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« Introduction »
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EMR-based energy management of a fuel cell hybrid vehicle

- Introduction and objectives -

• Fuel cell hybrid vehicles: high energy and power density 

• Energy management strategy (EMS): efficiently manage power between sources

• Multi-objective optimization: prioritization depending on the driving cycle

• Energetic macroscopic representation (EMR): powertrain model, EMS development

• Local and global controllers: local controllers for bus voltage regulation, traction 

control, duty cycle control; global controller for energy management and optimized 

power split. 

• Dynamic saturation and rate limitation: rate limitation to control the current growth rate 

in fuel cell, saturation to restrict operation of the battery within pre-defined bounds
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« EMR and control of the 

Studied FC vehicle »
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EMR-based energy management of a fuel cell hybrid vehicle

- Structural description -

AC machine

FC

mdc2

wheel

VSI

gearbox

DC busDC/DC itot

udc

idc1

idc2mdc1

battery

• Hybrid topology with a battery as secondary source
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EMR-based energy management of a fuel cell hybrid vehicle

- EMR the FCHEV-
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EMR-based energy management of a fuel cell hybrid vehicle

- EMR the FCHEV-

Local control
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EMR-based energy management of a fuel cell hybrid vehicle

- EMR the FCHEV-

Global control

൝
𝑖1_𝑟𝑒𝑓 =  𝐼𝐹𝐶𝑜𝑢𝑡 

∗

𝑖2_𝑟𝑒𝑓 = 𝑖𝑑𝑐 −  𝐼𝐹𝐶𝑜𝑢𝑡 
∗  

𝐼𝑑𝑐 = 𝐼𝑐ℎ,𝑏𝑎𝑡𝑡 + 𝐼𝑐ℎ,𝐹𝐶
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« Multi-objective Energy 

Management Strategy »
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Energy management and multi-objective optimization of a fuel cell hybrid vehicle

- Energy management-

from battery
model SOCcond =  1,     SOCbatt< 40

0,      SOCbatt> 40

Pbattrecharge =
SOCcond x (    Pbattmaxlimit)

P*FC = Pdemand
Pbattrecharge

PB = P*FC     PFC

SOCbatt

P*FCout = ratelimit(P*FC)

from powertrain
model

Pdemand

from fuel cell
model

PFC

I*FCout = f(P*FCout ) I* f(P* )Bout = Bout

I1_ref
I 1_ref = I*FCout I 2_ref = Idc     I*FCout

to DC/DC
model

I2_ref

to DC/DC
model

I*Bout = f(P*Bout )

P*B =
Pbattrecharge, Pbattrecharge = 0
PB,                   Pbattrecharge = 0

P*Bout =
P*B,   Pbattlimit <   P*B <Pbattlimit
0,      Otherwise
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Energy management and multi-objective optimization of a fuel cell hybrid vehicle

- Energy management-

from battery
model SOCcond =  1,     SOCbatt< 40

0,      SOCbatt> 40

Pbattrecharge =
SOCcond x (    Pbattmaxlimit)

P*FC = Pdemand
Pbattrecharge

PB = P*FC     PFC

SOCbatt

P*FCout = ratelimit(P*FC)

from powertrain
model

Pdemand

from fuel cell
model

PFC

I*FCout = f(P*FCout ) I* f(P* )Bout = Bout

I1_ref
I 1_ref = I*FCout I 2_ref = Idc     I*FCout

to DC/DC
model

I2_ref

to DC/DC
model

I*Bout = f(P*Bout )

P*B =
Pbattrecharge, Pbattrecharge = 0
PB,                   Pbattrecharge = 0

P*Bout =
P*B,   Pbattlimit <   P*B <Pbattlimit
0,      Otherwise

Dynamic saturation and rate 

limitation >>Optimization of 

boundaries
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Energy management and multi-objective optimization of a fuel cell hybrid vehicle

- Energy management-
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Energy management and multi-objective optimization of a fuel cell hybrid vehicle

- Energy management-
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Energy management and multi-objective optimization of a fuel cell hybrid vehicle

- Energy management-
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Energy management and multi-objective optimization of a fuel cell hybrid vehicle

- Energy management-
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Energy management and multi-objective optimization of a fuel cell hybrid vehicle

- Multi-objective optimization-
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« Simulation results »
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EMR-based energy management of a fuel cell hybrid vehicle

- Local controller, AU driving cycle-
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• Desired speed tracked

• DC bus voltage nearly constant 

• Battery desired power tracked but fuel cell power tracking need improvement
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EMR-based energy management of a fuel cell hybrid vehicle

- Local controller, UDDS driving cycle-

• Desired speed tracked

• DC bus voltage nearly constant 

• Fuel cell power tracking improved slightly
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EMR-based energy management of a fuel cell hybrid vehicle

- Local controller, HWFET driving cycle-

• Desired speed tracked

• DC bus voltage nearly constant 

• Fuel cell power tracking significantly better
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EMR-based energy management of a fuel cell hybrid vehicle

- Global controller for power split-

• Global controller’s performance with AU, UDDS, HWFET driving cycles:

• Battery mostly taking over transients, fuel cell supplying average power
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EMR-based energy management of a fuel cell hybrid vehicle
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« Conclusion »
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EMR-based energy management of a fuel cell hybrid vehicle

- Conclusion

• A fuel cell hybrid vehicle can combine the advantages of hybrid sources by 

employing an energy management strategy to optimally split the power 

between the sources

• An organized deduction of control structure involving both local and global 

control is feasible through EMR

• Optimization of maximum and minimum boundaries of fuel cell and battery 

operation can dynamically split the power between the sources and also 

respect the system constraints

• Multi-objective optimization can be used with prioritization between 

objectives

• First simulation results demonstrate the interest of the proposed EMS
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EMR-based energy management of a fuel cell hybrid vehicle
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