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Abstract—Electric vehicles and renewable energy are
currently viewed as completely complementary clean energy
technologies. In this paper, a renewable energy management
system based on a hybrid smart vehicle is used, combining
the energy from the fuel cell and the energy from the storage
devices according to the driving cycle response and long-
distance autonomy. Thus, the use of fuel cells and storage
batteries in the automotive sector is expected to play a major
role in addressing the issue of sustainable mobility in the
long run. In a hybrid vehicle, the electrical motor is hopped-
up by a electric cell aided by a secondary energy supply. The
latter is either a battery or a supercapacitor. The resulting
hybrid architecture offers a degree of freedom in the
management of energy flows and in the sizing of the
powertrain. This paper proposes and designs a type-2 fuzzy
logic controller based on the intended motor torque and
battery state of charge (SOCg,4), With the goal of regulating
the requested energy consumption while increasing or
maintaining driving performance characteristics. This
proposed Type-2 fuzzy controller is implemented and
evaluated in the onboard hybrid power system simulation
model. The results show that the management algorithm can
improve its intervention during cycle change and power
system efficiency by decreasing variance in battery state of
charge. Simulations reveal that the new method is well suited
for various driving cycles and severe operational
ircumstances.
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l. INTRODUCTION

Significant climatic changes, such as global warming
and poor air quality, have recently threatened all life on
Earth, raising concerns around the world about enormous
gas emissions as well as energy issues. Thermal electric
vehicles are becoming intelligent vehicles in this context,
giving a possible solution to environmental challenges by
improving energy efficiency and system reliability.
Following this trend, pure electric vehicles powered by
renewable energy sources are being proposed to optimize
energy management using artificial  intelligence
approaches [1].

Energy storage system integration plays a critical role
in processes like grid stability, reliable power supply, and
pumping systems, as well as in electric vehicles with
hundreds of miles of range. In order to maintain the energy
balance and thereby simply improve the power quality
while keeping the cost into consideration, a number of
energy management approaches have been developed in
the literature [2]. Battery energy storage systems have
been selected as the energy storage system and
implemented in many applications.

Several research of energy management systems have
recently been conducted on hybrid cars. Based on
numerous input variables [3], Montazeri-gh et al.[2]
developed the rule to increase energy savings. It is
typically advised to use a neural network (NN)-based
machine learning (ML) technique to address multi-
objective energy management problems. Using the
sampling optimization method, Genther et al. [1] looked at
the possibility of reducing the price of fuel cell
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According to the research described in [4], a novel
hybrid power management system that combines an
external energy reduction technique with an adaptive
neuro-fuzzy inference system (ANFIS) and functions as an
adaptive control system is proposed. In order to maximize
the performance of an on-the-spot crossbreeding physical
science system made up of an HT-PEM cell and a Li-ion
battery, [5] proposes a scaling strategy. The Gray Wolf
Optimizer (GWO) method was suggested by Djerioui et al.
This strategy's goal is to control the fuel cell/battery hybrid
power source [6]. On the other hand, Hong investigated an
energy management strategy based on the dynamic
tracking coefficient for hybrid vehicles; this strategy can
keep the efficiency of the hybrid fuel cell power system at
a high level.

The aforementioned battery-only energy storage
technique has a number of drawbacks, such as a brief life
cycle, a low power density, and a high cost [7]. In contrast
to batteries, supercapacitors have a number of benefits
including a high power density, a lengthy life cycle, and a
broad operating range. By supporting the battery during
times of increased power demand and extending its life,
these complementary qualities can be combined in a
hybrid storage system, which will ultimately increase the
driving range.

For the adequate flow of energy all told parts of the
electrical vehicle, the adoption of a hybrid energy storage
system needs a strong energy management technique that
is complete by employing a type-2 symbolic logic
controller strategy [8].

The use of a type-2 fuzzy logic controller method
enables a robust energy management technique, which is
necessary for the sufficient flow of energy in all
components of the electric vehicle [8]. This strategy is one
of the best for handling the internal relationships of a
complex model because of its strong nonlinearity,
enormous amounts of data handled in parallel, and great
robustness [9], [10]. According to our research, a fuel cell
serves as the major energy source for the suggested Energy
Management of Hybrid Power System fuel cell/Battery
Based dc/dc converter, while batteries serve as the
secondary energy source for the system.

This revised version of the article is structured as
follows: in section 2, we'll go over the hybrid electric
vehicle configuration and its design parameters. A brief on
the modeling of the hybrid source fuel cell and battery will
be introduced in Section 3. Section 4 discusses the type 2
fuzzy logic principle. The type 2 fuzzy logic-based power
management is discussed in section 5. Section 6 presents
the simulation results and commentary. The work done in
the conclusion is summarized in Section 7. Future work in
section 8.

II.  HYBRID ELECTRIC VEHICLE CONFIGURATION

Figure 1 depicts the schematic for the on-board hybrid
power system. It is a fuel cell and battery-powered direct
current power system. A DC bus is connected to the fuel
cell system by a unidirectional DC/DC boost converter.
The battery is connected to the DC bus by a non-isolated
bidirectional DC/DC converter. The electric motor load is
connected to the DC bus by a three-phase voltage inverter.
The traction chain's parts will be assessed to make sure
they work well together. In addition, type 2 fuzzy logic is
used to distribute and manage energy between the energy
sources and the traction motor and the auxiliary services of
the vehicle.

[
1 Power
: management
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Hybrid source N _ o o o o e e e e ~ Electric
( Battery \ DC-DC converte Power traction mptpr
— inverter
e — —_— ‘ ]
" Road wheel
\ i 4 B el o
. oo \ ) <—) Bidirectional
\_ Fuelcell / —— Unidirectional
Figure 1. Configuration of the hybrid electrical vehicle's
powertrain

I1l.  HYBRID SOURCE MODELING

A. Model of Fuel Cell

Since it is the best fuel cell type for transportation, the
Proton Exchange Membrane Fuel Cell (PEMFC) is used in
this work. The high cost and limited lifetime of fuel cells
are the fundamental obstacles to their widespread
commercialization [11], [12]. The electrical circuit shown
in Figure 2 can be utilized as a suitable substitute to
replicate the dynamical behavior of a fuel cell.
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Figure 2. Electric circuit of the fuel cell
You may write the fuel cell output voltage as follows:

Ve =Eoc -V —Ryl e 1)
With:

dv 1 1

— =l -V 2)

d C T
Where:
V: represents the dynamical voltage across the equivalent
capacitor.

C: is the equivalent electrical capacitance.
Ron: is the ohmic resistance.

E.: is the open-circuit voltage.

7. is the fuel cell electrical time constant,
It defined as follows:

=(Re +R,)C ©)

The fuel cell's output voltage can also be stated as
follows:

Ve =V, Ny, (4)

cell

Where:
Neen: is the number of cells in the stack.

In the event of an open circuit, the fuel cell might be
regarded as a source of voltage. This voltage has a perfect
level that is lowered by the way it functions. The
theoretically reversible voltage, also known as open circuit
voltage (OCV), or ideal voltage output, E, is present inside
the cell [13]. The formula for this voltage is:

EceII 0-cell +

(pH \/FTR R, ) gl (5)

Where:

R: is a gas constant,

T: is temperature in Kelvin,

F: is Faraday’s constant,

p*: is the partial pressure of the noted species, all of
which are positive.

Furthermore,

Eoy =E°

0—cell ocell k E (T - 298) (6)
Where:

Eocen: is the reference potential at standard temperature
and pressure (298 K, 1 atm),

ke: is a constant, both positive.

The final element of the OCV is the equation:

ot

d —cell ﬂe' 1 € " (7)

Where:
Ae. 1S @ constant,
i: is the cell current,
7. is fuel and oxidant flow delay, all positive.

These equations are used to determine the fuel cell's
stated power, abbreviated PFC, and to identify an accurate
mathematical model that corresponds to it [14].

B. The Battery Model

The battery can be modeled by the simplified electrical
diagram as shown in Figure 3.
Where:

VBaI :EBa1+RBa1IBa1 (8)

The battery capacity Cg, can be calculated as follows
[15]:

1.67(1+0.005 AT )

1+0.67 [IB‘*‘j
I0

The battery's charge level is indicated as [16]:

CBat :Co )
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Figure. 3. Electric circuit of the battery

A static bidirectional buck-boost device [17] connects
the battery on to the DC bus. Figure 4 shows the diagram
of this topology with the tactic of control the battery by a
customary standard setting.

As a result, the two power sources—battery and fuel
cell—cooperate to satisfy the driving cycle's energy needs
while also taking into account the fuel cell's capacity
changes and the battery's dynamics during charging and
draining [18]. The following equation links the provided
and desired powers at a specific time:

Pl =Poa +Prc (12)

Where:

PLoad : is the power demand of the drive cycle.
Pec: is the power supply from fuel cell.

Pgat: is the power supply from battery pack.

As battery efficiency varies with respect to discharge
and charging of the battery, it is essential to model these
two stages separately and hence study their dynamics. So,
we can written as [19]:

P

Ploa = Poat-aonlaen T2+ Pee (13)
ch

where:

Pgatach: 1S the discharge power provided by the battery,

which by sign convention is positive.

Pgatch: is the charge power going into the battery, which

by sign convention is negative.

nach: 1S the battery discharge efficiency.

nens 18 the battery charge efficiency.
Similarly equation (10) is modified with respect to battery
discharge and battery charge efficiency as:

DC/DC Buck-Boost

Batter
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Figure 4. Battery control using a classical controller

SOC =1- Poat-ao Ak — Poa-on Ak (14

Bat Bat

The energy that flows out of and into the battery can be
determined during each driving cycle based on the
charging and discharging power. In order to determine the
number of battery cycles in each simulation, this energy is
compared to the battery's total energy capacity for the
charging and discharging phase. The value of the total
number of cycles is crucial in determining the battery's
cost and remaining life [19], [20].

IV. CONCEPTION OF TYPE-2 FUzzY LOGIC SYSTEMS

A. Type 2 Fuzzy Logic Structure

The popularity of Type 1 FLSs prompted the creation
of Type 2 FLSs based on FSs. The same fundamental
elements that make up a Type 1 FLS also exist in a Type 2
FLS: a Fuzzifier, a Rule-Base, an Inference Engine, and
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In contrast to Type 1 FLS, which restart the
defuzzification process in the last step, the Output
Processor adds a step in the Type 2 scenario such that a
Type 2 FS is first converted into a comparable Type 1 FS
[21]. This strategy is put into practice using the type
reduction (TR) technique, which will be covered later in
this work. The interdependence of the aforementioned
blocks is shown in Figure 5.

___________________________
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Figure 5. Topology of Type 2 Fuzzy Logic algorithm

B. Rule Establishment of Type 2 Fuzzy Control Energy
Management Strategy

The dual-input single-output sugeno fuzzy inference
model is used by the T2-FL in this work to implement
fuzzy control in a power management system. This fuzzy
approach is more adaptable for systems with
nonlinearities, time-varying processes, hysteresis, and
other complex processes [5] because it does not necessitate
a precise mathematical representation of the managed
system. The state of charge SOCg, of the battery pack and
the required energy of the engine P g4 are the fuzzy
controller's inputs, and the output power of the fuel cell
PFC is its output.

The fuzzy logic of the power hybrid source built in this
study is as follows and is based on the Sugeno fuzzy
controller. For ease of control during the driving cycle, all
input and output membership functions were of the
trapezoidal and triangular types. It is important to
guarantee the vehicle's power requirements during the
entire driving operation. The working range of the hybrid
multi-source should be optimized by this energy
management system in order to increase the powertrain's
efficiency and, consequently, the economy [22].

In order to fully use the energy stored and absorbed by
the battery to increase its lifespan, the battery pack's
SOCg, should be kept close to the predicted value. The
output power of the fuel cell should be decreased when
SOCgq is large and Py is low, and raised when SOCg is
small and P,y is high. The fuzzy controller rules
developed using the aforementioned ideas, as well as
literature and experience, are shown in Table 1 [23]. As
the approach for clarification, the area center equivalent
effect is used in Figure 6, which shows the three-

dimensional relationship between the input and output for
this energy management system.

The power distribution between the fuel cell and the
battery can be realized using the existing fuzzy control
energy management approach. The designed non-
uniformly distributed membership functions are depicted
in Figures 7 and 8 respectively, taking into account the
actual meaning of each input P yq , SOCgy, and output
PFC.

The following equation specifies the variation interval
of the input and output quantities:

SOC,, €[0.1]
PLos €[-3,10] (15)
Pec 6[0,10]

P
.
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-
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Rule Editor
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Pload

Figure 6. Final structure of fuzzy power management system
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Figure 8. Input's membership function SOCpgy

The T2-FLC had two inputs, power demand and
SOCgy, and one FC power fraction output [24]. The user
mental object is inputted within the sort of a group of
rules. A rule-base is employed to tell the FLC what the
output should be reckoning on a group of input conditions.
All rules employed in the system are often seen in Table 1.
The following examples are accustomed explain how
fuzzy rules is defined using the linguistic labels in Tables
1.

If SOCg,y is High and P g is Low then PFC is
Medium:

— More power than necessary is provided by the fuel
cell technology.

— The storage system is relatively overloaded and can
also provide additional energy to meet the total demand.

If SOCg, is Very Low and Py is Average then PFC
is High:

— The current values of the input and output quantities
comply with the current, torque and speed limits and
references.

— Then, it is necessary to ensure more energy utilizing
the fuel cell to provide the motor and these accessories as
well as the charging of the battery at the same time.

TABLE I. RULES FOR THE PROJECTED ELECTRIC VEHICLE’S TYPE
2 Fuzzy MANAGEMENT
SOChgat

Prc VL | L M H VH
VL M M L L VL

L H H M M L

PLoad A H H H M L

H VH VH H H M

VH | VH VH H H H

C. Structure for simulation Blocks

While the vehicle is in motion, the fuel cell and the
batteries provide different types of energy according to
different control strategies. The battery can supply the
torque demanded by the engine at start-up and this helps
the fuel cell which takes a while to get ready [25]. The
motor may need a relatively large instantaneous power in
some cases such as the parking position of the vehicle
uphill and for other reasons.

Figure 9 displays the algorithm that is integrated into
the simulation model, is composed of the power limitation
rule but also of all the securities. As long as the batteries
have not reached a minimum discharge or maximum
charging voltage limit, then the battery current will be
limited between O A and the limiting value. Both
autonomous charging and electric braking are used to
recharge the batteries [26].

The sub-blocks used in the main management block
are illustrated in Figure 10, these are the measurement,
supervision and battery energy management block. The
power management approach's major purpose is to

monitor battery power generation and keep battery SOC
between the minimum and most values to make sure
improved charging potency.

This technology limits the fuel cell's output power
within a specific range and adjusts the output power to
meet the engine power demand in order to reduce power
consumption [27]. The fuel cell decides whether to turn on
or off based on the battery's state of charge and the power
required by the load, allowing the battery to operate at
peak efficiency for a prolonged period of time.

The examined system also includes numerous control
loops based on a straightforward traditional Pl regulator,
such as the motor current limiting loop, the created torque,
and currents delivered by the sources, in addition to our
management method.

Pedal position>
D
e
Power energy m
management o -(%’
D @
Fuel cell & <
HRE:
gl |2
Ref torque Ref torqug
Dynamics
Power converters Fuel cell \)//ehicle
and motor
el
ry

Figure 9. Schematic of global hybrid power management system

D. Power Management

With the event of large-scale hybrid electrical vehicles,
energy management systems area unit thought-about to be
the best artificial algorithms ever developed. The
management systems embrace measuring instrumentation,
acquisitions and paired computers associate degreed area
unit supported by advanced management technology to
make an intelligent autonomous system [28].

To meet high performance necessities all told aspects,
energy management is of nice importance within the
intelligent vehicle. On the one hand, with the increasing
penetration level of electrical vehicles, the dispatchable
energy consumption are going to be comparatively less as
a result of the introduction of renewable energy has the
characteristics of high uncertainty and intermittence [29],
[30].

In order to realize the time period supply-demand
balance between the on the market power and therefore the
demanded power of a vehicle, effective methods for
programming the energy generated should be designed to
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permit the combination of the energy resources place in
situ [31]. On the opposite hand, versatile and manageable
masses will act with the electrical vehicle through the
intelligent system that is a crucial link to confirm time
period balance [32]. Energy management within the
intelligent vehicle consists of optimizing the potency of
energy use by coordinating the assorted manageable units
of the electrical vehicle through economical
communication computer code and advanced management
techniques to confirm the safe, stable, reliable and
economical operation of the total electrical vehicle [33].
The flow chart of the management logic for power
management is shown in Figure 11. Some logic threshold
constraints mix with AN T2-FLC during this flow chart,
forming AN integrated management strategy to see the
mode switch between the battery and therefore the cell
[34].

v L
Bat Battery Batterylimit
management
SOC system —-—>
——Bat Y Battery power
(@
Recharge battery
— Reference
Batterylimit motor torque
Drive torque . I
—> Data capturing
Drive power >
+—r
Motor speed Reference fuel
Fuelcell ] cellcurrent
) (b)
P e Reference power
p Power management battelx
—ECumes | g
Batterylimi t
system
—_—>
Battery
recharge ©

Figure 10. Schematic of global hybrid power management
system, (a) battery management, (b) Data capturing, (c) power
management

V. TYPE2Fuzzy LoGIC POWER MANAGEMENT
STRATEGY

An energy management approach is necessary to
maximize the energy efficiency of the powertrain
components while retaining a suitable quantity of energy
in the storage devices. The only way to effectively reduce
energy usage without sacrificing vehicle performance is to
put in place an efficient control technique [35]-[37].

The system employed in this investigation is shown in
Figure 1. There are two energy sources in this system: a
primary source (the fuel cell) and a secondary source (the
battery). In conclusion, improved energy allocation
between the vehicle's engine and auxiliary services during
operation and, on the other hand, not neglecting the

battery's level of charge, are the first steps in achieving
optimal energy management [38].

In this article, five vehicle operating modes havebeen
adopted in accordance with the selected hybrid
configuration.

Mode 1: during this mode, the motor operates at full
power during acceleration or uphill driving since the
demand for energy is highest, both switches T1 and T2 is
turned OFF. The body diode of upper switch T1 starts
conducting as shown in Figure 12. In this situation, both
the battery and the fuel cell supply energy to the motor. It
should be noted that this mode requires a fully charged
battery and a full hydrogen tank [39]. This scenario,
according to the following equation, can also help power
the motor:

Pl =Poa +Prc (16)

The following equations represent the relationship
between the current voltage magnitudes of the mesh of the
buck boost circuit for the bidirectional buck boost
converter:

Vo _ Toa 17)
dt C,,

Vg _ Ve Ve, (18)
dt RBaICbus RBathus Cbus

Mode 2: medium speed, in this case the fuel cell has
two roles depending on the power required. The first role
ensures the distribution of energy to the motor and the
second role is to charge the battery if the latter is less than
25% [40].

Pee = Ploa Pea (19)

The figure 13 illustrates the mode (2) of power
generation, based on the before-mentioned equations.

Mode 3: low power generation mode shown in Figure
14, at this point the battery is the storage device
responsible for feeding the motor with energy [41].

The SOCg, of the battery must be greater than 85% in
order to ensure the traction energy as well as the energy of
the auxiliary services of the vehicle. The motor receives
the converter output voltage. As this converter runs in
boost mode, it has the ability to raise the battery voltage to
drive the motor ahead.
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Pl =Poa (20)

Mode 4: the regenerative braking illustrated in Figure
15, the battery absorb the energy coming from the motor,
which works in this case as a generator [42]. We can write:

Ploas = Pea (21)

According to Figure 14, the two diodes are reverse
biased and the upper switch T1 is turned ON while the
bottom switch T2 is turned OFF. The converter operates in
buck mode during this period. The equations that describe
how the energy-recovering brake mode operates are as
follows:

dl
LBat % =V Bat +V dc (22)

dVdc _ VBaI _ Vdc

|
_ _ LBaI (23)
dt RBaIC Bat RBatCBat CBai

Mode 5: this mode corresponds to the shutdown of the
system where the two hybrid sources are available for the
maintenance check and for regeneration. The battery can
be connected to an energy charger and even to other

operating modes such as V2G mode (vehicle to grid)
where the battery can play a dual role by charging and
discharging operation. While the fuel cell can get its
regeneration by charging the tank with hydrogen [43],
while:

Py =0 (24)

Figure 16 shows the power management strategy used
in mode (5).

Yes

Figure 11. The procedure flowchart of T2-FLC
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Figure 12. The power management approacr u(ul)ued to provide the electric car is in Mode 1
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Figure 13. The second mode of the power management system was employed to supply the electric car at a medium pace
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Figure 14. The electric vehicle's power management technique is in low mode
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Figure 16. Modes (5) of the power management strategy used for fed the electric vehicle
the input sources, management can be utilized to
VI.  SIMULATION RESULTS AND DISCUSSION

The suggested model has been validated under various
operating scenarios pertaining to the vehicle's state and the
hybrid system's characteristics. Tools from
MATLAB/Simulink were used to simulate the EV model.
As a result, this part provides and examines the results
obtained utilizing the suggested models. It focuses on the
efficiency of power control and system management, as
well as the speed of the electric vehicle. Table 2
summarizes the motor, fuel cell, and battery specifications.

For the control method shown in Figure 17.a, the DC
link voltage is maintained at about 240 volts. Energy
management in hybrid vehicles must employ a multi-
scheme operation because each technique is chosen based
on crucial variables. For example, based on the real life of

maximize the life of the source or lower the duty cycle of
the battery and the battery. Furthermore, the management
algorithm is dimensioned and validated on various driving
cycles. In Figure 17.b, the DC bus current is depicted. By
comparing how the bus current reacts to the motor's
instantaneous power, we can see that current behaves
similarly to power.

The electromagnetic torque generated by the motor is
shown in Figure 18.b. The same figure also shows the
motor's rotational speed. The motor speed is shown in
Figure 18.c during a variety of driving cycles. This cycle
represents a typical urban automobile drive. In order to
observe how the hybrid sources respond to these speed
changes, this driving cycle takes into account the speed of
acceleration, deceleration, braking, and pausing. Figure 19
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shows that the battery's state of charge is still clearly
within the range that is thought to represent excellent
performance. The battery and fuel cell voltage at the
voltage regulators' output is shown in Figure 20 (a) and
(b).

No matter how the load changes, these voltages don't
change. This voltage is anchored directly to the DC bus, as
you may remember. When braking, the increase in
recuperation energy quickly becomes challenging to
control, and the battery voltage goes above the preset
limitations. It is important to take recovery energy limits
into account to prevent battery overcharging. Figure 21
depicts the reference power, which consists of the electric
traction motor's power as well as the power of all the
vehicle's auxiliary devices, battery power, and fuel cell
power output. This figure shows how the car brakes when
the load is negative, even though the fuel cell PFC's output
power cannot be negative. The power for the load is

provided by a hybrid energy source (FC/Battery). As
would be expected, the battery is the first component to
respond to a reference change. In the presence of slight
speed variations, battery power output remains at low
levels. The contribution of the fuel cell is more needed
during acceleration or braking. The frequency of the fuel
cell is extremely low. In order to charge the storage system
and ensure driving in the event of a significant power
demand, the fuel cell raises its output at the conclusion of
the cycle while the vehicle is stationary. The energy
management system's contribution to the power balance is
depicted in the same figure. Even if the reference and
delivered power have a control delay. The simplicity of
design and ease of application for real-time execution are
advantages of these algorithms. The acquired findings
show the effectiveness of the algorithms employed to
solve these types of situations.
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Figure 17. Characteristics of DC bus, (a) voltage, (b) current
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Figure 19. Battery status of charge response
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Figure 20. Electrical characteristics of hybrid sources, (a) fuel cell current, (b) battery current, (c) fuel cell voltage, (d) battery voltage
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Figure 21. Fuel cell and battery power delivering the requested load

VII. CONCLUSION

This study focused on creating a type 2 fuzzy logic
controller-based intelligent power management system for
a fuel cell and battery-powered hybrid electric car. Due to
its connection to language variables, T2-FLC avoids the
need for mathematical models and is simple for consumers
to understand. Additionally, it is simple to deploy in real-
time on a test platform for experimental electric vehicles.

Because the battery can be continuously charged
during driving cycles or in the event of electric braking,
the FLC strategy is used to organize the operation of
energy sources according to demand. The battery can
provide enough power for the motor during start-up, and
the fuel cell comes into operation and charges the battery
after a brief delay. It can serve as a primary source to meet
energy needs and it can recharge batteries, which are
regarded as secondary sources.

The designed power management system's primary
goal is to limit SOCBat fluctuation in order to lengthen
battery life and lower component power losses. The power
controller makes sure that the brake and accelerator pedal
inputs from the driver are consistently satisfied, that the
battery is sufficiently charged throughout driving cycles,
and that the hybrid vehicle's fuel usage is maximized.

The energy management tactics of hybrid fuel cell and
battery vehicles are better suited to the T2-FLC
methodology. The simulation findings are good, and the
suggested technique can be utilized on a real-world model
and as a guide for similar research. The work carried out in
this article opens up new avenues for future work which
concern various strategies for real-time a reinforcement
learning algorithm that selects adequate actions on vehicle

parameters in real time to optimize both driving and
comfort.

VIIl. FUTURE WORK

In future works, can possibly add the supercapacitor in
energy storage system to get better results, especially in
terms of efficiency and performance.

Besides, can add other parameters as: state of charge of
supercapacitor in to power management system for better
results.
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APPENDIX
TABLE II. PARAMETERS OF BATTERY BACK, FUEL CELL AND
ELECTRIC MOTOR
Parameters | Symbol | Values
Battery
Battery voltage Viat 216 V
Rated capacity Q 150 Ah
Rated power Phat 50 kW
Fuel cell
Type | PEMFC [ —
Electric motor
Motor PMSM | -
Pole pairs Py 4
Resistance of stator Rs 0.0083 Q
Flux linkage % 0.0711 Wb
d axis inductance Ly 0.000174 H
q axis inductance Ly 0.000292 H
Inertia moment J 0.003 kg.m’
Viscous friction f 0.0002 N.m.s>
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