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Abstract— Electric vehicles with excellent sources of energy will
proliferate in the near future. An overview of hybrid electric
vehicles (HEVS) is covered in this review article, with afocus on
battery cell technologies, topological HESS configurations, and
control algorithms. The main objective is to improve the
effectiveness and efficiency of the battery system under safe
working conditions. A study found that some researchers have
improved driving cycles, range, and vehicle efficiency using
battery-UC HESS. The use of a second storage system has been
found to increase the main storage system's lifespan (battery).
Ultra-capacitors' quick charging and discharging capabilities
made it feasible to store the regenerative braking capacity in the
right way. The development of superior optimization techniques
will lead to improved energy management within the HESS.
Using a variety of modular hybrid battery managers, the HESS
design links the different battery chemistries (HBMs). Power-
mix algorithm for dual-chemistry HESS is one of this work's
most important advances. These goals can be accomplished
through a variety of means, some of which include the hybrid
predictive power optimisation (PPO) control approach, the
adaptable FLC plan of action, the grey wolf optimisation
methodology, and the pontryagin's minimal principle.

Keywords — HEV, HESS, Predictive Power Optimization (PPO),
FLC, Energy storage, HBM, Grey Wolf Optimization,
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. INTRODUCTION

The problems associated with the energy crisis and
environmental contamination have become much more severe
in the twenty-first century [1]. Climate change and global
warming are what pose the biggest danger to the environment.
The use of fossil fuels as a source of energy has led to a rapid
rise in greenhouse gases (GHG) and a rapid depletion of
natural resources. The excessive use of fossil fuels has
irrevocably harmed the ecosystem. The energy sector is one
of the main drivers of the rise in greenhouse emissions. Due to
greater environmental awareness and stricter emission laws,
environmentally friendly electricity generation has become
more essentiallt is absolutely necessary to make the switch to
energy sources that are greener and more sustainable. [2].

The basis for electrifying cars is the development of energy
storage technologies. The lithium-ion battery is significant
energy storage devices right now [3]. An apparatus that
transforms molecular energy into electrical energy is a battery.
The creation of Lithium ion batteries, each with a distinct
chemical composition, was motivated by
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various factors. LFP, NMC,LTO and others are a few of
numerous Li-ion battery varieties used in the evs [4].

Il. TYPES OF CONTROL ALGORITHMS

A. Basic of hybrid energy storage system:

While control procedures are being developed, adepiction
of two distinct battery packs in the form of a schematic
showing how they will be connected in parallel by way of a
DC-DC converter. For example, if we examine any two
distinct battery packs to be Li iron Phosphate and Li nickel
manganese cobalt oxide, we can see that there are significant
differences between the two., and In order to hybridise, it's
necessary to find an acceptable compromise between all of
the characteristics; for example, "LFP" and "NMC." [5].
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Fig 1.1 Schematic diagram of HESS
B. Control strategies :
Currently, strategies based on optimization have been

researched to handle complex management objectives, such as
lifetime and cost-effectiveness. These techniques are built on
improving performance and reducing cost function [6].

I1l. ENERGY MANAGEMENT STRATEGIES

In the papers [7], numerous EMSs for FC-based hybrid energy
systems have been described. These techniques can be broken
down into four distinct categories: rule-based, control-based,
filter-based, and optimization-based strategies respectively. [8].

A Pontryagin’s minimum principle

This regulating technique is the utmost fit for handling a
vehicle's energy because of the EMS-base Pontryagin's
minimal principle capabilities. It also gives the finest
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circumstances for promptly addressing issues, which makes
it the best choice overall. This strategy aims to maximise the
number of battery cycles while simultaneously minimising
the amount of energy used. Control Utilising Adaptive and
Fuzzy Logic.

Adaptive fuzzy energy management algorithms have been put
into action in order to analyse the power separation that
occurs between the Supercapacitor, the Fuel Cell, and the
battery unit. As a result of the complexities of the hands-on
controller issues, a fuzzy controller is required. [9-10].

Enerey
Munagement
Strategies
I 1
Rule Based Optimization
Methads Methods
Fuzzy Ruke .
Hused Dete rmminist i Real Tinw Globail
Appronch Approsch Optimization Optimiration
: e L ur
Conventionnl Ihermostat | [T Minimization P rogmmming
Adaptive Electrical - Neural Ly vynamic
Assist Network Progeamming
Predictive Particle Stoehustie
- Swarm Y € rol
Optimization Stentegy
ol Model
Predictive
Pontragin's
] Minimwn
Principhe

Fig. 2 Classification of EMS [9]

The evolution of the EMS is based on the consideration
of these three factors.

(1) Operating cycle's energy requirement should
always being met. Although its propulsion system and the
operating environment may vary, electric vehicles must be
prepared to function like conventional vehicles. As a
consequence, it will always be crucial to show a pattern of
operating circumstances in simulations and the real
experiment.

(2) Operating conditions have a considerable impact Th
on the battery in terms of how long it will last, how
efficiently it will perform, how healthy it will be overall,

(3) Itisimportant to keep in mind that the primary source
of power for the EV must come from the batteries. Because of
the nature of batteries, the whole amount of power essential
to energising the entirety of the drive cycle must originate from
batteries; any more power must originate from either super-
capacitors, fuel cells, or both. Batteries are the only acceptable
source of power. [11-13].

B. Grey Wolf Optimization Technique

Based on Gray Wolf Optimizer, an energy management
approach is created for a fuel cell and super-capacitor hybrid
energy storage system. The algorithm resembles qualities that
are similar to the behavior of the grey wolf, from which it
derives its name.
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Fig. 3 Grey Wolf Optimization algorithm [12]

In this investigation, the Grey Wolf Optimizer algorithm was
put through its paces by utilising a multi-sources, single-area
power network that included hydro power plants, gas turbine
power plants, and reheat thermal power plants, all of which were
outfitted with mechanical hydraulic regulators. This network
was used to test the algorithm's ability to optimise power
distribution across the network. The research was carried out
by utilising a power network that served only a single area. [14-
17]

C. EMS based Particle Swarm Optimisation (PSO)

A stretegy using meta-heuristic population-based approach
was chosen to tackle the problem. PSO, a well- known
population-based  optimization technique, was first
presented by Kennedy and Eberhart. The steps are given
below as:

Step 1: Initialization of variables like velocity, search region
boundaries, acceleration coefficients, iterations, and swarm size.
The placements of the particles are first established inside the
searching region in a completely randomized fashion..

Step 2: The objective function's value has been determined
at that particular time.

Step 3: The best position of the particle, referred to as pbest, and
the best position in the world, referred to as gbest, are both
determined in the third step.

Step 4: The speed and location of the swarm particle are
reformed in the fourth step of the process.

Step 5: The algorithm is complete once Step 5 has been
completed, when OF is minimal.
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Step 6: It is decided what desirable characteristics the

components should have.

| Specify the parameters for PSO ]

'

l Generate Initial Population l

l GEN=1

l Time domain silumation l

Flnd the fittness of each particle in current
population

Update the particle position and velocity
using equation 3& 4

Fig.4. Flowchart of PSO Algorithm [13]

IV. THE ARCHITECTURE OF HESS

The reaction time of the slow unit, which is longer than one
minute, needs to be synchronised with the reaction time of
the fast energy storage unit, which hasa response time of less
than one minute to increase income (or decrease total price)
from HESS. (reaction time less than one minute). An optimal
control approach has been developed for this purpose.[18-22]
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Fig. 5. The architecture of HESS [13].

A Control strategy for battery UC HESS

To enable precise control of power flow in both battery and
the super-capacitors, this architecture was selected. If the
motor is only being powered by the batteries, losses can be
minimized by connecting the batteries straight to the motor
inverter.

Considering the low voltage at which supercapacitors
discharge, they are not immediately connected in the
arrangement. [23-22].
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Fig.6. Flowchart of control strategy for a requested power PReq from the
energy storage system [14]

B. dynamic programming in hybrid energy storage

system
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Fig. 7. Flowchart of dynamic programming [14].

TABLE I. EVALUATION OF DIFFERENT EMS METHODS



Methods CoS CT ToS RoPK
FL X Small Global Yes
PSO X Medium Global X
PMP X Small Local Yes
GWO X Medium Global X
DP Yes Medium Global Yes
MPC X Small Global X
NN Yes Small Global Yes

Here terms are described as follows:

CoS Complexity of Structure
CT Computation Time
ToS Type of Solution
RoPK Requirement of the Prior Knowledge PSO
Particle Swarm Optimization
V. SUMMARY

This study educates us on a wide range of control strategies
applicable to a variety of models, as well as their significance
and possible future directions for research into control strategy.
When common and well-known driving patterns are considered,
an optimization technique has the potential to considerably
increase the lifespan of the hybrid's power storage device. They
aren't making any attempt to correct the sporadic working habits
that they have been observing. Although fuzzy-based methods
that are very effective for various drive cycles are available,
optimal control approaches typically have a significant impact
on better battery life. This is the case despite the fact that these
alternatives are available. In addition to this, the GWO in the
ESS that is integrated with the fuel cell helps to minimize the
fluctuations in current and provides protection against the
unstable state of charge that the battery may occasionally
assume. Both of these benefits come about as a result of the
combination of these two components.
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