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Offline optimization Online optimization

Requirements
Generic (architecture-wise)
Model-based
Automatically parameterized

Key factors
Generic system model
Generic control structure
Dedicated testing tool
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Generic optimization structure: HOT / ECMS

Supervisory control
inputs

Hamiltonian Min

Driving cycle

Backward Quasistatic
Models

Optimal
Control
Theory

Driver's input

HOT

ECMS

Generic system model
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Hybrid testing facility: HyHiL 

Driver model

Bench controller +  Engine

Transmission Hybrid components

Powertrain Control & 
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� Modular modeling
• Non-causal connectors
• Causal connectors

• Quasistatic
• Backward
• Forward

• Dynamic

High-frequency
models

High-frequency
models

Mean-value models
(FDM)

Mean-value models
(FDM)

Static models
(FQM)

Static models
(FQM)

Component control
(FDM)

Component control
(FDM)

Supervisory control 
(BQM)

Supervisory control 
(BQM)

Simulation Control

HOTHOT

HyHiLHyHiL

HyHiLHyHiL

inspire

inspire

download

High-frequency
models

High-frequency
models

Mean-value models
(FDM)

Mean-value models
(FDM)

Static models
(FQM)

Static models
(FQM)

Component control
(FDM)

Component control
(BDM)

Supervisory control 
(BQM)

Supervisory control 
(BQM)

Simulation Control

HOTHOT

HyHiLHyHiL

HyHiLHyHiL

inspire

inspire

download

Hierarchic
structure
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Supervisory control
inputs

Hamiltonian Min

BQM

Optimal
Control
Theory

Real-time Dynamic Models

Performance

DOWNLOAD

Driving cycle

Driver's input

PARAMETERS
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FDM equations

Static equations

S/S limit

Causality

FQM / BQM

Validation

Direct simulation

Advantage: Not to launch a 
simulation campaign



8

©
IF

P

Ambient
air

Throttle
valve

Intake
manifold

Cylinders
Ambient

air

Control

P0

T0

Pin

Tin

P0

Ts

Pin Tin

Ambient
air

Throttle
valve

Intake
manifold

Cylinders
Ambient

air

Control

P0

T0

Pin

Tin

P0

Ts

Pin Tin

Static equations extracted from FDM

Throttle valve

Intake Manifold

Cylinders

Torque generation
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FQM generation

Sonic hypothesis

D (1)

T (2)

Pin (3)

Check hypothesis

mair (5), Ce (4)

Pin

D (1)

Tin (2)

Pin (3)=
fa

ls
e

true

Sonic hypothesis

D (1)

T (2)

Pin (3)

Check hypothesis

mair (5), Ce (4)

Pin

D (1)

Tin (2)

Pin (3)=
fa

ls
e

true
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Inputs variables: Ne, Stv
Internal variables: D, mair, Tin, Pin
Output variable: Trq

Resolution procedure
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BQM generation

Pin

Tin, D ((2) & (3))

mair (5)

Stv (1)

Pin (4)=Pin

Tin, D ((2) & (3))

mair (5)

Stv (1)

Pin (4)=

� � �
� � � �� � 	 
 � � �

� 
 � � � � �� � � �� �
� � � � � � �

� � � � � � �	 � � �
 � �� �

� � � ��� � � 	 � � 
 � �� �� � �
� � � �� � 	 
 � � �

� 
 � � � � �� � � �� �
� � � � � � �

� � � � � � �	 � � �
 � �� �

� � � ��� � � 	 � � 
 � �� �

Inputs variables: Ne, Trq
Internal variables: D, mair, Tin, Pin
Output variable: Stv

Resolution procedure



11

©
IF

P

Static equations (1/2)

Ambient
air

Compressor

Heat exchanger

Throttle valve

Intake manifold

Cylinders

Exhaust
manifold

Turbine

Exhaust

Ambient air

Control

Waste-gate
control

P0 T0

Pc Tc

Pe Te

Pin Tin

Pin Tin

Pexm Texm

Pexm Texm

Pt Tt

P0 Ts

Ambient
air

Compressor

Heat exchanger

Throttle valve

Intake manifold

Cylinders

Exhaust
manifold

Turbine

Exhaust

Ambient air

Control

Waste-gate
control

P0 T0

Pc Tc

Pe Te

Pin Tin

Pin Tin

Pexm Texm

Pexm Texm

Pt Tt

P0 Ts

Compressor

Heat exchanger

Throttle, intake, cylinders
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Static equations (2/2)

Ambient
air

Compressor

Heat exchanger

Throttle valve

Intake manifold

Cylinders

Exhaust
manifold

Turbine

Exhaust

Ambient air

Control

Waste-gate
control

P0 T0

Pc Tc

Pe Te

Pin Tin

Pin Tin

Pexm Texm

Pexm Texm

Pt Tt

P0 Ts

Ambient
air

Compressor

Heat exchanger

Throttle valve

Intake manifold

Cylinders

Exhaust
manifold

Turbine

Exhaust

Ambient air

Control

Waste-gate
control

P0 T0

Pc Tc

Pe Te

Pin Tin

Pin Tin

Pexm Texm

Pexm Texm

Pt Tt

P0 Ts

Exhaust manifold

Turbine

Exhaust pipe
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Accuracy of the proposed model generation is 
quite satisfactory (difference below 5%)
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Uq

Rs

Iq Iqt

Iqi

weLsIdt

wef m

Ls

Ud

Id

Idi

Idt

Rs

Ls

+

weLsIqt

Ri

Steady State Equivalent circuit

Control property

Electric power

Electric motors – Permanent Magnet Synchronous Motor

5 eqt / 8 unknows � 1 eqt is still necessary
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Electric motors
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Batteries

Uoc

Id

Ub

+
Ri

=

Uoc

Id

Ub

+
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