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Abstract: Advancements in technology have prioritized renewable energy (RE) and reduced the negative environmental
impacts of transportation. This has stimulated the development of artificial intelligence (Al) techniques for efficient
public transportation systems. The main challenge in developing electric vehicles (EVs) is minimizing energy
consumption and charging time, and maximizing battery life compared to traditional transportation. An optimization of
the battery management system (BMS) is required to improve the performance, efficiency, and reliability of EVs. This
paper studies the comparative analysis of different optimization techniques for BMS in EVs. The comparative analysis
of optimization approaches is explored based on the appropriateness of simulation, real-time implementation,
computational complexity, and the capability of optimization. The combination of two techniques, such as, machine
learning and user-centric design, provides the best response for BMS in EVs. The hybrid technique accelerates the shift
to sustainable mobility solutions and enables the full potential of EVs in order to minimize their ecological impact. The
computational cost and uncertainty challenges for EVs can be minimized in further research.
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MPC Model Predictive Control
PCB Passive Cell Balancing

PLs Parking Lots

Pl Proportional Integral

PMS Power Management System
PSO Particle Swarm Optimization
RE Renewable Energy

RES Renewable Energy Source
R-KM Runge-Kutta Method

SDHO Smart Decision Hunting Optimization
SoC State of Charge

SoH State of Health

D (A) Temporal Difference

TES Thermal Energy Storage

1. INTRODUCTION

Conventional vehicles produce environmental pollution
due to fossil fuels such as diesel, petrol, etc. In recent
technology, EVs offer a valuable solution to reduce
environmental pollution and save fossil fuels in
transportation. Battery banks are used in EVs which are an
important part of them. It manages essential functions such as
State of Charge (SoC) estimation, thermal management and
cell balancing [1]. These functions are very important for the
long-term performance and durability of vehicles. Intelligent-
based control methods used for BMS in EVs which were
explored to address challenges and investigate further
opportunities [2]. In this regard, the intelligent control
method, as an interval type-2 FLC-based optimization
technique, controls energy management in plug-in hybrid
EVs. The impact of air conditioning frameworks under
altering environmental temperatures is discussed, and it
minimizes energy consumption, increases thermal safety, and
comfort [3].

The study of novel hybrid and co-estimation methods is
employed in order to calculate the State of Health (SoH) that
is useful in BMS for EV systems [4]. The digital twin model
is used for BMS based on historical data in order to diagnose
battery banks [5]. The BMS of EVs is responsible for
controlling the battery banks which produce a driver to
control the high performance of systems. It is the unit of
electronic control that supervises the battery system in the
EVs. Using BMS technology, it manages the SoH,
performance and safety of the battery setup [6].

The essential features of BMS are designed for EVs, such
as controlled voltage, current, and temperature to ensure the
safety of battery operation. It prevents battery damage from
overheating, overcharging, and over-discharging and also
helps extend battery life by balancing individual cells. The
main component of the battery relay is that it helps the SoH
and SoC of the EV. It is valuable for accurate range
estimation and optimal performance of EVs.

Fig. 1 illustrates the powertrain for the framework of the
EV battery. It is driven by a single source of energy, such as
a traction battery. The main motive of the battery is to have a
large capacity and maximum output power. The battery setup
of an EV has two operating modes (such as charging and
discharging modes). In discharging mode, it powers the
electric motor that converts the electrical energy into
mechanical energy. This mechanical energy drives the
rotational energy to the wheels of the EVs. Also, the battery
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setup provides power to other onboard systems such as air
conditioning, sensing, communication, and infotainment
facilities [7-9]. This power can be obtained from RE sources
using the Internet of Things (loT) based optimization
techniques [10]. In order to propose a new algorithm of Smart
Decision Hunting Optimization (SDHO) which is to optimize
the charging process for EVs. This technique produced the
optimum response as the best, fastest, and accurate charging
stations, and it also reduces waiting time and energy
consumption. The SDHO technique takes the average waiting
time and distance to charging stations. The main aim is to
minimize the factors and to provide the best possible
charging. The results of this technique show better
performance in terms of charging speed, waiting time, and
energy efficiency as compared to the specified existing
methods. This technique makes it a good solution for
enhancing the charging system for EVs [11]. A new Energy
Management Strategy (EMS) has been proposed which is to
improve the fuel efficiency of hybrid vehicles. This method
consists of computer vision and deep reinforcement learning
which helps to use its best power for learning about the EVs.
Using this method, the authors are tested based on four
different types of hybrid vehicles. It was found that it can
significantly improve fuel efficiency as compared to existing
control methods. This technique is faster and more reliable
than other deep learning-based strategies. It is clearly seen
that computer vision and deep learning can be valuable tools
for developing more efficient and sustainable hybrid vehicles
[12]. Fig. 1 represents the schematic diagram of the
optimization techniques for a BMS in an EV. In this
schematic diagram, each module is shown as a block, and
arrows indicate the information and control flow between
modules. In this research article, in order to compare the study
of various optimization techniques for BMS in EVs. It
emphasizes their consequence of obtaining optimal
performance of the battery and improving the global driving
experience. The following points are highlighted in favour of
optimization techniques for BMS in EVs.

e Tocompare various optimization techniques for BMS
in EVs in terms of appropriateness of simulation and
real-time implementation.

e Toachieve effective power delivery and accurate SoC
estimation, controlled in order to achieve a longer
driving range per charge.

e To support cell balancing and thermal management
techniques to reduce degradation factors and extend
battery lifespan.

e To actual monitoring and control to prevent over-
charging, over-discharging and overheating of the
battery during operation of EVs.

The manuscript is structured as follows: Section 2
provides an overview of various optimization techniques used
for BMS in EVs. Section 3 discusses the comparative analysis
of optimization techniques for BMS in EVs. Section 4
explains the future scopes of the study, and finally,
conclusions are presented in Section 5.



M.j. Khan et al.

Journal of Applied Research in Electrical Engineering, Vol. 4, No. 1, pp. 122-136, 2025

Wheel
Acceleration | Electronics Mechanical
“| Control Unit Drive
N\
Air Conditioning,
Battery > Sensing,
3 Communication on | Wheel
Board Infotainment
A etc.
BMS using various
> Optimization Techniques

Fig. 1: Schematic diagram of the optimization techniques for a BMS in an EV.

2. OVERVIEW OF OPTIMIZATION TECHNIQUES FOR BMS
IN EV

The flowchart illustrates the flow of information and
control within the BMS of the EVs which highlights the
interaction between input signals, state estimation,
optimization techniques, decision-making, and output
commands [13]. The optimization techniques used by the
BMS can effectively manage the operation of the battery
pack, optimize energy utilization and ensure the safe and
reliable performance of the EVs [14]. Fig. 2 shows the
flowchart of optimization techniques in terms of various
modules for BMS in EVs.

The following steps are described in various modules.
The input module receives input signals (such as voltage,
current, temperature, and SoC of battery banks) from various
sensors which are installed within the EVs.

In the state estimation module, this module utilizes
received input signals which is to estimate the current of SoC,
SoH and other relevant parameters of the battery pack using
mathematical models. The control module implements
optimization techniques to manage the operation of the
battery banks. This module governs charging and discharging
processes, cell balancing, thermal management and other
control techniques which maximize the performance and
lifespan of battery banks. The optimization technique module
is a module that contains different optimization techniques
such as rule-based algorithms, model predictive control, GA,
PSO, ANN, FLC, etc. Each technique is tailored to specific
optimization objectives and constraints such as energy
efficiency, thermal safety, and battery longevity. The
decision-making module analyzes data from the state
estimation module and optimization technique to make
informed decisions regarding battery operation. This module
determines the optimal charging and discharging rates,
temperature limits, and other control parameters based on
predefined rules, optimization algorithms and user-defined
preferences. The output module is used to send the control
signals and feedback to the BMS and also other vehicle
subsystems, which are to execute the determined control
techniques. This module can be used for the proper
implementation in favour of optimization methods and the
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Fig. 2: Flowchart of various modules for optimization
techniques.

control decision module is used to maintain the health and
performance of battery banks.

Fig. 3 illustrates the flowchart of the novel SDHO
optimization technique for the BMS in the EVs [11]. This
proposed method explores the search space to investigate
promising regions. It targets decontaminating solutions
within specific regions. This method also maintains a balance
between exploration and exploitation which is to avoid
getting stuck in local optima.

The focus of researchers is optimizing energy
management, improving efficiency and reducing operational
costs of hybrid EVs. To minimize energy losses and produce
a stable power supply using the concept of RE sources which
are integrated with vehicle-to-grid technology. A machine
learning approach is specifically TD (L) learning that is used
to determine the optimal charging and discharging
technologies for hybrid EVs. This assists in extending battery
life and reduces the necessity of frequent replacements. The
results demonstrate that the proposed optimization method
can significantly reduce operational costs and extend battery
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Fig. 3: Flowchart of novel SDHO optimization techniques.

life. Using optimizing energy management-based technique
that the hybrid vehicle can operate more efficiently which
leads to lower fuel consumption and lower emissions [15].

Elkholy et al. [16] proposed a three-level Al-based EMS
for isolated microgrids. It consists of three phases. The first
phase represents a field-programmable gate array (FPGA)
used for fast response. The second phase represents a Multi-
objective Snake Optimization (MOSO) technique employed
to reduce operational costs, energy losses and reliability of
power supply. In the third phase, the hybrid optimization
technique consists of a multilayer feed-forward neural
network (MF-FNN) and MOSO which is used to predict the
output response of the battery for EVs. The proposed MF-
FNN-MOSO technique improves the efficiency and
reliability of the microgrid which achieves the best
performance in predicting the output power of battery backup
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and reducing operational costs. EVs are frequently increasing
in the market to reduce environmental impact. Though
the charging process of EVs can put a strain on the power
grid. One solution is to aggregate EVs in parking lots (PLs)
and manage their charging collectively. Proposed
optimization model for smart PLs to minimize power drawn
from the grid while meeting customer needs. The model
considers both single and 3-phase EVs and uses a non-linear
battery charging profile. An augmented Lagrangian-based
decentralized model predictive control technique is used to
solve the optimization problem. The proposed method has
been tested on smart PLs in Genova, Italy, and is efficient and
accurate, even when scaling up to 40 EVs [17]. The predictive
flex smoother method is proposed by Benavides et al. [18].
This method mitigates power fluctuations in the grid-
connected PV framework, although it optimizes energy
management in EV charging stations. The proposed method
effectively improves power quality and reduces costs. Real-
time testing has shown response times under 500 ms. The
method efficiently handles power smoothing and charging
strategies for diverse EV models and connection coefficients.
Researchers proposed an energy management system for
residential buildings that optimizes energy flow, energy
storage systems (ESS) parameters and energy consumption
scheduling in order to minimize costs, extend ESS lifespan
and reduce CO; emissions. The system integrates Renewable
Energy Sources (RES), ESSs, and EVs, and utilizes demand
response (DR) programs to optimize energy usage. The
optimization technique considers factors like installation
costs, levelized cost of storage (LCOS), seasonal variations,
energy consumption profiles, and energy prices. The results
demonstrate significant cost reductions, energy loss
reductions and extended EV battery life, leading to
substantial financial savings and environmental benefits [19].
Fig. 4 shows the energy flow management algorithm for EVs.

The fitness function of the GA is determined as the
inverse of the total distance + waiting time penalties and
exceeding distance penalties [20].

Formulation of the fitness function

F=1 (1)
f=w leg=1 d;i +w, Zg=1 q; + w3P (2)

where d; represents the distance travelled between
consecutive stopes on the route, and q; represents the waiting
time at the charging station at i. P represents the exceeded
distance penalty, and wi, wo, and ws represent the weight
factors.

_ (actual queue time
- {average queue time

if station is in the cluster

i otherwise

In the other way, the droop control technique is a way of
control the output power of generator in a power system. It is
used to maintain the balance of power between generators
when availability of parallel connections of multiple
generators. The basic equation for a droop control system is
as presented in (3).

F,

Genoutput power = Pyro X (1 + Droop,) X (ﬁ) (3)
where, Ppo= base output power (rated power output of the
generator at a reference frequency (Fr=50Hz), Fq=frequency
deviation, Fpq= frequency deviation at base power and Droop;

is the percentage power drop per unit of Fy form F,[21].
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Fig. 4: Flowchart of energy flow management algorithm.

including RES available, EV battery state, load demand and

Fig. 5 represents the flowchart of a basic integration of optimization of energy flow [22].

RES and EVs using FLV and GA. It considers factors
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Fig. 5: Flowchart of a basic integration of RES and EVs using FLC and GA.

. . inclusive analysis of hybrid EV (HEV) components including
maxi'?ﬁj.me fvﬁ)/gisi?ct)smthseclegozvv(i:tmartt)rl?:hItgses %(ga((:gol_rg)g;‘ their construction, mathematical models and methodologies
np . S [1]. Kandil et al. [24] examined optimization approaches for
moto_r-drlven EVs-based Harris Hawks optimization (HHO) fast charging stations' allocation and size. An in-depth
alg_orlthm. HHO offers MPPT for so_Iar PV—pO\_Nered EVS. examination and critique of the placement of EV charging
This proposed MPPT approach outlined that it enhances stations within distribution networks [25]
overall efficiency and reduces operational costs for EVs using '
the PV framework [23]. Authors have investigated the
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Fig. 6: Flowchart of Extraction of maximum power from
solar with BLDC motor driven EVs based HHO algorithm.

The pinch analysis-based optimization technique is a
systematic procedure for finding simultaneous sizes for
the EES and thermal energy storage (TES) framework to
yield suitable sizes for fuel cells, battery radiators, and TES
materials [26]. Energy hubs (EHSs) are vital for sustainable
energy. This emphasizes a residential EH that effectively
harnesses different energy sources and technologies to meet
domestic needs. The main aim is to develop an efficient heat
and power management system (PMS) that minimizes
operational costs. Data-driven techniques and advanced
forecasting methodologies are used to enhance the efficiency
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of frameworks. The results show that these techniques can
significantly reduce power costs in the EH scheme [27].

The dynamic EV model is examined by using the 4t"-
order Runge-Kutta method (R-KM) to assess its performance
under different driving situations. The results indicate that the
dynamic EV model offers a structured approach to simulate
and optimize complex EV systems [28]. Manivannan [29]
proposed a machine-learning approach to create a smart
energy management framework for hybrid EVs with energy
storage as battery banks. This proposed framework can
optimize energy usage, reduce operational costs, and prevent
overloading the electrical grid.

This study implements an loT-based smart charging
framework in order to enable more precise control and also
improve the efficiency of the system. The main aim of the
proposed algorithm is to reduce power loss, voltage deviation
and charging station costs while maximizing traffic flow and
satisfying EV requirements. It focuses on the optimization of
the existing grid infrastructure to meet the requirements of
EV wusers, the transportation network and the energy
distribution network [30]. It was implemented in MATLAB
and compared to other existing methods. It produced better
performance in terms of accuracy and computational
efficiency. The proposed method had the lowest error (i.e. 4
mV) and the shortest computation time (i.e. 0.7 s) [31].

A new Proportional Integral (PI) and an ANN-based
controller are developed to manage Passive Cell Balancing
(PCB) technology for BMS in EV [32]. Machine learning-
based EV charging is implemented with an optimized flyback
converter for solar PV frameworks [33]. Optimization of EV
charging station placement using PSO in Smart Grids [34].
The proposed strategy for reducing power loss was tested on
Indian 28-bus and 108-bus distribution networks. The results
showed that the bald eagle search algorithm (BESA)-based
optimization method outperformed the bat algorithm (BA)
based method in terms of power loss reduction, voltage
improvement, and overall cost savings [35]. Elazaib et al. [36]
presented three novel smart home energy management
algorithms which are designed for developing countries.
These algorithms focus on load shifting, vehicle-to-home
energy transfer and reduced air conditioning, considering
factors like battery life, user comfort and local climate
conditions. This study also evaluates the economic feasibility
of integrating solar PV arrays. The proposed energy
management scheme can significantly reduce electricity bills
by up to 61%.

The authors compare four residential load scenarios to
assess the economic and environmental benefits of
integrating EVs into microgrids. A control technique is
introduced to optimize battery energy storage system (BESS)
charging and discharging based on time-of-use pricing and
EV power. Two optimisation algorithms are compared to
assess the effectiveness of the control technique. The results
demonstrate that controlled EV integration can reduce costs
by $0.728 million and CO, emissions by 213.23 kg.
Controlled BESS integration reduces costs by $0.835 million
and CO; emissions by 360.68 kg. The semi-isolated
microgrid configuration offers the lowest overall cost at
$1.421 million [37]. The primary objective is to minimize
energy and thermal discomfort costs over a long-term horizon
in a sustainable smart home while considering factors such as
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occupancy, temperature preferences, electricity consumption,
renewable energy generation, outdoor temperature, and
electricity prices [38]. Aoumari et al. [39] proposed an energy
management system that optimizes the performance of
onboard electrical sources by carefully selecting the sharing
filter cut-off frequency. This selection considers factors like
effective power, state of charge variation, and battery cycle
life. Simulations in MATLAB demonstrate the superiority of
the proposed system compared to conventional methods.
Koltsaklis et al. [40] proposed a smart home energy
management system that optimizes energy usage and
minimizes costs. The system considers factors like demand
response, renewable energy integration, and energy storage.
A hybrid forecasting model is used to predict energy prices
and renewable generation. The results show that the system
can effectively reduce energy costs and improve energy
efficiency. The proposed framework can help reduce the
strain on the power grid, especially in developing countries
[41]. The results illustrate that the proposed optimization
method is compared to other existing specified techniques. It
can be used to assess the reliability of electrical distribution
networks. This study concludes that integrating the approach
of distributed generation (DG) and EVs can enhance the
reliability of the electrical system [42].

Researchers have investigated the impact of energy
consumption budgets in various aspects of operational
vehicles, including fuel consumption, electric motor usage,
gear shifting strategy, and engine parameters like intake
manifold pressure, air-fuel ratio, and turbine waste-gate
position [43]. Ajayan et al. [44] proposed an optimized
method, which is used to determine the optimal size of fuel
cells and battery banks. PSO and the Firefly Algorithm (FA)
are used to calculate the optimal solution for BMS in EVs. In
this regard, various constraints are considered, such as the
battery's state of charge and the fuel cell's rating, while also
accounting for replacement costs. The results demonstrate
that the FA optimization algorithm provides better
performance in terms of cost reduction, population size and
convergence speed. An innovative approach to controlling the
charging and discharging processes in battery management
operations using a bidirectional converter [45].

Yamini et al. [46] compared the fuel consumption of a
hybrid vehicle under different driving cycles using the
Equivalent Consumption Minimization Strategy (ECMS).
The goal of this method is to determine the optimal strategy
in order to minimize fuel consumption and improve the
performance of the vehicle. The findings can contribute to the
development of sustainable hybrid EVs. Yammani et al. [47]
proposed optimizing EV charging and discharging to
maximize EV owner profits and support grid operations. This
technique considers factors such as energy prices, state of
charge of the battery, and RE availability. The results
illustrate the effectiveness of the proposed approach in
improving grid reliability and reducing costs. An economic
analysis is carried out on the PV framework under peak load
scenarios of the electric power distribution framework,
considering the impact of EVs [48]. To study presents a
reliability evaluation of power systems that incorporate
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pumped storage units. It developed a reliability model to
assess the impact of component failures on complete
framework adequacy [49]. This work focused on efficient
demand response and robust voltage control in an islanded
DC microgrid. The study addresses challenges arising from
alterations in both load and supply [50].

3. COMPARATIVE ANALYSIS OF OPTIMIZATION
TECHNIQUES FOR BMS IN EV

A comparative study of various optimization techniques
for BMS in EVs is an important endeavour, given the critical
role of BMS in terms of the safety and longevity of EV
batteries. Table 1 represents a concise analysis of
optimization techniques.

Researchers have investigated and analyzed various
optimization techniques for BMS in EVs. The literature
shows that there are several optimization techniques available
for BMS in EVs. Various optimization techniques are
investigated, and advised machine learning methods like
ANN are used instead of traditional rule-based algorithms.
The diverse range of techniques highlights the complexity of
the optimization difficulty and the necessity for customized
results for various application scenarios. When it comes to
optimization approaches, there is a trade-off between speed
and complexity. Rule-based algorithms are faster and can be
used in real-time applications. Still, improvement is required
for the adaptability and capabilities of proposed frameworks
such as predictive control models and ANN technologies.

Advanced optimization techniques like model predictive
control and GA have improved battery efficiency and lifespan
performance. Though, it often requires higher computational
costs, posing challenges for real-time implementation in
recent technology-based EVs. Many researchers have
explored hybrid technologies combining more than two
optimization techniques to reduce their limitations. For
example, a combination of two approaches of machine
learning models and rule-based algorithms can control the
simplicity of rules and the learning capabilities of ANN
simultaneously. The accuracy of battery banks is important
when using optimization techniques. In order to achieve
optimal performance of BMS, it is essential to ensure that the
battery setups are accurate using data-driven and parameter
estimation technologies.  Optimization techniques are
implemented in EV systems in the real world due to
challenges in achieving desirable results in theoretical studies
and simulations. Several factors including computational
complexity, robustness against uncertainty and scalability for
large-scale EVs, are addressed for practical deployment.

4. FUTURE DIRECTIONS

The optimization techniques are used for BMS in EVs
due to challenges in favour of enhancing the performance,
efficiency, and reliability of frameworks. There are some
important findings for future work.
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Table 1: Comparative analysis of optimization techniques for BMS in EVs.

Ref. Optimization System Converge- Computational SoC/ Real-time Benefits Research Gaps
Technique nce Speed cost SoH applicab-
accuracy ility
[51], Rule-Based Traditional Fast Very low Moderate Highly Simplicity  and Limited adaptability to
[52] Algorithm BMS to low suitable ease of dynamic operating
implementation. conditions.
Real-time Lack of optimization for
operation suitable long-term battery health.
for simple May not fully exploit the
applications. potential of advanced
battery chemistries.
[53], Model Advanced Moderate High Higher Challengi Optimization Computational
[54] Predictive BMS SoC ng for based on complexity and
Control estimatio  embedde predictive battery requirement of accurate
(MPC) n d BMS models. battery models.
accuracy  hardware Accommodates Limited scalability for
and dynamic large-scale EV fleets.
improvin operating Challenges in real-time
g long conditions  and implementation for
term constraints. highly dynamic
battery Improved energy environments.
health efficiency  and
managem battery lifespan.
ent
[55], GA Adaptive Moderate Computationall High Limited Exploration of a High computational
[56] BMS to Slow y intensive Realtime wide solution overhead, especially for
feasibilit space to find complex battery models.
y optimal Difficulty in fine-tuning
parameters. algorithm parameters for
Adaptability  to specific applications.
varying operating Limited transparency in
conditions  and the decision-making
battery process compared to
chemistries. rule-based approaches.
[57], PSO Adaptive Moderate High High Slow Efficient Sensitivity to initial
[58] BMS exploration of parameters and swarm
solution space size.
through  swarm Limited robustness in
intelligence. noisy  or  uncertain
Rapid environments.
convergence  to Challenges in balancing
near-optimal exploration and
solutions. exploitation for complex
Suitable for real- optimization problems.
time
implementation in
dynamic
environments.
[55], ANN Intelligent Moderate Moderate to High Feasible Adaptive learning Training data
[59], BMS to Slow high and ability to availability and
[60] capture complex representativeness.
nonlinear Interpretability and
relationships. explainability of model
Improved decisions.
accuracy in Computational overhead
prediction  and and hardware
control compared requirements for real-
to traditional time implementation.
methods.
[61] FLC Intelligent Fast to Moderate Low to High Linguistic  rule- Difficulty in defining
BMS Moderate moderate based approach fuzzy sets and
suitable for membership functions.
handling Limited scalability for
uncertainty  and complex systems and
imprecision. large-scale optimization.
Intuitive Challenges in integrating
modelling of fuzzy logic with other

human expertise
and decision-
making.

optimization techniques
for hybrid approaches.
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1. To explore the integration of advanced deep and
reinforcement learning for optimization of BMS in
EVs. This hybrid technique can improve accuracy and
optimize control in dynamic environments with
varying operating conditions.

2. To develop optimization algorithms and control
strategies with practical feasibility and scalability
which is suitable for real-time implementation in EVs.
It can be considered for hardware constraints including
processing power and memory.

3. The main objective is to improve the stability and
consistency of optimization techniques with
uncertainties including variable factors such as
characteristics of the battery, and environmental
conditions. It produces robust optimization, uncertain
quantification and adaptive control in order to improve
the dependability of the proposed system.

4. To investigate the hybrid optimization approaches of
model predictive control with evolutionary algorithms
and FLC with ANN. Additionally. It can consider
multi-objective optimization frameworks in order to
optimize conflicting objectives including energy
efficiency, battery lifespan and thermal management.

5. To propose the optimization technique based on large-
scale datasets and data-driven approaches is used to
optimize battery models.

6. To develop robust validation and benchmarking of
optimization  algorithms, it will conduct
comprehensive simulation and hardware
implementation in the laboratory.

7. To maximize the global performance and efficiency of
large-scale EV systems, it is important to consider
scalability issues in BMS optimization. To investigate
distributed optimization algorithms and decentralized
control strategies for improving the results of proposed
systems.

8. To improve the user experience and the adoption of
EVs, that is crucial to integrate user preferences and
driving behavior for BMS optimization. This can be
achieved by designing intuitive interfaces and
decision-support systems that offer users transparency,
control and real-time response in BMS operation and
battery performance.

5. CONCLUSION

The various optimization techniques are studied for BMS
in EVs. A hybrid optimization technique is suggested to the
authors to improve the response of BMS functions in EVs. It
likely involves techniques that extend battery life, improve
safety and increase efficiency. This study has explored
various optimization approaches for BMS characteristics. To
enhance the accuracy of SoC estimation in BMS, coulomb
counting and Kalman filter techniques utilize data from
current, voltage, and temperature. The GA and PSO
algorithms help to maintain uniform voltage across all cells
in the battery pack which extends battery life. Optimization
techniques can be applied to control battery temperature
through cooling systems, maximizing battery health and
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performance. It plays a crucial role in accurately estimating
the SoC of an EV battery and efficiently delivering power to
optimize energy usage. These methods result in a greater
driving range on a single charge. Cell balancing and thermal
management techniques minimize battery wear and prolong
its life. Monitoring systems safeguard against overcharging,
over-discharging, and overheating, ensuring the safe use of
EVs.

Further research can explore the integration of advanced
algorithms such as machine learning for real-time
optimization and predictive maintenance of EV batteries.
This advancement can lead to EVs that are more efficient,
reliable and safe.

CREDIT AUTHORSHIP CONTRIBUTION STATEMENT

Mohammad Junaid Khan: Conceptualization, Data
curation, Formal analysis, Investigation, Methodology,
Resources, Software, Supervision, Validation, Visualization,
Writing — original draft, Writing — review & editing. Ram
Murat Singh: Conceptualization, Investigation,
Methodology, Supervision, Visualization, Writing — original
draft, Writing — review & editing. Md Naqui Akhtar:
Investigation, Methodology, Resources, Visualization,
Writing — original draft, Writing — review & editing. Asyraf
Afthanorhan: Formal analysis, Investigation, Methodology,
Resources, Visualization, Writing — original draft, Writing —
review & editing.

DECLARATION OF COMPETING INTEREST

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper. The
ethical issues; including plagiarism, informed consent,
misconduct, data fabrication and/or falsification, double
publication and/or submission, redundancy has been
completely observed by the authors.

REFERENCES

Z. Ahmad, M. J. Khan, and M. N. Akhtar, “A critical
review of hybrid electric vehicles,” Journal of
Advanced Research in Applied Sciences and
Engineering Technology, vol. 29, no. 1, pp. 283-294,
Jan. 2023.

[

[2] M. S. H. Lipu et al., “Intelligent algorithms and
control strategies for battery management system in
electric vehicles: Progress, challenges and future
outlook,” J Clean Prod, vol. 292, Art. no. 126044,

2021.

C. Yang, X. Wang, J. Zhao, and L. He, “Optimization
of the energy management system in hybrid electric
vehicles considering cabin temperature,” Appl.
Therm. Eng,, vol. 242, Art. no. 122504, 2024.

(3]

[4]

T. Alsuwian et al., “A review of expert hybrid and co-
estimation techniques for SOH and RUL estimation


https://doi.org/10.37934/araset.29.1.283294
https://doi.org/10.37934/araset.29.1.283294
https://doi.org/10.37934/araset.29.1.283294
https://doi.org/10.37934/araset.29.1.283294
https://doi.org/10.37934/araset.29.1.283294
https://doi.org/10.1016/j.jclepro.2021.126044
https://doi.org/10.1016/j.jclepro.2021.126044
https://doi.org/10.1016/j.jclepro.2021.126044
https://doi.org/10.1016/j.jclepro.2021.126044
https://doi.org/10.1016/j.jclepro.2021.126044
https://doi.org/10.1016/j.applthermaleng.2024.122504
https://doi.org/10.1016/j.applthermaleng.2024.122504
https://doi.org/10.1016/j.applthermaleng.2024.122504
https://doi.org/10.1016/j.applthermaleng.2024.122504
https://doi.org/10.1016/j.eswa.2024.123123
https://doi.org/10.1016/j.eswa.2024.123123

M.j. Khan et al.

Journal of Applied Research in Electrical Engineering, Vol. 4, No. 1, pp. 122-136, 2025

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

in battery management system with electric vehicle
application,” Expert Syst. Appl., Art. no. 123123,
2024.

H. Li, M. Bin Kaleem, I.-J. Chiu, D. Gao, J. Peng, and
Z. Huang, “An intelligent digital twin model for the
battery management systems of electric vehicles,”
Int. J. Green Energy, vol. 21, no. 3, pp. 461-475,
2024.

P. J. Raj, V. V. Prabhu, V. Krishnakumar, and M. C.
J. Anand, “Solar powered charging of Fuzzy Logic
Controller (FLC) strategy with Battery Management
System (BMS) method used for Electric Vehicle
(EV),” International Journal of Fuzzy Systems, vol.
25, no. 7, pp. 2876-2888, 2023.

T. Raoofi and M. Yildiz, “Comprehensive review of
battery state estimation strategies using machine
learning for battery Management Systems of Aircraft
Propulsion Batteries,” J. Energy Storage, vol. 59, Art.
no. 106486, 2023.

H. Wang, S. A. Pourmousavi, W. L. Soong, X.
Zhang, and N. Ertugrul, “Battery and energy
management system for vanadium redox flow
battery: A critical review and recommendations,” J.
Energy Storage, vol. 58, Art. no. 106384, 2023.

M. Waseem, M. Ahmad, A. Parveen, and M. Suhaib,
“Battery technologies and functionality of battery
management system for EVs: Current status, key
challenges, and future prospectives,” J. Power
Sources, vol. 580, Art. no. 233349, 2023.

M. J. Khan, M. N. Akhtar, A. Alam, and A.
Afthanorhan, “loT based MPPT techniques for

photovoltaic  frameworks management  under
different environmental conditions: a review,”
International  Journal of Informatics and

Communication Technology (1J-1CT), vol. 13, no. 2,
Art. no. 306, Aug. 2024.

S. K. Jha, C. Gandikoti, S. K. Jha, and B. M. Jha,
“Electric vehicle charge scheduling approach based
on smart decision hunting  optimization,”
International Journal on Interactive Design and
Manufacturing, vol. 18, no. 1, pp. 331-349, 2024.

S. Manoj and S. P. Kumar, “An optimum E-vehicle
energy  management  system  using  deep
reinforcement learning,” International Journal of
Engineering Trends and Technology, vol. 71, no. 5,
pp. 219-227, 2023.

A. T. Vijayan, J. V. Dev, and H. Henry, “Charge
sharing scheme for electric vehicles based on battery
monitoring,” International Journal of Applied Power
Engineering (IJAPE), vol. 13, no. 3, Art. no. 703,
Sep. 2024.

R. R. Kumar, C. Bharatiraja, K. Udhayakumar, S.
Devakirubakaran, K. S. Sekar, and L. Mihet-Popa,
“Advances in batteries, battery modeling, battery
management system, battery thermal management,
SOC, SOH, and charge/discharge characteristics in
EV applications,” IEEE Access, vol. 11, pp. 105761—
105809, 2023.

132

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

E. C. Blessie et al., “Machine learning-based
management of hybrid energy storage systems in e-
vehicles,” J. Nanomater, vol. 2022, 2022.

M. H. Elkholy et al., “Implementation of a multistage
predictive energy management strategy considering
electric vehicles using a novel hybrid optimization
technique,” J. Clean Prod., vol. 476, 2024.

V. Casella, G. Ferro, and M. Robba, “A decentralized
optimization approach to the power management of
electric vehicles parking lots,” Sustainable Energy,
Grids and Networks, vol. 38, 2024.

D. Benavides, P. Arévalo, E. Villa-Avila, J. A.
Aguado, and F. Jurado, “Predictive power fluctuation
mitigation in grid-connected PV systems with rapid
response to EV charging stations,” J. Energy Storage,
vol. 86, 2024.

Z. A. Al Muala, M. A. Bany lIssa, and P. M. Bello
Bugallo, “Integrating life cycle principles in home
energy management systems: optimal load PV-
battery—electric vehicle scheduling,” Batteries, vol.
10, no. 4, 2024.

T. Gaon, Y. Gabay, and M. Weiss Cohen,
“Optimizing electric vehicle routing efficiency using
k-means clustering and genetic algorithms,” Future
Internet, vol. 17, no. 3, pArt. no. 97, 2025.

M. Z. Afzal et al., “A novel electric vehicle battery
management system using an artificial neural
network-based adaptive droop control theory,” Int. J.
Energy Res., vol. 2023, no. 1, Art. no. 2581729, 2023.

H. Agrawal et al., “A fuzzy-genetic-based integration
of renewable energy sources and E-vehicles,”
Energies (Basel), vol. 15, no. 9, Art. no. 3300, 2022.

M. S. N. Krishna konijeti and M. L. Bharathi,
“Extraction of maximum power from solar with
BLDC motor driven electric vehicles based HHO
algorithm,” Advances in Engineering Software, vol.
170, Art. no. 103137, 2022.

S. M. Kandil, A. Abdelfatah, and M. A. Azzouz,
“Optimization approaches for fast charging stations
allocation and sizing: A review,” IEEE Access, vol.
12, pp. 46741-46763, 2024.

T. Yuvaraj, K. R. Devabalaji, J. A. Kumar, S. B.
Thanikanti, and N. I. Nwulu, “A comprehensive
review and analysis of the allocation of electric
vehicle charging stations in distribution networks,”
IEEE Access, vol. 12, pp. 5404-5461, 2024.

N. Philip, P. C. Ghosh, “Optimal sizing of electrical
and thermal energy storage systems for application in
fuel cell based electric vehicles,” Journal of Energy
Storage, vol. 83, Art. no. 110753, 2024.

Y. Chen, M. Tian, J. Xue, L. Zhang, and J. Ying,
“Data-driven  approaches to achieve energy
transition:  Statistical analysis of demand-side
management and smart decision making in urban
energy hub networks,” Sustain. Cities Soc., vol. 101,
2024,


https://doi.org/10.1016/j.eswa.2024.123123
https://doi.org/10.1016/j.eswa.2024.123123
https://doi.org/10.1016/j.eswa.2024.123123
https://doi.org/10.1080/15435075.2023.2295634
https://doi.org/10.1080/15435075.2023.2295634
https://doi.org/10.1080/15435075.2023.2295634
https://doi.org/10.1080/15435075.2023.2295634
https://doi.org/10.1080/15435075.2023.2295634
https://doi.org/10.1007/s40815-023-01548-1
https://doi.org/10.1007/s40815-023-01548-1
https://doi.org/10.1007/s40815-023-01548-1
https://doi.org/10.1007/s40815-023-01548-1
https://doi.org/10.1007/s40815-023-01548-1
https://doi.org/10.1007/s40815-023-01548-1
https://doi.org/10.1016/j.est.2023.106486
https://doi.org/10.1016/j.est.2023.106486
https://doi.org/10.1016/j.est.2023.106486
https://doi.org/10.1016/j.est.2023.106486
https://doi.org/10.1016/j.est.2023.106486
https://doi.org/10.1016/j.est.2023.106384
https://doi.org/10.1016/j.est.2023.106384
https://doi.org/10.1016/j.est.2023.106384
https://doi.org/10.1016/j.est.2023.106384
https://doi.org/10.1016/j.est.2023.106384
https://doi.org/10.1016/j.jpowsour.2023.233349
https://doi.org/10.1016/j.jpowsour.2023.233349
https://doi.org/10.1016/j.jpowsour.2023.233349
https://doi.org/10.1016/j.jpowsour.2023.233349
https://doi.org/10.1016/j.jpowsour.2023.233349
https://doi.org/10.11591/ijict.v13i2.pp306-313
https://doi.org/10.11591/ijict.v13i2.pp306-313
https://doi.org/10.11591/ijict.v13i2.pp306-313
https://doi.org/10.11591/ijict.v13i2.pp306-313
https://doi.org/10.11591/ijict.v13i2.pp306-313
https://doi.org/10.11591/ijict.v13i2.pp306-313
https://doi.org/10.11591/ijict.v13i2.pp306-313
https://doi.org/10.1007/s12008-023-01461-y
https://doi.org/10.1007/s12008-023-01461-y
https://doi.org/10.1007/s12008-023-01461-y
https://doi.org/10.1007/s12008-023-01461-y
https://doi.org/10.1007/s12008-023-01461-y
https://doi.org/10.14445/22315381/IJETT-V71I5P223
https://doi.org/10.14445/22315381/IJETT-V71I5P223
https://doi.org/10.14445/22315381/IJETT-V71I5P223
https://doi.org/10.14445/22315381/IJETT-V71I5P223
https://doi.org/10.14445/22315381/IJETT-V71I5P223
https://doi.org/10.11591/ijape.v13.i3.pp703-714
https://doi.org/10.11591/ijape.v13.i3.pp703-714
https://doi.org/10.11591/ijape.v13.i3.pp703-714
https://doi.org/10.11591/ijape.v13.i3.pp703-714
https://doi.org/10.11591/ijape.v13.i3.pp703-714
https://doi.org/10.1109/ACCESS.2023.3318121
https://doi.org/10.1109/ACCESS.2023.3318121
https://doi.org/10.1109/ACCESS.2023.3318121
https://doi.org/10.1109/ACCESS.2023.3318121
https://doi.org/10.1109/ACCESS.2023.3318121
https://doi.org/10.1109/ACCESS.2023.3318121
https://doi.org/10.1109/ACCESS.2023.3318121
https://doi.org/10.1155/2022/8270718
https://doi.org/10.1155/2022/8270718
https://doi.org/10.1155/2022/8270718
https://doi.org/10.1016/j.jclepro.2024.143765
https://doi.org/10.1016/j.jclepro.2024.143765
https://doi.org/10.1016/j.jclepro.2024.143765
https://doi.org/10.1016/j.jclepro.2024.143765
https://doi.org/10.1016/j.segan.2024.101301
https://doi.org/10.1016/j.segan.2024.101301
https://doi.org/10.1016/j.segan.2024.101301
https://doi.org/10.1016/j.segan.2024.101301
https://doi.org/10.1016/j.est.2024.111230
https://doi.org/10.1016/j.est.2024.111230
https://doi.org/10.1016/j.est.2024.111230
https://doi.org/10.1016/j.est.2024.111230
https://doi.org/10.1016/j.est.2024.111230
https://doi.org/10.3390/batteries10040138
https://doi.org/10.3390/batteries10040138
https://doi.org/10.3390/batteries10040138
https://doi.org/10.3390/batteries10040138
https://doi.org/10.3390/batteries10040138
https://doi.org/10.3390/fi17030097
https://doi.org/10.3390/fi17030097
https://doi.org/10.3390/fi17030097
https://doi.org/10.3390/fi17030097
https://doi.org/10.1155/2023/2581729
https://doi.org/10.1155/2023/2581729
https://doi.org/10.1155/2023/2581729
https://doi.org/10.1155/2023/2581729
https://doi.org/10.3390/en15093300
https://doi.org/10.3390/en15093300
https://doi.org/10.3390/en15093300
https://doi.org/10.1016/j.advengsoft.2022.103137
https://doi.org/10.1016/j.advengsoft.2022.103137
https://doi.org/10.1016/j.advengsoft.2022.103137
https://doi.org/10.1016/j.advengsoft.2022.103137
https://doi.org/10.1016/j.advengsoft.2022.103137
https://doi.org/10.1109/ACCESS.2024.3381635
https://doi.org/10.1109/ACCESS.2024.3381635
https://doi.org/10.1109/ACCESS.2024.3381635
https://doi.org/10.1109/ACCESS.2024.3381635
https://doi.org/10.1109/ACCESS.2023.3349274
https://doi.org/10.1109/ACCESS.2023.3349274
https://doi.org/10.1109/ACCESS.2023.3349274
https://doi.org/10.1109/ACCESS.2023.3349274
https://doi.org/10.1109/ACCESS.2023.3349274
https://doi.org/10.1016/j.est.2024.110753
https://doi.org/10.1016/j.est.2024.110753
https://doi.org/10.1016/j.est.2024.110753
https://doi.org/10.1016/j.est.2024.110753
https://doi.org/10.1016/j.scs.2023.105150
https://doi.org/10.1016/j.scs.2023.105150
https://doi.org/10.1016/j.scs.2023.105150
https://doi.org/10.1016/j.scs.2023.105150
https://doi.org/10.1016/j.scs.2023.105150
https://doi.org/10.1016/j.scs.2023.105150

M.j. Khan et al.

Journal of Applied Research in Electrical Engineering, Vol. 4, No. 1, pp. 122-136, 2025

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

K. Khan, I. Samuilik, and A. Ali, “A mathematical
model for dynamic electric vehicles: Analysis and
optimization,” Mathematics, vol. 12, no. 2, 2024.

R. Manivannan, “Research on IoT-based hybrid
electrical vehicles energy management systems using
machine learning-based algorithm,” Sustainable
Computing: Informatics and Systems, vol. 41, 2024.

A. Kapoor, V. S. Patel, A. Sharma, and A.
Mohapatra, “Optimal planning of fast EV charging
stations in a coupled transportation and electrical
power distribution network,” IEEE Transactions on
Automation Science and Engineering, vol. 21, no. 3,
pp. 4261-4271, 2024.

K. Varatharajalu, M. Manoharan, T. S. C.
Palanichamy, and S. Subramani, “Electric vehicle
parameter identification and state of charge
estimation of Li-ion batteries: Hybrid WSO-HDLNN
method,” ISA Trans, vol. 142, pp. 347-359, 2023.

S. Karmakar, T. K. Bera, and A. K. Bohre, “Novel PI
controller and ANN controllers-based passive cell
balancing for battery management system,” IEEE
Trans. Ind. Appl., vol. 59, no. 6, pp. 7623-7634,
2023.

P. Dhanalakshmi, U. J. Reddy, M. Ranjith Reddy, and
G. Ravikanth, “Machine learning electrical vehicle
charging management under the optimization of
flyback  converter  for  solar  photovoltaic
applications,” SSRG International Journal of
Electrical and Electronics Engineering, vol. 10, pp.
137-153, 2023.

M. Altaf et al., “PSO-based optimal placement of
electric vehicle charging stations in a distribution
network in smart grid environment incorporating
backward forward sweep method,” IET Renewable
Power Generation, 2023.

T. Yuvaraj, K. R. Devabalaji, S. B. Thanikanti, V. B.
Pamshetti, and N. 1. Nwulu, “Integration of electric
vehicle charging stations and DSTATCOM in
practical indian distribution systems using bald eagle
search algorithm,” IEEE Access, vol. 11, pp. 55149—
55168, 2023.

R. Elazab, O. Saif, A. M. A. Amin Metwally, and M.
Daowd, “New smart home energy management
systems based on inclining block-rate pricing
scheme,” Clean Energy, vol. 6, no. 3, pp. 503-511,
2022.

M. M. Gamil, T. Senjyu, H. Masrur, H. Takahashi,
and M. E. Lotfy, “Controlled V2Gs and battery
integration into residential microgrids: Economic and
environmental impacts,” Energy Convers. Manag.,
vol. 253, 2022.

F. R. Albogamy et al., “Real-time scheduling for
optimal energy optimization in smart grid integrated
with renewable energy sources,” IEEE Access, vol.
10, pp. 35498-35520, 2022.

E. G. Abelaziz,. H. Quadi, and A. E. Aoumari,
“Hybrid optimal energy management for HTE

133

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

vehicles,” International Journal of Renewable
Energy Research, vol. 11, no. 4, pp. 1639-1651,
2021.

N. Kaoltsaklis, I. P. Panapakidis, D. Pozo, and G. C.
Christoforidis, “A prosumer model based on smart
home energy management and forecasting
techniques,” Energies (Basel), vol. 14, no. 6, 2021.

S. Singh, P. Chauhan, and N. J. Singh, “Feasibility of
grid-connected solar-wind hybrid system with
electric vehicle charging station,” Journal of Modern
Power Systems and Clean Energy, vol. 9, no. 2, pp.
295-306, 2021.

M. Bilal, M. Rizwan, I. Alsaidan, and F. M.
Almasoudi, “Al-Based approach for optimal
placement of EVCS and DG with reliability

analysis,” IEEE Access, vol. 9, pp. 154204-154224,
2021.

C. Balerna et al., “Time-optimal low-level control
and gearshift strategies for the formula 1 hybrid
electric powertrain,” Energies (Basel), vol. 14, no. 1,
2021.

S. Ajayan and A. 1. Selvakumar, “Implementation of
firefly algorithm in optimal sizing of proton exchange
membrane fuel cell-battery hybrid locomotive,”
International Journal of Renewable Energy
Research, vol. 10, no. 2, pp. 614-624, 2020.

M. J. Khan, M. N. Akhtar, and A. Afthanorhan, “An
innovative control of the charging and discharging for
the battery management operation using a
bidirectional converter,” Future Technology, vol. 4,
no. 1, pp. 23-28, 2025.

K. Yamini Krishna and K. Narasimha Raju,
“Optimization technique for improvement of fuel
economy in fuel cell electrical vehicles,” Journal of
Advanced Research in Dynamical and Control
Systems, vol. 12, no. 2, pp. 137-145, 2020.

C. Yammani, P. Prabhat, and K. Dahal, “Optimal
dispatch of Vehicle-to-Grid (V2G) battery storage
using p-ELECTRE Method and Its Impact on
Optimal Scheduling of DGs in distribution system,”
Electric Power Components and Systems, vol. 47, no.
14-15, pp. 1362-1374, 2019.

M. Khosravi, S. Hasanvand, M. Abasi, and M. E.
Hassanzadeh, “Economic analysis of photovoltaic
systems during peak load of the electric power
distribution system in the presence of electric
vehicles.,” Journal of Applied Research in Electrical
Engineering, vol. 3, no. 2, pp. 177-184, 2024.

A. Ghaedi and M. Mahmoudian, ‘“Reliability
evaluation of power systems including pumped-
storage generation units.,” Journal of Applied
Research in Electrical Engineering, vol. 3, no. 1, pp.
110-119, 2024.

S. D. Pour and R. Eslami, “Efficient responding to
demand and robust voltage control of an islanded DC
microgrid under variations in load and supply.,”


https://doi.org/10.3390/math12020224
https://doi.org/10.3390/math12020224
https://doi.org/10.3390/math12020224
https://doi.org/10.1016/j.suscom.2023.100943
https://doi.org/10.1016/j.suscom.2023.100943
https://doi.org/10.1016/j.suscom.2023.100943
https://doi.org/10.1016/j.suscom.2023.100943
https://doi.org/10.1109/TASE.2023.3293955
https://doi.org/10.1109/TASE.2023.3293955
https://doi.org/10.1109/TASE.2023.3293955
https://doi.org/10.1109/TASE.2023.3293955
https://doi.org/10.1109/TASE.2023.3293955
https://doi.org/10.1109/TASE.2023.3293955
https://doi.org/10.1016/j.isatra.2023.07.029
https://doi.org/10.1016/j.isatra.2023.07.029
https://doi.org/10.1016/j.isatra.2023.07.029
https://doi.org/10.1016/j.isatra.2023.07.029
https://doi.org/10.1016/j.isatra.2023.07.029
https://doi.org/10.1109/TIA.2023.3299886
https://doi.org/10.1109/TIA.2023.3299886
https://doi.org/10.1109/TIA.2023.3299886
https://doi.org/10.1109/TIA.2023.3299886
https://doi.org/10.1109/TIA.2023.3299886
https://doi.org/10.14445/23488379/IJEEE-V10I9P113
https://doi.org/10.14445/23488379/IJEEE-V10I9P113
https://doi.org/10.14445/23488379/IJEEE-V10I9P113
https://doi.org/10.14445/23488379/IJEEE-V10I9P113
https://doi.org/10.14445/23488379/IJEEE-V10I9P113
https://doi.org/10.14445/23488379/IJEEE-V10I9P113
https://doi.org/10.14445/23488379/IJEEE-V10I9P113
https://doi.org/10.1049/rpg2.12916
https://doi.org/10.1049/rpg2.12916
https://doi.org/10.1049/rpg2.12916
https://doi.org/10.1049/rpg2.12916
https://doi.org/10.1049/rpg2.12916
https://doi.org/10.1109/ACCESS.2023.3280607
https://doi.org/10.1109/ACCESS.2023.3280607
https://doi.org/10.1109/ACCESS.2023.3280607
https://doi.org/10.1109/ACCESS.2023.3280607
https://doi.org/10.1109/ACCESS.2023.3280607
https://doi.org/10.1109/ACCESS.2023.3280607
https://doi.org/10.1093/ce/zkac016
https://doi.org/10.1093/ce/zkac016
https://doi.org/10.1093/ce/zkac016
https://doi.org/10.1093/ce/zkac016
https://doi.org/10.1093/ce/zkac016
https://doi.org/10.1016/j.enconman.2021.115171
https://doi.org/10.1016/j.enconman.2021.115171
https://doi.org/10.1016/j.enconman.2021.115171
https://doi.org/10.1016/j.enconman.2021.115171
https://doi.org/10.1016/j.enconman.2021.115171
https://doi.org/10.1109/ACCESS.2022.3161845
https://doi.org/10.1109/ACCESS.2022.3161845
https://doi.org/10.1109/ACCESS.2022.3161845
https://doi.org/10.1109/ACCESS.2022.3161845
https://www.researchgate.net/publication/370731000_Hybrid_Optimal_Energy_Management_for_HTE_Vehicles
https://www.researchgate.net/publication/370731000_Hybrid_Optimal_Energy_Management_for_HTE_Vehicles
https://www.researchgate.net/publication/370731000_Hybrid_Optimal_Energy_Management_for_HTE_Vehicles
https://www.researchgate.net/publication/370731000_Hybrid_Optimal_Energy_Management_for_HTE_Vehicles
https://www.researchgate.net/publication/370731000_Hybrid_Optimal_Energy_Management_for_HTE_Vehicles
https://doi.org/10.3390/en14061724
https://doi.org/10.3390/en14061724
https://doi.org/10.3390/en14061724
https://doi.org/10.3390/en14061724
https://doi.org/10.35833/MPCE.2019.000081
https://doi.org/10.35833/MPCE.2019.000081
https://doi.org/10.35833/MPCE.2019.000081
https://doi.org/10.35833/MPCE.2019.000081
https://doi.org/10.35833/MPCE.2019.000081
https://doi.org/10.1109/ACCESS.2021.3125135
https://doi.org/10.1109/ACCESS.2021.3125135
https://doi.org/10.1109/ACCESS.2021.3125135
https://doi.org/10.1109/ACCESS.2021.3125135
https://doi.org/10.1109/ACCESS.2021.3125135
https://doi.org/10.3390/en14010171
https://doi.org/10.3390/en14010171
https://doi.org/10.3390/en14010171
https://doi.org/10.3390/en14010171
https://www.ijrer.org/ijrer/index.php/ijrer/article/view/10470
https://www.ijrer.org/ijrer/index.php/ijrer/article/view/10470
https://www.ijrer.org/ijrer/index.php/ijrer/article/view/10470
https://www.ijrer.org/ijrer/index.php/ijrer/article/view/10470
https://www.ijrer.org/ijrer/index.php/ijrer/article/view/10470
https://fupubco.com/futech/article/view/231
https://fupubco.com/futech/article/view/231
https://fupubco.com/futech/article/view/231
https://fupubco.com/futech/article/view/231
https://fupubco.com/futech/article/view/231
https://doi.org/10.5373/JARDCS/V12I2/S202010016
https://doi.org/10.5373/JARDCS/V12I2/S202010016
https://doi.org/10.5373/JARDCS/V12I2/S202010016
https://doi.org/10.5373/JARDCS/V12I2/S202010016
https://doi.org/10.5373/JARDCS/V12I2/S202010016
https://doi.org/10.1080/15325008.2019.1666179
https://doi.org/10.1080/15325008.2019.1666179
https://doi.org/10.1080/15325008.2019.1666179
https://doi.org/10.1080/15325008.2019.1666179
https://doi.org/10.1080/15325008.2019.1666179
https://doi.org/10.1080/15325008.2019.1666179
https://doi.org/10.22055/jaree.2024.45461.1093
https://doi.org/10.22055/jaree.2024.45461.1093
https://doi.org/10.22055/jaree.2024.45461.1093
https://doi.org/10.22055/jaree.2024.45461.1093
https://doi.org/10.22055/jaree.2024.45461.1093
https://doi.org/10.22055/jaree.2024.45461.1093
https://doi.org/10.22055/jaree.2024.46072.1107
https://doi.org/10.22055/jaree.2024.46072.1107
https://doi.org/10.22055/jaree.2024.46072.1107
https://doi.org/10.22055/jaree.2024.46072.1107
https://doi.org/10.22055/jaree.2024.46072.1107
https://doi.org/10.22055/jaree.2024.46072.1107
https://doi.org/10.22055/jaree.2024.45776.1100
https://doi.org/10.22055/jaree.2024.45776.1100
https://doi.org/10.22055/jaree.2024.45776.1100

M.j. Khan et al.

Journal of Applied Research in Electrical Engineering, Vol. 4, No. 1, pp. 122-136, 2025

[51]

[52]

[53]

[54]

[58]

[56]

[57]

[58]

[59]

[60]

[61]

Journal of Applied Research in Electrical

Engineering, vol. 3, no. 1, pp. 51-63, 2024.

H. Polat, E. Unamuno, D. Cabezuelo, T. Geury, and
0. Hegazy, “Development and Comparison of Rule-
and Machine Learning-based EMS for HESS
providing grid services,” IEEE Access, 2024.

S. Zhou, Z. Chen, D. Huang, and T. Lin, “Model
prediction and rule based energy management
strategy for a plug-in hybrid electric vehicle with
hybrid energy storage system,” |IEEE Trans. Power
Electron., vol. 36, no. 5, pp. 5926-5940, 2020.

D. Bhule and R. S. Kaarthik, “A model predictive
control scheme for a single-phase integrated battery
charger with active power decoupling for EV
application,” IEEE Trans. Power Electron., vol. 39,
no. 4, pp. 4117 — 4126, 2024.

Y. Lu, X. Han, L. Lu, X. Feng, and M. Ouyang,
“Optimal charging strategy for lithium-ion batteries
based on model predictive control with coupled
thermal-electric decomposed electrode model,” IEEE
Trans. Ind. Appl., vol. 60, no. 4, pp. 6582 — 6592,
2024.

S. Xiao, P. Liu, K. Chen, K. Liu, G. Gao, and G. Wu,
“Battery state of health prediction based on voltage
intervals, BP neural network and genetic algorithm,”
Int. J. Green Energy, pp. 1-14, 2023.

A. Singh, K. Pal, and C. B. Vishwakarma, “State of
charge estimation techniques of Li-ion battery of
electric vehicles,” e-Prime-Advances in Electrical
Engineering, Electronics and Energy, vol. 6, Art. no.
100328, 2023.

F. A. B. Zaini, M. F. Sulaima, I. A. W. A. Razak, N.
1. Zulkafli, and H. Mokhlis, “A review of PSO-based
algorithm application in demand Side management:
Challenges & opportunities,” IEEE Access, vol. 11,
pp. 53373 — 53400, 2023.

E. Fadlaoui and N. Masaif, “Parameter identification
of the combined battery model using embedded PSO-
GA,” in Benchmarks and Hybrid Algorithms in
Optimization and Applications, Springer, 2023, pp.
211-225.

Y. Khawaja et al., “Battery management solutions for
li-ion batteries based on artificial intelligence,” Ain
Shams Engineering Journal, vol. 14, no. 12, Art. no.
102213, 2023.

M. Kurucan, M. Ozbaltan, Z. Yetgin, and A. Alkaya,
“Applications of artificial neural network based
battery management systems: a literature review,”
Renewable and Sustainable Energy Reviews, vol.
192, Art. no. 114262, 2024.

P. A. Nambi, S. Muthubalaji, S. Srinivasan, and M.
B. Subramani, “A smart and intelligence based
controlling algorithms  for maximum  power
extraction and effective battery management in EV
systems,” Energy Storage, vol. 6, no. 1, Art. no. e583,
2024.

134

BIOGRAPHY

Mohammad Junaid Khan
Recognized among the World’s Top
2% Scientists (Stanford University,
USA). Dr. Khan is an accomplished
academic and researcher currently
serving as an Assistant Professor in
the Department of Electronics and
Communication Engineering, SR
| University, Warangal, Telangana,
; India, where he joined in 2025.
NIRF-2025:91 & World’s THE-2025 ranking band: 801-
1000. He also serves as an Editorial Board Member of
Scientific report, Springer Nature, The Campus, 4 Crinan
Street, London N1 9XW, UK. & Guest Editor (SI) for
BENTHAM SCIENCE's "Recent Advances in Electrical &
Electronic Engineering” (UAE). His dedication to advanced
research is evident through his Post-Doctoral Fellowship
from Universiti Sultan Zainal Abidin (UniSZA), a
distinguished public university in Malaysia. Prior to this, his
research potential was recognized with the prestigious
Institute Post Doctorate Fellowship (IPDF) at the IIT
Guwahati, India.

Dr. Khan's strong academic foundation includes a Ph.D.
earned in 2019 from the National Institute of Technical
Teachers Training & Research, Chandigarh (MoE, Govt. of
India), a centrally funded institution. He also holds an M.
Tech. degree from PEC University of Technology,
Chandigarh, India (Administration of Union Territory of
Chandigarh, Govt. of India), obtained in 2011 (Centrally
Funded), and a B. Tech. from Govt. Engineering College
Ujjain (Autonomous by Govt of M.P.), Madhya Pradesh,
India, completed in 2009 (State Funded).

With over 14 years of experience in both Teaching and
Research, Dr. Khan has demonstrated excellence in
education, qualifying for the National level GATE
examination and securing an impressive rank of 289 in the
Madhya Pradesh Pre-Engineering Test (MP PET-2005).
His contributions to intellectual property include 02 granted
Indian patents, with an additional 03 patents filed and
published. He boasts a significant body of work with over
80 reputed publications, including in SCI and Scopus-
indexed journals, and has also authored a book with an
international publisher.

Dr. Khan's achievements have been recognized through 5
awards, including the Best Paper Award at IEEE CENCON,
Malaysia, the Outstanding Scientist Award from
ScienceFather India, the Best Young Scientist award from
ITSR, India, and the UGC fellowship under the MANF
Scheme. He has completed 04 projects sanctioned by
HAREDA, Govt. of Haryana.

He is a sought-after speaker and expert, having delivered 09
Keynote addresses and served as a Technical Session
Chair/Co-chair at International Conferences both in India
and abroad. Additionally, he has given 05 invited lectures
and served as a technical expert in various Seminars and
Workshops. He has presented 17 research articles at various
conferences.

Dr. Khan has actively contributed to the academic
community by organizing 24 events, including
Conferences, Workshops, etc. He has also undertaken 30
significant responsibilities, such as Chair of the Outreach



https://doi.org/10.22055/jaree.2024.45776.1100
https://doi.org/10.22055/jaree.2024.45776.1100
https://ieeexplore.ieee.org/abstract/document/10478905/
https://ieeexplore.ieee.org/abstract/document/10478905/
https://ieeexplore.ieee.org/abstract/document/10478905/
https://ieeexplore.ieee.org/abstract/document/10478905/
https://doi.org/10.1109/TPEL.2020.2968287
https://doi.org/10.1109/TPEL.2020.2968287
https://doi.org/10.1109/TPEL.2020.2968287
https://doi.org/10.1109/TPEL.2020.2968287
https://doi.org/10.1109/TPEL.2020.2968287
https://doi.org/10.1109/TPEL.2024.3350991
https://doi.org/10.1109/TPEL.2024.3350991
https://doi.org/10.1109/TPEL.2024.3350991
https://doi.org/10.1109/TPEL.2024.3350991
https://doi.org/10.1109/TPEL.2024.3350991
https://doi.org/10.1109/TPEL.2024.3350991
https://doi.org/10.1109/TIA.2024.3384470
https://doi.org/10.1109/TIA.2024.3384470
https://doi.org/10.1109/TIA.2024.3384470
https://doi.org/10.1109/TIA.2024.3384470
https://doi.org/10.1109/TIA.2024.3384470
https://doi.org/10.1109/TIA.2024.3384470
https://doi.org/10.1080/15435075.2023.2249012
https://doi.org/10.1080/15435075.2023.2249012
https://doi.org/10.1080/15435075.2023.2249012
https://doi.org/10.1080/15435075.2023.2249012
https://doi.org/10.1016/j.prime.2023.100328
https://doi.org/10.1016/j.prime.2023.100328
https://doi.org/10.1016/j.prime.2023.100328
https://doi.org/10.1016/j.prime.2023.100328
https://doi.org/10.1016/j.prime.2023.100328
https://doi.org/10.1109/ACCESS.2023.3278261
https://doi.org/10.1109/ACCESS.2023.3278261
https://doi.org/10.1109/ACCESS.2023.3278261
https://doi.org/10.1109/ACCESS.2023.3278261
https://doi.org/10.1109/ACCESS.2023.3278261
https://doi.org/10.1109/ACCESS.2023.3278261
https://doi.org/10.1007/978-981-99-3970-1_12
https://doi.org/10.1007/978-981-99-3970-1_12
https://doi.org/10.1007/978-981-99-3970-1_12
https://doi.org/10.1007/978-981-99-3970-1_12
https://doi.org/10.1007/978-981-99-3970-1_12
https://doi.org/10.1007/978-981-99-3970-1_12
https://doi.org/10.1016/j.asej.2023.102213
https://doi.org/10.1016/j.asej.2023.102213
https://doi.org/10.1016/j.asej.2023.102213
https://doi.org/10.1016/j.asej.2023.102213
https://doi.org/10.1016/j.rser.2024.114262
https://doi.org/10.1016/j.rser.2024.114262
https://doi.org/10.1016/j.rser.2024.114262
https://doi.org/10.1016/j.rser.2024.114262
https://doi.org/10.1016/j.rser.2024.114262
https://doi.org/10.1002/est2.583
https://doi.org/10.1002/est2.583
https://doi.org/10.1002/est2.583
https://doi.org/10.1002/est2.583
https://doi.org/10.1002/est2.583
https://doi.org/10.1002/est2.583

M.j. Khan et al.

Journal of Applied Research in Electrical Engineering, Vol. 4, No. 1, pp. 122-136, 2025

Committee, Chair of the Library, Deputy Chair of
Academics, Deputy Chair of Sports, Hostel Warden, NBA
Co-ordinator, Co-ordinator of the Affiliation Committee,
and Co-ordinator of the AICTE committee. Currently
supervising 4 Ph.D. scholars and mentoring 2 post-doctoral
researchers in their advanced research work. He has
successfully guided over 12 B.Tech student projects.

His professional engagement extends to membership in 8
technical committees and professional societies, and he
serves as a reviewer for 40 reputed international journals.
He has also undertaken 03 research projects and completed
02 MOOC certification courses recognized by AICTE.
Furthermore, he has actively participated in more than 100
activities, including FDPs, STCs, Conferences, Training
programs, Workshops, Seminars, and Webinars.

Areas of Interest: Artificial Intelligence, Embedded

systems, Optimization Techniques, and Renewable Energy
Sources.

Ram Murat Singh is a distinguished
academic and researcher with a rich
background in Instrumentation and
Control Engineering. He completed
his PhD from NITTTR, Chandigarh,
and holds an M. Tech in
Instrumentation from Panjab
University, Chandigarh, where he
earned a Gold Medal for his
exceptional performance.

A recipient of the prestigious DST (INSPIRE) Fellowship
from the Government of India, Dr. Singh has made
significant contributions to his field, with 15+ research
articles published in reputed international journals and
conferences. He has also demonstrated his innovative
prowess with 5 granted patents and 5 more in process.

Dr. Singh is actively involved in technical communities,
being a member of organizations like ISTR, Jaipur, and an
Associate Member of The Institution of Engineers India,
among others.

With over 15 years of academic and industry experience, he
has served renowned institutions such as SRM University,
Chitkara University, JIS University, Assam Kaziranga
University, and Woxsen University. Currently, he is making
impactful contributions at Lovely Professional University,
Punjab.

Md. Naqui Akhtar is Pursuing PhD
from Birsa Institute of Technology
(BIT) Sindri, Dhanbad under
Jharkhand University of Technology
(JUT), Ranchi. Mr. Akhtar received
his Master of Engineering Degrees in
Electrical Engineering
(Instrumentation and Control
Engineering) from National Institute
of Technical Teacher’s Training and Research (NITTTR),
Panjab University, Chandigarh, India and B. Tech. Degree
in Electrical Engineering from National Institute of
Technology (NIT), Jamshedpur, Ranchi University,
Jharkhand, India.
He is currently working as Lecturer, Department of
Electrical Engineering in Government Polytechnic,

135

Sahibganj, Under the Control of Department of Higher and
Technical Education, Government of Jharkhand, Ranchi,
India since April, 2021. It is guided by Jharkhand
University of Technology (JUT), Ranchi, India. He is
having 12 years of teaching experience and 03 years of
administrative experience, worked as Assistant Director,
Department of Science and Technology, Jharkhand, Nepal
House, Doranda, Ranchi. He has one year of Industrial
Experience in Ambuja Cement Limited Bhatapara Unit,
Raigarh, Chattishgarh, India. He has done his M. Tech
research work on NN based hybrid model for the detection
of maximum power point tracking in PV system. He has
published 07 research articles in reputed international
journals.

Asyraf AFTHANORHAN is an
Associate Professor at the Faculty of
Business and Management, Universiti
Sultan Zainal Abidin (UniSZA),
Malaysia, where he currently serves
as the Deputy Dean (Research &
Development). He is also the leader of
the Operation Research &
Management ~ Sciences  (ORMS)
research group. Dr. Asyraf is widely
recognized for his expertise in statistical modeling,
particularly Structural Equation Modeling (SEM), with
extensive  contributions in PLS-SEM, CB-SEM,
measurement model assessment, predictive analytics, and
applied quantitative research across business, health, and
education disciplines.

He has authored more than 120 Scopus- and Web of
Science—indexed publications, achieving an H-index of 25
on Scopus and 41 on Google Scholar, with more than 8,200
citations. He has received multiple prestigious awards,
including the University Academic Award (AAU) for High
Impact Publication (2021) and the Young Aspiration
Academic Award (2023), as well as the Journal Active
Author Award and Best-Selling Author Award in the
Research & Innovation Award (RIA) 2023.

Dr. Asyraf is highly active in editorial and reviewing roles,
serving as the Editor-in-Chief of the Journal of Management
Theory and Practice (JMTP) and contributing as editor and
reviewer for various international journals. He regularly
delivers workshops and training on quantitative analysis,
SEM, academic writing, and publication strategies.

His research interests include statistical modeling,
consumer behavior, health services evaluation, digital
transformation, entrepreneurship, and policy research. He is
also involved in developing collaborative projects with
international institutions and industry partners, fostering
impactful  research, innovation, and community
development.




M.j. Khan et al. Journal of Applied Research in Electrical Engineering, Vol. 4, No. 1, pp. 122-136, 2025

Copyrights
© 2026 Licensee Shahid Chamran University of Ahvaz, Ahvaz, Iran. This article is an open-access article distributed under
the terms and conditions of the Creative Commons Attribution -NonCommercial 4.0 International (CC BY-NC 4.0) License BY NC

(http://creativecommons.org/licenses/by-nc/4.0/).

136


http://creativecommons.org/licenses/by-nc/4.0/

