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Abstract : Currently, hybrid electric vehicles(HEVs) are attracting attention as an alternative to supplement the driving range
limitations of battery systems and meet increasingly stringent emissions regulations. However, more strategic energy

management development is required for HEVs to be considered effective in addressing real global environmental pollution

and energy shortages. Thus, to locate the neglected problems and deficiencies in past research, this paper offers solutions that

specify how to further improve vehicle energy efficiency with new technology. Specifically, this article introduces a

methodology to direct hardware design on their various sub-system components, improve the energy efficiency of hybrid
vehicles, and make these vehicles more sustainable. Simulations help develop virtual prototypes that make it possible to
rapidly see the effects of design modifications. This paper is organized as follows: Section 2 describes the development of the
HEV model. Then, section 3 illustrates the energy management topologies for each HEV’s architecture. Section 4 details
some examples of simulation results of HEVs, and section 5 presents the paper’s conclusions.
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Subscripts
BEV : battery electric vehicle

EM  :electric motor

EMS : energy management strategy

FCEV : fuel cell electric vehicle

GHG : greenhouse gases

HEV  : hybrid electric vehicle

ICE :internal combustion engine

SOC : state of charge (Battery)

VST :vehicle simulation tool

WLTC : worldwide harmonized light vehicles test cycle
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Global Search Algorithm

Run fmincon from x0

Generate trial points
(potential start points)

Stage 1:
Run best start point among the first
NumStage OnePoints trial points

X
Stage 2:
Loop through remaining trial points,
Run fmincon if point satisfies basin,
Score and constraint filters

v
Create GlobalOptimSolutions vector

Example of fmincon for low CO2 in the tool:

Power demand: P1<P2<P3<P4...
P1_MTX=[1:1:10]...

S0C: S1<52<53<54...
S1_MTX=[20:2:40]...

SOC _treshold=60;
INDX=find(SOC_MTX < SOC_treshold);
SOC_MTX({INDX)=nan;
C0O2_MTX(INDX)=nan;

[C, I,...]=min(CO2_MTX(:));

[11,12, 13...] = ind2sub(size(CO2_MTX),l);
SOC_opt=51_ MTX(I3)...

CO2_min=C

fmincon f (x) —

Fig. 9 Algorithm of GS optimization® and example of
fmincon for minimizing CO, emissions in the

simulation
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