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Abstract : With the tightening of international carbon emission regulations, the Energy Management Strategy (EMS) for
Fuel Cell Electric Vehicles (FCEV) has become increasingly important. Conventional ECMS approaches exhibit limited
adaptability to driving pattern variations, rely on designer-dependent parameter tuning, and provide insufficient real-time
state-of-charge (SOC) feedback. This study applies an improved probability-based ECMS (P-ECMS) to enhance adaptability
and control stability in response to these issues. Development and evaluation of a mid-size passenger FCEV model were
carried out using the NEDC and UDDS driving cycles. The proposed P-ECMS achieves a 6.6 % reduction in fuel
consumption compared with rule-based control and a 1.1 % reduction compared with conventional ECMS, while maintaining
improved SOC regulation performance. In addition, when evaluated on the UDDS driving cycle, it demonstrates the lowest
equivalent hydrogen consumption among the compared strategies.

Key words : Fuel cell electric vehicle(5=221 87 A] # 7] 2}), Power distribution(712] #-1l), Equivalent consumption
minimization strategy(5- 7} 2xH] # 223} 7 2F), Energy management strategy(°l| . A 2] 71 2F), Optimal control(Z &

A el)

Nomenclature n : efficiency, (unitless)
A : area, m? @ : angular velocity, Rad/s
C : capacitance, F S : equivalence factor, (unitless)
E : energy, J .flgf“ : standard Gibbs free energy change of formation,
F : force, N J/mol
F : Faraday constant, C mol

Subscripts

| current, A
LHV :Low Heat Value 0 : standard state
P : power, W act  :activation
P : partial pressure, atm air  :air resistance
Q : charge, C bat  : battery
R : resistance, chg :charge
R :universal gas constant, J/mol-K conc :concentration
T : temperature, K cycle :driving cycle
A :voltage, V dis  :discharge
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e s electric term

eq s equivalent

est : estimated

end :end term

f : fuel

fc : fuel cell

grade :grade resistance
initial :initial term

l :low

loss : loss term

max  :maximum value
min : minimum value
mot : motor

nernst :Nemst potential

oc : open circuit
ohm  :ohmic

opt : optimal

ref : reference value
roll  :rolling resistance

trac  :traction
wh : wheel
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Table 1 Vehicle specifications Tire radius [m]ﬂic 0.33
Rolling resistance coefficient 0.02
Parameter Value Drag coefficient 0.3
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Fig. 1 FCEV configuration
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Table 3 Fuel cell specifications

Parameter Value
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Fig. 3 Validation of the powertrain model using the UDDS
cycle
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Fig. 4 Validation of the fuel cell model: power and current
comparison
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Fig. 5 Validation of the battery model: power and current
comparison
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Table 5 Hydrogen consumption and end-of-mission SOC on

UDDS cycle
FC-only efficiency | ASOCcycie EQuwa!ent fuel
efficiency
(km/kg) (%) (
UDDS
(ECMS) 97.88 1492 89.06
UDDS
(P-ECMS) 90.04 -0.96 91.81
NEDC
(ECMS) 109.1 6.46 10357
NEDC
(P-ECMS) 105.4 0.85 10475
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Fig. 10 Comparison of ECMS with and without probability
weighting in the NEDC cycle
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Fig. 11 Comparative analysis of P-ECMS and rule-based
control under the NEDC cycle over time (s): (a)
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regions proportional to the integrated magnitude of
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Table 6 Hydrogen consumption and end-of-mission SOC on

NEDC
FC-only ASOC Equivalent fuel
NEDC efficiency ( %f}y cl¢ efficiency
(km/kg) (km/kg)
Rule-based 96.83 -12.06 97.86
P-ECMS 1054 0.85 105.2
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Table 7 Hydrogen consumption and end-of-mission SOC

on UDDS
FConly | ,o0c Equivalent fuel
UDDS efficiency {c}f)”“* efficiency
(km/kg) i (km/kg)
Rule-based 84.52 -11.69 9097
P-ECMS 90.04 0.96 9181
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Fig. 14 Comparison of (a) fuel efficiency, (b) motor power,
(c) SOC, (d) stack power for both control strategies
during a selected section of the UDDS cycle
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