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1. Control decomposition
• Local control structure
• Strategy level for energy management 

2. Various inversions of distribution elements
• Different kinds of energy management
• Inversion of the different cases 

3. Analysis and strategy
• Analysis of the system possibilities
• Strategy level

4. Application to the automatic subway VAL 206

Outline 4
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1. « Local control
and energy management »



System
cause effect

desired effect
Control

right cause

measurements?

control  = inversion of the causal path

1. Which algorithm? (how many controllers)
2. Which variables to measure?
3. How to tune controllers?
4. How to implement the control?

Inversion-based methodology

automatic control
industrial electronics

input output

[Hautier 96]

Principle of inversion based methodology 6



desired effectright cause

measure?

SS1

cause
effect

input
outputSS2 SSn

C1 C2 Cn

measure?measure?

EMR = system decomposition in basic energetic subsystems (SSs)

Remember,
divide and conquer! 

Inversion-based control: systematic inversion 
of each subsystems using
open-loop or closed-loop control

Principle of inversion based methodology 7



desired effectright cause

SS1

cause
effect

SS2 SSn

C1 C2 Cn

The control scheme is developed as a mirror of the model

[Hautier 96] [Bouscayrol 03]

Miror effect 8



coupling element distribution criteria

conversion  element direct inversion +
disturbance rejection

accumulation element
controller +

disturbance rejection

Legend

Control = light blue 
Parallelograms
with dark blue
contour

direct
inversion

indirect
inversion

sensor

mandatory link

facultative link

Enversion of EMR elements 9



2. Tuning path

y3 y4 y5 y6y1
S1

y2 y7
z23 z67

S2
x1 x2 x3 x4 x5 x6 x7

1. EMR of the system

x7-refx6-refx5-refx4-refx3-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 7. Strategy
strategy

Control organization 10
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Energy management of HEVs:
Energy management of local subsystems
Energy management of the whole system (co-ordination of subsystems)

Two control levels can be organized:
- local control
- system supervision

Dynamic and 
causal modelsQuasi-static

models

compatibility
in term of 

inputs/outputs

compatibility
of the

control levels
[Delarue & al 2005]

Different control level 12



Local control:
Fast energy management in each subsystem
Objective: ensure the best efficiency of each component in function

of the request
Inversion of each element, step-step-step, using dynamic causal models

Global control or Strategy:
1.Translation of user’s reference to system reference (Cf. Wind Energy)
2. Coordination of energy between all subsystems
Objective: ensure the best energy distribution in function of the global

demand
Global view for decision using quasi-static or static models
Could be considered as an inversion of a global model of the system

Articulation of control levels 13
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φr-est

is-dq-est

es-dq-est

iim

isd

Ωgear

Tim

is-dq

es-dqis-dq

vs-dquinv

φrd

θd/s

Park’s 
transformation

stator 
windings

EM
conversion

θd/s_est

uinv-ref
Tim-refvs-dq-ref is-dq-ref

isd-ref
φr-ref

VDC

ivsi

inverter

From dynamical model to static model

Global behavior
of the drive

(machine + inverter + control)

15



Ωgear

TimVDC

ivsi

drive

Tim-ref

0 2000 4000 6000 8000-150

-100

-50

0

50

100

150

49

49 49

49

49

64

6464 6477 77
77 77

86

86

86

86

92
92

92
92

96

96

9696

96
96

96

98
98

98
98

98

Tim (Nm)

Ωgear (rad/s)

Efficiency map

x
+
-x Ωgear

TimVDC

ivsi

Tim-ref

static
model

Static model 16



Ωgear

TimVDC

ivsi

Tim-ref

Ωgear

Tim

Ωgear-ref

VDC

ivsi

Ωgear

Tim

VDC

ivsi

backward

Static model: no dynamical effect, I/O could be changed

What happens if  EM = inversion of a static model
and IBC = inversion of dynamical models
with differents I/O?

Bad articulation between control levels

Ωgear

TimVDC

ivsi

Tim-ref

static Dynamic

Coherence of dynamical and static models 17



[Salmasi 2007]

Energy management
(supervision/strateg

y)

driver request

Rule-based

deterministic 
rule-based

fuzzy
rule-based

state machine / power 
follower/ thermostat control…

predictive / adpative /
conventional…

Optimization 
based

global 
optimization

real-time 
optimization

Dynamic programming / stochastic 
DP /
Game theory / Optimal control….
Robust control / Model predictive / 
decoupling control / l control…

Energy Management of HEVs 18



19

2. « Application to the control
of an automatic subway »

part I: simplified system

Prof. A. Bouscayrol
(University Lille1, L2EP, MEGEVH, France)

based on PhD of J. N. Verhille
in collaboration with Siemens Transportation Systems



Actual system (4 DC machines + 6 choppers)
1 vehicle = 2 car,   1 car = 2 bogies

1 bogie = 1 DC machine with field winding

1 chopper for each field winding

1 chopper for the armature wining in series

VAL VAL

Traction systems of the subway VAL 206

Example of VAL automatic subway 20



Studied system (2 DC machines + 1 chopper)
1 vehicle = 1 car avec 2 bogies

1 bogie = 1 DC machine with permanent magnets

1 4 quadrants chopper for the DC machines in series

VAL

Traction systems of the subway VAL 206

Example of VAL automatic subway 21



1. EMR of the System
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1. EMR of the System
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1. EMR of the System
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2. Tuning path of the System
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Velocity
estimation
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2. « Application to the control
of an automatic subway »

part II: real system

Prof. A. Bouscayrol
(University Lille1, L2EP, MEGEVH, France)

based on PhD of J. N. Verhille
in collaboration with Siemens Transportation Systems
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- Control of mechanical part -
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- Simulation model -

Actual control

Matlab/SimulinkTM electrical part mechanical part

Complete VAL automatic subway 49
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2. « Application to the control
of an automatic subway »

part III: anti-slip strategy

Prof. A. Bouscayrol
(University Lille1, L2EP, MEGEVH, France)

based on PhD of J. N. Verhille
in collaboration with Siemens Transportation Systems



VAL Automatic Subway:
Lille, Paris airport, Chicago, Taïpeh... 

Actual control
VAL 206

• identical torque for 4 motors
• global anti-slip (cancellation of torque)
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Independent controls with same power structure?
Performances with local anti-slip?
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STS

- VAL 206 and control -
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- Philosophy of the strategy -
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- Simulation results -

actual control New anti-slip strategy

Loss of adhesion of wheel no. 1

Ftot (Nm)
traction force (Nm)traction force (Nm)

velocity (m/s) velocity (m/s)
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Conclusion
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Inversion based control = inversion of EMR
inversion of dynamic causal models

a unique Maximum Control Schemes

Strategy Level = inversion of a global static model
global model and local dynamic models must have same I/O

different strategies are possible

Efficient energy management of EVs and HEVs
Well-defined local controls of subsystems
coherent articulation between control levels

efficient strategy level
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