics 

process 

control 

HIL simulation:  

Includes a hardware part, a software part and a specific interface 

electric 

machine 

mechanical 

power train 

HARDWARE  SOFTWARE 

many different subsystems have to be connected. 

[Bouscayrol 11] 
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HIL simulation requirements 

HIL simulation =  

 Hardware (energy conversion)   

 + Models computed in real-time 

 in dynamic interactions 

HARDWARE  

REAL-TIME SIMULATION  

energetic model 

causal model 

dynamic model 

power  

How to organize in the right way 

the numerous subsystems to be connected ? 
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1. Energetic Macroscopic Representation (EMR) 

……………… 

• Model organization 

• Control organization 
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area  xdt

knowledge  

of past evolution 

OK in 

real-time 

Principle of causality 

physical causality is integral input output 

cause effect 

t1 

t 

x 

knowledge  

of future evolution 

slope 

dt

dx

? 

impossible in 

real-time 

Causality principle 

[Iwasaki 96] [Hautier 04] 
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Interaction principle 

Each action induces a reaction 

action 

reaction 

S2 S1 

Power exchanged by S1and S2 = action x réaction 

power 

Example 

battery load 

Vbat 
Vbat 

iload 

load battery 
Vbat 

iload 

P=Vbat iload 

Interaction principle 

[Paynter 61] [Bouscayrol 00] 
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system 
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system 
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organization 

 

valuable 

properties 

behavior 

study 

 

prediction 

 

Modeling vs. Representation 
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real 
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representation 
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“control” 

causal & 

systemic 

organization 

 

Highlight energetic 

and systems properties  

prediction 

 

dynamical 

models 

Real-time 

control & 

Energy  

management 

forward 

approach 

Representation I/O 
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DCM1 

DCM2 

EP1 

EP2 

Bat. Road 

ME1 

ME2 

EMR 

(graphical description) 

= 

organization 

of models of 

complex systems 

Energetic Macroscopic Representation (EMR) 

v 
Bat road 

coupling 

element 

(energy 

distribution) 

source 

element 

(outside 

the system) 

accumulation 

element 

(energy 

storage) 
conversion 

element 

(energy 

tuning) 

[Bouscayrol 00, 12] 
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DCM1 

DCM2 

EP1 

EP2 

Bat. Road 

ME1 

ME2 

EMR 

(graphical description) 

= 

organization 

of models of 

complex systems 

Energetic Macroscopic Representation (EMR) 

v 
Bat road 

Action / reaction  

variables 

Fixed I/Os 

(imposed by 

the internal 

Causality) 

floating I/Os 

(imposed by 

other elements) 

only the physical 

integral causality 

is authorized! 



13 

HIL’16, Lille Sept. 2016 

Example of EMR element 

W 
J 

T2 T1 

W 

T1 

T2 

W 

W 

Rotating shaft 

Initial relationship 

Structural description 

causal relationship 

functional description 

(EMR) 

(W state variable) 21
dt

d
 TfJT  WW

dt)TfT(  21
2

1
WW (output as an integal  

function  of inputs) 

accumulation element 

(W output at both sides) 

2 
2

1
W JE

EMR = organization of the model in respect  

with the interaction and causality principles 
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Energy  

source 

Energy  

accumulation 

Energy  

conversion 

(potential tuning) 

Energy  

distribution 

Only 4 energetic functions 

all power I/O defined 

by accumulation elements 

(causality) 

only conversion elements  

can have tuning inputs 

all elements connected 

by action/ reaction (power link) 

(interaction) 

EMR elements 

element association 

according the holistic principle 

(Systemics) 
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DCM1 

DCM2 

EP1 

EP2 

Bat. Road 

ME1 

ME2 

EMR 

(graphical description) 

= 

organization 

of models of 

complex systems 

 

 

 

Systematic deduction 

of organization of 

control schemes 

Inversion-based control scheme 

v 
Bat road 

Strategy 

vref 
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coupling element distribution criteria 

conversion  element direct inversion 

accumulation element 
closed-loop control  

Inversion of EMR elements 
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[Hautier 04] [Bouscayrol 12] 
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2. Tuning path 

y3 y4 y5 y6 y1 

S1 
y2 y7 

z23 z56 

S2 

x1 x2 x3 x4 x5 x6 x7 

1. EMR of the system 

x7-ref x6-ref x5-ref x4-ref x3-ref 

3. Inversion step-by-step Strong assumption: all variables can be measured! 

Maximal Control Structure (or scheme): 

- maximum of sensors 

- maximum of operations 

Example: 

- 4 sensors 

- 2 closed-loop controllers 

Maximal Control Structure 
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2. Tuning path 

y3 y4 y5 y6 y1 

S1 
y2 y7 

z23 z56 

S2 

x1 x2 x3 x4 x5 x6 x7 

1. EMR of the system 

x7-ref x4-ref x3-ref 

3. Inversion step-by-step Strong assumption: all variables can be measured! 

4. Simplification of control 

5. Estimation of non-measured variables 

6. Tuning of controllers 

y4-est 

x7-est 

PI / PID / fuzzy controller? 

Calculation of parameters? 

Practical Control Structure 
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2. EMR for organization of HIL simulation 

……………… 

• EMR for control 

• EMR for HIL 
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SIMULATION ENVIRONMENT  

SYSTEM  
UNDER TEST  

CONTROLLER 

BOARD (ECU) 

power 
electronics 

electric 
machine 

mechanical 
power train 

process 
control 

control  
signals 

emulation 
system 

emulation 
control 

Power HIL simulation 

Interface 
system 

How to organize in the right way 

the numerous subsystems to be connected ? 
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battery inverter e-machine 

HIL simulation using EMR 

Objective: test of new power subsystem before implementation in a real vehicle 

 

Example of an EV 

wheel chassis road 

power control 

Systematic organization using EMR:  

• organization of the numerous subsystems 

• definition of the interface subsystem 
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Different objectives = different Power HIL simulation 

subsystem 

to be tested 

battery inverter e-machine 

HIL simulation using EMR (2) 

Objective: test of new power subsystem before implementation in a real vehicle 

 

Example of an EV 

wheel chassis road 

power control 

Systematic organization using EMR:  

• organization of the numerous subsystems 

• definition of the interface subsystem 

? 
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simulation 

subsystem 

To be tested 

? 

Interface subsystem 

whel chassis road 

Tem 

Wem 

Tmes 

Wref 

model 

DCM chopper battery inverter e-machine 

HIL simulation using EMR (2) 

Objective: test of new power subsystem before implementation in a real vehicle 

 

Example of an EV power control 

Systematic organization using EMR:  

• organization of the numerous subsystems 

• definition of the interface subsystem 
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• flexible power and  

  control devices 

• HIL simulation 

study of a 

new vehicle 

• EMR methodology 

• simulation (EMR 

  library) 

Objective of the “electricity & vehicle” (eV) platform of the control team:  

 real-time validation of energy management of new vehicle concepts  

 for more efficient and less pollutant transportation systems 

pre-validation on 

the “eV” platform 

validation on 

a real prototype 

• real vehicle 

• IBC and EMS 

  integration 

HIL simulation of the 3008 HY4  

traction system (« ev » platform) 

3008  HY4 

Simulation of the 3008 HY4  

using EMR 

Ex: PhD of T. Letrouvé (double parallel HEV of PSA) 

validation of the control on 

 the 3008 HY4 prototype 

Example of HIL simulation of a HEV 
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3. Example of a EV traction system 

……………… 

• EMR of the studied EV 

• HIL simulation of the studied EV 

electricity 

& Vehicles 
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Wwh2 Tdiff2

Vbat

iinv
Wgear

Tim

Wdiff

Tgear

Wwh1 Tdiff1s11 s21 s31

Traction of the studied EV: VSI + Induction machine + differential + 2 driven wheels 

Drive implementation 

for an Electric Vehicle ? 

1. Simulation of the EV (drive + vehicle dynamics) 

2. Test of the actual traction drive 

3. Test of the whole prototype 

drive control 

HIL simulation 

Objective 
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EMR of the studied system 
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control power 

Ftot-ref vev-ref 
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control power 
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Synthetic description 
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mechanical  
power train 

traction drive 

drive control 

control power 

power train 
control 

vev-ref Tim-ref 

Tim 

Tim 

model 

mechanical  
power train 

DC load drive 

drive control 

Wref= Wmod 

W 

HIL simulation organization 
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controller 
board 

HIL  
simulator 

MS 

ES 

vve-ref 

PWM FOC 

ES 

Details on the HIL simulation 
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IM DCM 

inverter 
chopper 

dSPACE 1103 
controller board 

Experimental set-up 
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IM DCM 

inverter 
chopper 

dSPACE 1103 
controller board 

Experimental set-up 
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Ngear-mes

Tim-ref

iim1-mes

idcm-mes

vlw-mod
Ngear-ref

im-ref

ubat

vev-ref

vev-mod

vrw-mod

ma2-est

Experimental results for an ECE driving cycle 
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Validation of the HIL simulation 
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