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Abstract-Precise  predictions of battery pack
parameters are essential for the design of battery
management systems (BMS) in electric vehicles (EVs).
These calculations also furnish significant additional
data, including the remaining life or useful time
(Strusniket al, 2020). Additionally, BMSs stop
overcharging and over discharging Li-ion batteries.
Owing to its intricate, nonlinear, and time-varying
electrochemical structure, Li-ion batteries exhibit
variations in performance in response to changes in
operating circumstances, including charge-discharge
current, ageing, and fluctuations. A battery's life may
be extended and its charge and discharge cycles
optimized with the help of a Battery Management
System (BMS), which is a combination of hardware and
software. The use of Al in electric vehicle (EV)
applications has received a lot of attention; these
applications may be broadly categorized into three
areas: range optimization, EV control-system design
and optimization, and EV battery design, fabrication,
and management.
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L INTRODUCTION

Solar panels are easily integrated and may be utilized
with a variety of surfaces and styles. This is perfect
for urban settings because it makes the most of
already-existing buildings or structures, adapts to
them effectively, and provides an aesthetically
pleasing solution that is very accommodative.

They are also incorporated in the information flow,
which enhances town planning, as they are part of the
dynamics of sustainable cities Fortunately, it seems
that photovoltaic generation for road traffic can
benefit from the use of solar charging stations. With
the added capability of being able to produce and
store their own power, these stations supply
electricity for cars. They meet the crucial need to

supply 100% sustainable energy since they utilise
solar panels( Hossain et al, 2022).

A battery's life may be extended and its charge and
discharge cycles optimized with the help of a Battery
Management System (BMS), which is a combination
of hardware and software. One of these facilities'
strong characteristics is its intelligent and productive
cooperation with the electricity grid. They may both
claim electricity when necessary and return excess
energy to the grid to ease the load. Because of the
higher energy consumption in cities, this power
supply is even more valuable.

IL. AIM AND OBJECTIVES OF THE
STUDY

To contribute in the following significant ways:

2.1. To better understand the various Al technologies
used in battery management systems, we conduct an
exhaustive literature research.

2.2. To identify the most effective Al approach for
precise battery condition prediction in EVs,

I1I. THEORETICAL FRAMEWORK

The sun is the earth's primary energy source,
providing more than 100 trillion watt-hours of energy
annually, which is why we are investigating solar
photovoltaic (SPV) based charging. This can
significantly lessen the strain that an increase in
electric vehicles on the road may have on the grid.
The sun is the earth's primary energy source,
providing more than 100 trillion watt-hours of energy
annually, which is why we are investigating solar
photovoltaic (SPV) based charging. By doing this, the
grid's potential stress from an increase in electric
vehicles on the road may be significantly reduced(Li
et a, 2020).

In order to convert incoming light energy into
electrical power, solar photovoltaic, or SPV, systems
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rely on light coming from the sun shining on
specifically constructed panels composed of silicon.
The way this process operates is that it absorbs
photon energy to create charge pairs, which are then
compelled to travel through an external circuit
channel in order to produce electrical energy. The
term "photoelectric effect," or PEE, refers to this
charge generating effect. Precise predictions of
battery pack parameters are essential for the design of
battery management systems (BMS) in electric
vehicles (EVs)

Iv. LITERATURE REVIEW

A Dbattery's life may be extended and its charge and
discharge cycles optimized with the help of a Battery
Management System (BMS), which is a combination
of hardware and software (Solank et al, 2020). Two
important indicators are calculated and tracked by the
BMS for our requirements. The first is the State of
Health (SOH), which shows how well the battery is
doing in relation to its historical and projected future.
A battery's level of charge throughout a charge or
discharge cycle is referred to as its State of Charge
(SOC). It is not possible to measure either of the
parameters directly (Gholami,et al,2020). A battery
pack's SOH and SOC may be found using a variety of
techniques. To estimate SOC and SOH, one can
utilise data-driven approaches, model-based methods,
or even sophisticated sensing-based methods.

Precise predictions of battery pack parameters are
essential for the design of battery management
systems (BMS) in electric vehicles (EVs). These
calculations also furnish significant additional data,
including the remaining life or useful time(Strusniket
al, 2020). Additionally, BMSs stop overcharging and
over discharging Li-ion batteries. Owing to its
intricate, nonlinear, and time-varying
electrochemical structure, Li-ion batteries exhibit
variations in performance in response to changes in
operating circumstances, including charge-discharge
current, ageing, and fluctuations(Sharma et al, 2020).
Accurately calculating SOC and SOH for a Li-ion
battery is a challenging undertaking as direct
interaction with a sensor is not possible.

There are two fundamental problems with the
conventional methods of battery management.

The first drawback is that the numbers you use must
come from "baseline" models, which are
characteristics under a variety of operating conditions.
Consequently, traditional models' accuracy is
constrained (Khawaja,et al, 2020). Moreover, the

characteristics of batteries change with age, thus
exacerbating the model's inefficiency. The second
drawback is that during the tests, the battery must be
"offline," or not in use, in order to calculate its
properties (Aldbaia et al, 2020). It is possible to apply
a variety of different solutions, including artificial
intelligence (AI) and computational intelligence (CI),
for state estimation and prediction in BMS (Changki,
et al, 2023).It has long been understood how
important artificial intelligence is, as well as the
components that follow.

Therefore, the last thing that may be asked for or seen
while parts utilizing this technology are operating is
manual participation. These devices speed up tasks
and procedures while maintaining accuracy and
precision, making them a useful and valuable tool.
Because Li-ion batteries are non-linear, as was
previously stated in light of their growing popularity,
it is essential to design various methods in order to
estimate SOC and SOH. we compare the various Al
techniques used based on a number of performance
parameters. Battery management is controlled by a
BMS, which is a hardware and software system
(Arora et al, 2023). Many functional parts, including
a state machine, temperature monitors, fuel gauge
monitor, cell voltage balance, cut-off field effect
transistor, cell voltage monitor, and real-time clock,
are assembled to form a BMS. BMS integrated chips
are available in several kinds. A basic analogue front
ends with a microcontroller that can balance and
monitor data may be compared to a fully integrated,
stand-alone system that can work independently. The
functional components are arranged differently for
each type of system.

A. Gap in Research.

Literature review indicates that not much research is
done on to better understand the wvarious Al
technologies used in battery management systems,
we conduct an exhaustive literature research and to
identify the most effective Al approach for precise
battery condition prediction in EVs.

V. METHODOLOGY

As per the literature Review and to address the
research gaps, a mixed method approach is adopted.
This blended method for this study will focus on
literature review of relevant and recent research in the
scope of the study and case studies for primary and
application oriented research.
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VI. DISCUSSION OF FINDINGS

A.BMS

A range of actuators, controllers, and sensors may be
included in the BMS of EVs. Battery management
systems, or BMSs, are in charge of protecting
batteries, keeping them running within reasonable
voltage, current, and temperature ranges, and
precisely tracking battery parameters. Three
fundamental topologies—distributed, centralized,
and modular architectures—have been applied to
hardware structures. A layer structure for maintaining
a battery's state was given by Chitra et al(2020).
Based on their many features, BMSs may be
categorized. Using these ideas, a comprehensive
framework with fundamental features might be
developed. At the monitoring layer, a number of
sensors inside the battery pack gather data .

Electric vehicle BMSs can have a variety of actuators,
controls, and sensors. The responsibility of
safeguarding batteries, maintaining their operation
within appropriate voltage, current, and temperature
limits, and accurately monitoring battery parameters
falls on battery management systems, or BMSs.
Three basic topologies have been used create
hardware structures: modular, distributed, and
centralized architectures. A full framework with key
components might be created using these concepts. A
multitude of sensors within the battery pack collect
data at the monitoring layer (Gabba et al, 2021).

The necessary steps to get the required data are
modeling, data collecting (using a data acquisition
system, or DAQ), and data storage. A component of
the system known as the charge controller regulates
the charge-discharge process. It can be necessary to
use a variable resistor to balance cells or check
internal resistance. To perfectly balance the battery
pack's cells and assess the battery's condition, cell
balancing management is still a crucial design feature
that may be enhanced. Data communication inside
the BMS is required since the majority of its
subsystems are independent modules. Through
communication over a Controller Area Network
(CAN) bus, the BMS transfers data primarily.
Creating intelligent batteries with microchips
integrated therein that can interact with chargers and
users would allow for the collection of more data.

To further enhance connection between the battery
and charger, radio and communication technologies
are progressively being incorporated into charging
systems. It is imperative to include a thermal

management  module  because  temperature
fluctuations impact cell imbalance, reliability, and
performance. Lowering the temperature difference
between cells is therefore essential, and they need to
be controlled and operated at the proper temperature.

B. Case study examples

For instance, solar charging stations have been
installed at Peachtree Corners, which is part of the
Atlanta metropolitan region. The authorities
understand how urgent it is to provide options for
electric car charging as the number of electric
vehicles rises. Furthermore, there are other instances
of solar-powered public fleets in the United States,
including San Diego.

The trend has even gotten to the point of state
planning in other regions of the world, including
India. By 2021, it was mandated that solar panels
account for a minimum of 10% of the installation
capacity of all public charging stations. Up to 250
solar charging stations might be put throughout the
nation by the business ATOM Charge in 2022.
Using these renewable energy sources to charge
electric automobiles is not a novel concept. Still,
there hasn't been a thorough investigation of the
chargers' design. They have investigated the best
times, places, and how the weather affects using
various renewable energy sources for charging
(Shepero,et al,2022).

The majority of prior research has been on optimizing
the conventionally accessible sources—such as
thermal power, hydro power, etc.—for the purpose of
charging electric cars.

C. Scenarios for the Canary Islands by 2040: A
Practical Application Case The approach described in
the preceding part has been applied to a scenario
where all vehicles will be electric by 2040 in the
Canary Islands. Under the application circumstances
of communal mobility policies, the scenario
illustrating high penetration has been carried out. An
international initiative to lower carbon emissions
from energy consumption includes this analysis. This
paper examines the joint impacts of solar PV
generation and the inescapable rise in demand for
electric vehicles. Synergies between the integration
of solar PV power and the broad use of EVs have
been investigated within the framework of these
policies.

Through this junction, we want to improve the
sustainability and environmental friendliness of the
energy landscape by using clean energy sources for
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both power generation and transportation. The
delicate relationship between solar PV and EVs
provides an insight into the potential revolutionary
influence on the Canary Islands' overall
environmental sustainability, emission reductions,
and patterns of energy use. This part develops the first
results of solar PV performance and synchronizes it
with the various EV charging options taken into
consideration, while also displaying the suggested
scenario for the Canary Islands for 2040.

Even if the integration of EVs is now low, the EU and
the Spanish State have committed to completely
decarbonising the economy by the middle of this
century as part of their long-term low-emission
policies. Furthermore, within ten years, the planning
goal of the Canary Islands and the Spanish non-
mainland territories is to advance conformity with
this criteria.

The Canary Archipelago's power demand is expected
to rise by almost 100% by 2040 compared to present
levels, with EVs expected to account for the majority
of this growth.

By 2040, it is predicted that the demand for electricity
would rise by 5.81 TWh/year, which means that EVs
will be responsible for more than 60% of this
predicted increase in demand. Special attention must
thus be made to the effect of EVs, as the electrical
systems of the Canary Islands are especially
vulnerable because of their relatively small size and
the inability of linking to a continental grid (Ravi et
al, 2022). The electrical infrastructure must therefore
ensure that generation, transmission, and distribution
expand at a pace that matches demand in order to
maintain service quality levels.

D. Artificial Intelligence in Electric Vehicles

For EVs to be widely adopted, their safety,
dependability, and economic viability are essential,
and Al may greatly enhance these qualities. The use
of Al in electric vehicle (EV) applications has
received a lot of attention; these applications may be
broadly categorized into three areas: range
optimization, EV control-system design and
optimization, and EV battery design, fabrication, and
management. This article will also highlight energy-
related material, such as the use of Al technology to
battery management and range optimization for
increased energy efficiency.

E. ML in research and development for batteries
Batteries, particularly lithium batteries, are essential
parts of electric vehicles (EVs) and provide the

vehicle's power source and energy storage. Individual
batteries are linked and constructed into battery
modules, which are then connected and combined
into an electric vehicle battery pack. The batteries
within a module and the modules within a battery
pack are connected in series and parallel to give the
required potential and capacity. Still, due to obstacles
in battery design and production to the battery
management and optimization during operation in
EVs, performance-related problems with present EV
batteries persist.

Lower energy density of the EV battery pack results
from limitations in battery design and manufacture,
which raises the cost of the battery pack. Furthermore,
range anxiety among users may be significantly
reduced by using EV batteries that utilise less energy.
ML strategies to address the aforesaid difficulties
have drawn more interest from academia and industry
in order to achieve improved energy efficiency,
customer perception, safety, and economic viability.
Machine learning has the potential to drive
improvements in battery energy efficiency and safety
as well as enhance customer perception of EV range
by expediting the identification and characterization
of battery materials and enhancing battery production
efficiency.

When combined with demand management strategies,
this makes sure that the inherent unpredictability of
user consumption does not impair the performance of
an electrical system. Instead, it encourages the
transfer of loads towards generation, which
encourages photovoltaic self-consumption, lowers
peaks, and fills in net load valleys with energy. When
there is an excess of unmanageable renewable energy,
EVs can help optimize synchronization between the
generation system and demand, reducing the
likelihood of spillage. However, EVs should not only
be viewed as a simple increase in electricity demand;
rather, they can be seen as an ally to provide greater
manageability.

Since it oversees all equipment operations and
analyses sensor data for status predictions and
decision-making, the BMS software is the brains
behind the whole system. A BMS's software should
be capable of managing cell balance, controlling
switching, creating dynamic safety circuits, and
tracking sample rate in the sensor module.
Furthermore, web-based data analysis and processing
are necessary for ongoing upgrades and management
of battery operations.

Since it impacts state estimate and problem
identification, robust and trustworthy automated data
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analysis is essential to success. This data will be
displayed to the user through an intuitive interface
that includes the required recommendations. SOH
and SOC calculations will be part of a capability
evaluation that uses state-of-the-art methods such as
fuzzy systems, artificial neural networks, state-space-
based models, etc. to define operating constraints and
show the battery's life status.

Cell balancing is wused to improve battery
performance  without overcharging or over
discharging; it brings cells with comparable SOC
values together. Using a thorough programme
depending on the amount of charge stored by each
cell, the controller will oversee the charging process.
Therefore, precisely calculating each cell's SOC is
essential to improving the balance. In order to detect
out-of-tolerance circumstances and provide battery
problem warnings, intelligent data assessment is
necessary. Historical information that depicts the pre-
alarm state prior to any problems will be preserved.
Users must have access to the important BMS data
through the interface. The remaining range need
should be visible on the dashboard, contingent upon
the state of charge of the battery. By means of alerts
and replacement suggestions, customers must also be
made aware of the anticipated lifespan and capacity
of the said battery.

VIL CONCLUSION

Al-based techniques are becoming more and more
common as a means of enhancing dependability and
dynamic responsiveness, however there are still many
conventional approaches. As of right now, BMSs are
installed with a preset control algorithm that won't
change during the system's lifespan. In Khalid et
al(2021), With numerous warranties spanning from
five to ten years, the batteries do, however, have a
rather lengthy lifespan. Because of how long the
system will last, the operating environment may
change during that time.

Beyond only ensuring that its computations are
accurate, SOH and SOC are important for the BMS
(Jiang et al, 2021). A BMS is in charge of both
safeguarding the battery and informing the user with
information on the batteries. The instructions sent to
the battery, especially in Li-ion batteries, are
influenced by the estimations of SOH and
SOC(Ayadi, et al, 2022).

The crucial connection between EVs and the energy
society—which is made up of a large number of EVs,
charging stations, and power plants—will be

provided by next-generation management. To ensure
the BMS operates safely and effectively for EV
applications, it is imperative to have an accurate
prediction of battery voltage, heat generation rate,
and state of health under various situations.

A. Scope for further Research

Advanced management of battery modules is
required due to the growing number of onboard
batteries. Advanced management systems can be
distributed  or  centralized, among  other
configurations. The monitoring of battery dynamics
is made possible by the sophisticated management
system, which also focuses on enhancing battery
performance and the driving experience for the user.
The necessary functions include heat management,
battery equalization, charging control, problem
diagnostics, and battery modeling and state estimate.
Although the implementation of LIBs for EV
applications will be enhanced and transformed by Al
technology, it is difficult to use AI/ML algorithms in
practical settings for predicting and identifying
battery materials and assessing the status of the
battery system(Suresh,et al,2020).

B. Implications

Structure-property relations are a crucial correlation
in material science, and machine learning (ML)
techniques may be used to link data by building new
datasets or developing existing ones. Using a
predictive AI/ML technique makes it easier to turn
meta-data into statistical models by removing
complex and nonlinear patterns from training datasets.
The BMS's fault prognosis feature, which is an add-
on to its local fault detection feature, uses machine
learning and historical data to forecast or stop battery
system failures.
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