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o Day 3: EV energy management



0 DAY 1: EV MODEL

Based from presentation of Master “Electrical Engineering and Sustainable Development”, University of Lille
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1. Modelling

Battery model

lpat

lmod =
Nmod

kubat = UcennNcells

Chopper model

Ucp = MepUpqgt

lpat = Mcplm

‘ .
Ucenn = Uocy (S0C) — Reerimod

Upat
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I bat

DC machine model

Ucp = Lmaim + Rpyim

T = kminm

em = kmQpy

Gearbox model
Tgb - kngm

QO = gbﬂgb

Road

F... =A+Bv2

Chassis

Fyh — Fres = Mevavev

Wheel model

Tbg = RynFwn

Vey = Ryn ng




2. Model organisation (EMR) “

kubat = UcennNcells
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Battery model Mono-domain Multi-domain
r”ceu = Ugcy (S0C) = Reenilimoa conversion conversion
. Ipat u
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Ucp = MepUpqgt

lpat = Mcplm
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(paper work)

Gearbox model
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Wheel model
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3. Simulation (MATLAB-Simulink®©) 7

(1) EMR element selection

EMR Library | L2EP Univ. Lille
update 2025

B - Energie Source = GREEN 1. copy the sub-system inside your file
This library is just a help to use EMR for organizing Process = LIGHT ORANGE / Estimation = PINK 2. open it (double-click) to chnage the contents
B atte ry m O d e | 5“';’:%':;’"; '?iﬁ::?ggﬁxsm“;?:(xz"ge g Control = LIGHT BLUE / Strategy = DARK BLUE 3. Connect it to other elements
, bur u: |
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kuba t — ucell ncells a ery / Maono domain converter Multi domain converter Accumulation element Mona damain coupling Multi domain coupling
l bat Adaptation Conversion inversion Accumulation inversion Coupling inversion
K / i1 outf2p mes K refl
Qout 4
4qut_1 In 2 4
=
Adaptation Converter inversion Accumulation element inversion Weighting block inversion distribution Block inversion

"i EV_model_v10 * - Simulink academic use

Strategy

SIMULATION MODELING FORMAT Estimation
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3. Simulation (MATLAB-Simulink®©)

(2) Model budling

Battery model

p
Ucell

i lpat
mod
Nmod

kubat = UcennNcells

Battery

Upcy (S0C) — Reentimoa

Z’lbat

lbat

4w OCV Source

E\Lmodelfvw » OCV Source

"i EV_model_v10 * - Simulink academic use

SIMULATION MODELING FORMAT

X
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Empty block
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Model to built
from Simulink
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Signal Routing Integrator
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BATp.initSoC

init_SOC

> Fixed-Point Designer Integrator
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" . > simulink 3D Animation
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(3) Model validation Battery of 59 Ah
/ \ - Imposing 59 A during 1h
Battery model - SoC from 100% to 0%

If not the model is false!

' .
Ucelr = Ugcy (SOC) — Reenilmoa

[
bat ubat File Tools View Simulation Help

lmod :n p 0 60OP® = a T F @
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Any simple model MUST be validated by simple tests
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Simulation session “

Live Editor - \\ad.univ-lille.fr\personnels\Homedir7\3279\Documents\MATLAB\EMR\Tallinn\init_EV_dcm_2025_sol.mlx
| init_EV_dem_2025_solmlx | 4 |

10 o L& LIllT -
17 e
.

1) Model already given :
19 clc; clear all; close all;
20
21 disp(' ');
22 disp('****** Initialisation EV_dcm ******'):

23 disp( " #k*kkk started kb D I

all parameters in the “init” file S
(init_EV_dcm.m)

v

VEHICLE PARAME YT —
update 2025

Energie Source = GREEN 1. copy the sub-system inside your file
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. . . 27 PAERELEEEEEEEEE RS L L, Source Converter Accumulation Coupling
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29 BATp.V_batt = 488; @ @ odz @ @
31 BATp.ns = 96; [ ower Sowce . Downveam Soures T { f ) .
1 33 BATp.Ccell= 59; Adaptation C A Coupling inversion
EMR of each element from library - u o — - e
| 2025.sl F : \
(emr_library 2025.slx) X B VT N AT K

“Adapiation Converer mersion Accumutation Wegning dsinbution B0k

EMR of the complete system s —

3) Simulation (only sources are given) -
(EV_model_v10.slx) —
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0 DAY 2: EV CONTROL

Based from presentation of Master “Electrical Engineering and Sustainable Development”, University of Lille



Energetic Macroscopic Representation (EMR)

EMR
(graphical description)

A

Organization of models of
energy conversion systems

U

Systematic deduction
of organization of
control schemes

and energy management

N

__________________________

[Bouscayrol 2012] [Bouscayrol 2023]



Day 1: EMR of the reference vehicle

chopper DC Machine gearbox wheel chassis
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Inversion-based control “

1. EMR chopper DC Machine gearbox wheel chassis
' Comeonee SR S CommmmmnnD> GommmannnD> Cmmmneee 5
Upar Uep Um I m Tgb r wh Vey
N O = e
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2. Tuning path



Inversion-based control “

1. EMR chopper DC Machine gearbox wheel chassis

2. Tuning path T

3. Inversion step-by step



Example of inversion “

gearbox
y Cmmmeeee> Model equation
Tm Tgb
’—P —> Tgb — kngm
«— «—
Q. Q.

direct inversion

v

T _— T ab-ref Tm—'ref = Tm—'ref / kgb

Control equation



Validation of inversion

gearbox _
MATLAB 4\ > CommmoooeD> Model equation
SSIMULINK Tm Tgb
— —» Tgb - kngm
g O
Qm ng
_ direct inversion
f— Toprer Tm-ref = Tm-ref/ kgp

Control equation

Any inversion MUST be validated separately

leady Sample based T=20.000



0 DAY 3: ENERGY MANAGEMENT

Based from presentation of Master “Electrical Engineering and Sustainable Development”, University of Lille



Energetic Macroscopic Representation (EMR)

EMR
(graphical description)
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Inversion-based control “

chopper DC Machine gearbox wheel chassis
 ROREEED S S — > Commee > LoD Lo >
Upar Ueh U 1, m T gb F wh Vey
a A
Battery —>Z%e:C>—> _, _’Z@
lbfat L i €m Q2 m Q2 gb Vey i F res
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2 closed-loop controls

5 measurements



Mechanical brake “

A

Renault Zoe: RN N

[

4 Mechanical brake ) Rear: . Fr(_)nt: .
. mechanical braking regenerative braking
Model (ideal) F, (stability)
Fp = Fmb—ref Vev

F, mb-ref
- /




Coupling traction and mechanical braking forces

Traction 4\_
V \

Mechanical
brake

L

w

ev

chassis

Strategy ?

Model equation

Frot = Fyn + Fmp

v

Control equation
th—ref — detot—ref

Fmb—ref =(1- kd)Ftot—ref



EMR summer schools “

Since 2006, even year in France, odd year abroad
2014 Coimbra (Portugal), 2016 Montreal (Canada), 2018 Hanoi (Vietnam) 2022 Sion (Switzeland) 2024 Delhi (India)

Arts
et Métiers

T,

723, Lille (France)

@_ Université
de Lille

A\
3 http:/emrwebsite.org

118 attendees
from 17 countries
(51 in presences, 61 on-line)
3 lectures on concepts

26 lectures on applications,

4 simulation sessions (3 on-line). A o ° .
oo o°
[ ] g K

origin of attendees

EMR’25, Lille (France), 8-11 July 2025, hybrid
http://emerwebsite.org



http://emerwebsite.org/

EMR web site

Accessibility Dyslexia Contrast € Dark mode

L] AUL2ER o http://emerwebsite.orgq

de Lille (" . Energetic Macroscopic Representation (EMR)

Home Summer Schools Education Projects Software Publications Users

« Summer schools

 Education

Home

* Projects

EMR'25, "Modelling and control using EMR, application to HEVs and others" . PUincationS

EMR'25 Summer School organized by University of Lille in Lille, France, 8-11 July 2025

« Users

Welcome on the EMR (Energetic Macroscopic Representation) official website. It contains all EMR presentations (including those of EMR
summer schools), references, users, libraries and the latest news.

EMR, definition and interest EMR in academia or Next Week:

Energetic Macroscopic Representation (EMR) is a graphical formalism for the organization of models and controls IndUStry

of energy conversion systems. EMR is based on the interaction principle of Systemics and the causality principle AI I d O C u m e n tS a n d h OtOS
EMR is taught in Canada (Univ. Sherbrook, Univ.

of Energy. EMR leads to control schemes (blue) by a systematic inversion of the model organization (orange).
Quebec Trois-Riviere), China (Harbin Inst.Tech.,

Tsinghua Univ.), Vietnam (Hanoi Univ. of Science & ls : I b I E M I : b .t
Tech.y), Swizerland (Univ. of Applied Sience of Va I a e O n We S I e
Valais-Wallis, CERN), Portugal (INES Coimbria),
Spain (Univ. Polytec. Catalyuna, Univ. Oviedo),

Austria (Tech. Univ. Graz), Colombia (Santander
Univ.), Romania (Cluj-Napoca), India (Amity Univ)

and many French universities, etc. In industry, EMR

is used by ALSTOM, SIEMENS mobility, SIEMENS
o ealnatis (ex P

oftwa N alna
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