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Abstract: Early in the middle of the 1800s. Up until about 1900, the automotive land speed record was held
by an electrical vehicle. Unfortunately, internal combustion engine vehicles did not do well in the market due
to their high cost, limited speed, and short range in the 20th century, which resulted in a global fall in their use
as private motor vehicles. Since there are no fuel emissions into the environment, there are important uses for
electrical vehicles, Electric cars, or EVs, have a closed circuit, cheap operating costs, no maintenance
requirements, and excellent performance. The goal of this project is to assess the current state of electric
vehicles and the issues surrounding the global advancement of electric vehicle technology. Because of the
changing climate.
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1. Introduction

Since the internal combustion engine was developed and used in wheeled automobiles towards the
end of the 19th century, as illustrated in Figure 1 below, motorcars have been a source of pollution
due to the emissions of greenhouse gases (GHGs) and carbon-based emissions into the environment.
It is thought that driving an electrical vehicle can signifi-cantly lower greenhouse gas emissions.
However, EVs’ limited driving range, high initial cost as compared to traditional fossil-fueled cars,
and charging issues make them difficult to utilize. Growing concerns are raised by harmful
emissions, transportation operations, and investment by various OEMs.In the next years, there will be
more affordable EVs. The global adoption of electric vehicles can be aided by the following factors:
advancements in technology, lower vehicle costs, incentives for buying vehicles, parking benefits,
and well-developed public charging infrastructure. The entire share of EVs in the market is limited
due to the extremely low manufacturing of EVs. Electric vehicles (EVs) can be classified as: i)
electric two-wheelers (E2Ws), such as electric bicycles and scooters; ii) three-wheelers, such as E-
rickshaws; and iii) four-wheelers, which include electric cars. The electric car manufacturer uses
cutting-edge technology to create automobiles that are cheap. The only market-leading manufacturers
of BEVs and HEVs [1].
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Figure 1. Robert Anderson’s Electric Vehicle, 1832.

1.1. Background

Diverse frameworks in disparate geographic places define EV. The framework in-cludes the
following: household activity pattern, hybrid particle swarm optimization, ant colony optimization,
driving pattern recognition, stochastic model, trip prediction model, probabilistic model, fuzzy based
model, data mining model, forecasting model, distributed optimization, hybrid particle swarm
optimization, and multi-objective classification of electric vehicles.

1.1.1. Types of Electric Vehicles

Numerous nations have seen economic revitalization, and the global EV industry is expanding
at an impressive rate. Hybrid Electric Vehicles (HEV), Plug-in Hybrid Electric Vehicles (PHEV), and
Battery Electric Vehicles (BEV) are the three categories into which the vehicles can be divided.

a. Anengine plus an electric motor make up a hybrid electric vehicle. Here, as seen in Figure 2 below,
the engine and the energy produced during braking and deceleration are used to charge the
batteries. Within them.

Hybrid Elecinc Vehicle

Figure 2. Hybrid electric vehicle.
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b. As a result of combining an electric motor and a combustion engine as a power converter, these
cars are currently known as hybrids. Hybrid electric vehicle technology is widely used because of
its many benefits, including providing modern performance without the need for charging reliance
on infrastructure. Through the concept of electrification of the powertrain, they can also significantly
lower fuel consumption.various HEVa series hybrids, power-split hybrids, and parallel hybrids.
The electric motor in a series hybrid is the only source of power for the wheel. Either the
generator or the battery provides the motor with power. Here, an IC engine is used to charge
the batteries so that an electric motor can run. The computer determines how much power
comes from the engine/generator or the battery. The battery pack is energized by both the use of
regenerative braking and the engine/generator [2]. Larger battery packs and massive motors
paired with small internal combustion engines are typical features of the HEV series. They are
supported by ultra-caps, which work to increase the battery’s efficiency and reduce loss.

The advantages of using a series hybrid drive train are

i The electric motor’s ideal torque-speed characteristic eliminates the need for several gears.
ii. The internal combustion engine and drive wheels can work within their specific,small optimum
region thanks to a mechanical decoupling mechanism. Still.

A series hybrid drive train has some disadvantages.
i. As aresult of the energy being transferred twice—from mechanical to electrical and back again—
the total efficiency will be lowered.

ii. Because it is the only source of torque for a driven wheel, a large traction motor and two electric
machines are needed in this situation. Due to their ample area for their big engine/generator
combination, these vehicles are frequently employed military vehicles, buses, and commercial
vehicles [3].Compared to a series HEV drivetrain, there is less flexibility in the mutual
positioning of powertrain components and less energy waste when the engine of a parallel hybrid is
directly connected to the wheels. In this case, the engine, the motor, or the combustion of the
engine and motor provide the power.

a. Plug-in hybrid electric vehicle

An electric motor and an internal combustion engine make up a plug-in hybrid electric vehicle
(PHEV). as depicted in Figure 3 underneath. These cars run on gasoline and feature a sizable
rechargeable battery that is fed energy to charge it. Plug-in hybrid electric vehicles offer the following
advantages: Launched in China in 2015, the largest solar-powered charging station can charge up
to 80 electric vehicles in a single day. Additionally, a pilot study was started in Shanghai to test the
electric vehicle’s capacity to use the electric grid as a sustainable power source. In 2015, Japan also
added more solar-powered photovoltaic electric charging points than gasoline stations. In 2018, the
top five nations selling electric vehicles were China, European nations, Globally, a lot of research has
been done on hybrid electric cars. Galus and Andersson (2008) published related research using an
agent-based approach, whereas Waraich et al. (2013) employed micro-simulation for plug-in hybrid
electric vehicles based on individual objectives and technical restrictions. Yang et al, 2007 [2]
developed model-based non-linear observers (MBNOs) specifically for hybrid electric vehicles
(HEVs) to estimate the torque of permanent magnet synchronous motors. Wu et al., 2016 [3] studied
the stochastic framework for plug-in electric vehicle energy storage and smart home energy
management. solar energy power source. For the best control, an 85 kWh battery pack from Tesla
and a 24 kWh battery pack from Nissan Leaf provide approximately 493.6 percent and 175.89 percent
less power. Ideal management. By constructing a feed-forward model to investigate the best energy
management technique, Zou et al., 2013 [4] investigated the heavy-duty parallel hybrid electric
vehicle in China and found that the dynamic programming algorithm increases the hybrid-electric
truck’s mileage. A different study conducted in China by Hu et al., 2017 [5] found that convex
programming with an optimal control scheme is incredibly accurate compared to dynamic
programming, which operates at a speed of about 200 times faster. In essence, the 0.85usd daily cost
is less than that of the hypothetical PHEV scenario. In a related work, Wu et al., 2016 [6] in
Chengdu, China, optimized the distribution of electric power among utility grids using a stochastic
dynamic programming problem. demand for electricity at home and plug-in electric car batteries.
In a study carried out in China, Hu et al., 2016 [7] discovered that as fuel cell service life advances,
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capacity choice can be flexible and life cycle cost can be reduced. Their method outperformed the
current one by 1.4 percent when they used a 10 Ah Oli battery. The life cycle cost of Li batteries, both
large and small, is higher. According to Bashash etal., 2011 [8], a PHEV’s charge pattern is optimized
by the multi-objective genetic algorithm. Not only does it reduce the need for gasoline and energy,
but it also lessens the overall decline in battery health during a 24-hour realistic drive cycle. The ideal
charge pattern’s Parfrontfont is is derived from this optimization’s outcomes. According to this
Pareto typeface, the battery deterioration and energy cost must be kept to a minimum in order to
provide rapid charging of PHEVs. The electrochemistry-biased model of anode-side SEI formation
in lithium-ion batteries is used to reach the result. One of the main factors controlling the battery’s
deterioration is SEI development. In a study on the effects of PHEV penetration into the power grid,
Hadley and Tsvetkova, 2009 [9] discovered that the kind of generation utilized to recharge PHEVs
and emissions is highly dependent on the location and time of recharge. According to driving
patterns, Kelly etal.,, 2012 [10] examined the PHEV’s load profile charging and gasoline usage in the
USDOT’s National Household Travel Survey. information. They used data from 17,000 electric cars
to track the state of charge (SOC) of the batteries in order to calculate the quantity, quality, and timing
of gasoline use for a fleet of plug-in hybrid electric vehicles. They also looked at the features of
PHEVs in terms of charging time, location, battery size, and charging rate. [11] carried undertaken a
similar analysis on the difficulties and potential legislative solutions for integrating PHEVs into the
electrical grid.

Plug-in Hybnd Electnc Vehice

Pl Tark {mitonc)

Traction Bumery Pack

rosm—
Figure 3. Plug-in hybrid electric vehicle.

b. Battery electric vehicle

The battery-electric car, commonly known as the Bea V, is an all electric car. Figure 4 below
illustrates how it works. Instead of a gasoline engine, it is powered by large capacity rechargeable
battery packs that can be charged externally. The internal electronics and electric motor of a battery-
electric vehicle are powered by chemical energy that is stored in rechargeable batteries. In addition
to lowering carbon dioxide emissions from the fleet of light-duty cars, BEVs could lessen reliance on
fossil fuel-powered automobiles (Andwari et al., 2017) [12]. According to market estimates, BEVs
accounted for over 70 percent of commerce in 2017 and are predicted to continue to expand in the
years to come. Even though BEVs outsold PHEVs in several countries until 2014, PHEV sales have
increased significantly over the previous two years to nearly equal BEV sales. Lead-acid batteries,
nickel-metal hydride batteries, and lithium-ion batteries are the three types of batteries that are now
available on the market. Similar categories of literature examine the comparative approach to
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estimation. The two-step technique developed by Andy et al., 2010 [20] divides road traffic and
demands into a hierarchy of clusters organically and automatically. Then, stations are assigned to the
demand cluster through optimization using linear programming. This work is thought to be helpful
for establishing a refund fuelling mechanism for BEVs in an urbanized area and for city planning
purposes. A comparative analysis of the estimating technique and various methodologies utilized in
hybrid and battery electric vehicles was conducted by Cuma Koroglu, 2015 [21]. BEVSs, or battery
electric vehicles, meet two requirements. For example, a battery powers an electric motor in place of
the ICEV and the tank, and when the battery is not in use, the vehicle is plugged into the charging
port [22-24].The lead-acid battery’s SOC can be estimated using the method described in [25-28].
look at the conventional techniques such open circuit voltage and ampere-hour (Ah) counting. The
Fuzzlogic-based approach was utilized to estimate the state of charge (SOC) of sealed lead-acid
batteries. Robotat Salmasi, 2007 [29] used the locally linear model tree (LOLIMOT) approach, a type
of neuro-fuzzy network, to determine the SOC online. Lithium-ion batteries are taken into
consideration by hybrid and electric cars because of their high power, extended lifespan, and energy
[30,31].An electric vehicle (EV) can be classified according to its technological attributes, such as its
driving range, battery charging time, and maximum load capacity. The consumer is upset by two
crucial features: the charge time and the driving range. The capacity of the battery and the types of
batteries used are the primary factors that affect charging time. With each charge, the driving range
might range from 20 to 400 kilometers [32]. Similar to this, some EVs have a top speed of 160 km/h
and a charging time of less than 8, albeit some have higher top speeds. Tanzania is one of the emerging
nations where the hybrid electric vehicle has been a growing interest in recent days due to the
significant improvement in EVs. In future, a lot of innovations are expected to change the EV scenario
as EV manufacturers look forward to reducing the production cost.

Figure 4. Battery electric vehicle.

1.2. Hybridisation Factor

The cars can also be categorized based on how hybridized they are. Mileage, some-times
expressed as miles per gallon (MPG) or miles per gallon gasoline equivalent (MPGe), is improved via
hybridization of automobiles. Plug-in hybrid electric vehicles (PHEVs) can use MPGe since 33.7 kWh of
electrical energy is equal to one gallon of gasoline [33].The ratio of the total power from the electric motor
to the overall power is known as the hybridization factor for electric or hybrid vehicles.where PEM stands
for total electrical power motor and PIEC is the total power of an internal combustion engine. HF is 0
for a conventional car.

2. Objective of the Research

d0i:10.20944/preprints202406.1200.v1
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2.1. To Identify the Existing Situation of Electric Electrical Vehicles

Due to the low power of a single transaction, electric vehicles do not have any trans-actions in
the electricity market [34]. Several writers [35-40] examined an exogenous current practice for the
estimation of current that was predetermined for shifting scenarios. It is important to have flexible
load and intelligent charging procedures in order to fully utilize an electric vehicle. According to a
different research by [41], EV users banded together to inform the aggregator about timing and
energy requirements.

While the battery level satisfies the energy need, the timeliness requirement establishes the
deadline for finishing a charging procedure. According to a related study by [42], a decentralized
framework and a central. The stochastic simulation approach of an electric vehicle was examined by
Brady and Mahony, 2016 [43] in order to generate a dynamic trip itinerary and charging profile for the
purpose of EV propulsion in the real world. They came to the conclusion that both the accuracy of
the parking time distribution and the model as a whole would rise with greater parking time
distribution circumstances. After researching a few electric vehicle owners, Morrissey et al., 2016 [44]
found that they prefer to charge their cars at home in the evening, when demand for power is at its
highest. In asingle, large-scale Irish energy market, Foley et al., 2013 [45] examined the effects of EV
charging under peak and off-peak charging scenarios. They discovered that peak charging is more
harmful than off-peak charging.Doucette and Mc Culloch, 2011 [46] conducted a study on the BEV
and the PHEV to determine their carbon dioxide emission level and compared their results with CO2
emission from Ford Focus. Steinhilber et al., 2013 [47] studied the essential tools and strategies for
introducing new technology and innovation by exploring key barriers to an EV in two countries. Yu
et al., 2012 [48] introduced a driving pattern recognition technique for evaluating the driving range
of the EVs based on the trip segment partitioning algorithm. Hayes et al., 2011 [49] investigated
different driving conditions and topographies by building up a vehicle model. Salah et al., 2015 [50]
studied the EVs charging impact on Swiss distribution substation and found that higher penetration
level and dynamic tariff increases the risk of overloads at some locations. These parameters are then
compared with each other by their range type. The impact of various classifications of charging
methodology of electric vehicles on the national grid and the storage utilization has been presented
by [51-55] studied the model-based non-linear observers for estimating the torque of permanent
magnet synchronous motor for hybrid electric vehicles. The maximum transmissible torque method
is determined by [56,57] for increasing the antiskid execution of the torque control framework and
to improve the stability of the Electric vehicles. Lu et al., 2013 [58] made a review of key issues for
Li-ion battery management in an Electric vehicle. The issue such as the voltage of the battery cell,
battery state estimation (battery SOC, SOH, DOD, and SOF), battery equalization, and uniformity
and fault analysis of the battery can provide motivation for the research and design of the battery
management system. Reviews on optimal manage- ment strategies, energy management systems,
and the declining approaches for electric vehicles were studied by [59-61]. EVs can also interact with
the grid via charging and discharging. Different modes of interfacing with the grid, are Grid-to-
Vehicle (G2V), Vehicle to Grid (V2G), and Vehicle to Building (V2B). While the car discharges power
to the grid in V2G, the EV receives grid power in G2V. The capacity to regulate the two-way flow of
electrical energy between a car and an electric grid at regular intervals is a feature of vehicle-to-grid
technology (V2G). The vehicle to grid system refers to the integration of electric vehicles into the
electrical grid. Here, energy enters and exits the car, transforming it into a transportable battery bank.
Energy is transferred from the battery to a building in V2B.As the EV market grows, the adoption of
EVs should be the main focus, rather than only the intervention. It’s also critical to take into account
the discrepancy between intended and actual behavior. The main research gap in the current study
is consumer awareness and abilities for assessing and comparing the cost and financial value of EVs.
Policymakers and marketing experts may find it useful to understand the financial benefit and cost of
electric vehicles (EVs) as a result of future research on customer education.

2.2. The Problem Concerning the Rise of Electric Vehicle Technology worldwide

e  Vehicle servicing
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In order to take proper care of the electric car, a trained technician should be available to repair,
maintain, and find troubleshoot the electric vehicle. They must be able to apply their skills to rectify
the problem as quickly as possible.

e  High capital cost

The battery packs of an electric vehicle are expensive, and also it needs replacement more than
once in its lifetime. Gas- powered cars are cheap when compared with electric vehicles.

e  Consumer perception.

In order to draw in new business and keep hold of current clientele, consumer impres-sion is
essential. Even if the selection of electric cars on the market is expanding and is predicted to do so
for some time, purchasing an electric car is still not as easy as it once was. Thus, customers should
be aware of what the business is offering them through social media, advertising, or other channels.
Studies reveal that the adoption of electric vehicles can be directly impacted by a lack of understanding
of government programs, the financial advantages, and car technology.

*  Raw materials for batteries

Lithium, nickel, phosphate, manganese, graphite, and cobalt are among the rare earth elements
used as raw materials in EV batteries. The materials aluminum, copper, and steel are needed for
an internal combustion engine. Palladium, rhodium, and platinum are needed by combustion car
catalyzers in order to filter harmful gasses. These are all rare materials, and there might not be
enough of them to be used in the manufacturing of batteries. The lithium-ion batteries alone use five
million tons of nickel annually, which might eventually result in ten to twenty times as much use of
cobalt and lithium.

*  Battery lifespan/efficiency

The fuel tank and gasoline engine of a conventional car are typically replaced with electric
motors, batteries, chargers, and controllers to make an electric car. Since EV batteries are made to last
a long period, they eventually wear out. For their batteries, the majority of manufacturers currently
provide warranties of eight years or 100,000 miles.

2.3. Driving Range of Electric Vehicle

A driving range is recognized as the main barrier of Electric vehicle typically because EVs has a
smaller range as compared with the equivalent ICE vehicle. The distance an electric vehicle can
travel on a full charge or full tank is considered a significant drawback to uptake the EV in the global
market. Most of the BEVs give less than 250 kilometers of driving range between recharges.
Nevertheless, 400 km is an option for some of the most recent models [68]. Because internal
combustion engines that run on liquid gasoline are now available, plug-in hybrid electric vehicles
(PHEVs) may travel 500 km or more. The choice to take a long-distance trip might not be available
to the driver, therefore they must carefully plan their route. Because of this, the driving range’s size
acts as a barrier. Charging time Charging time is closely related to the issue of driving range. With a
slow charger, the EV can take up to 8 h for a full charge from the empty state using a 7 kW charging
point. The charging time mainly depends upon the size of the battery. Bigger the size of car batteries,
the longer the time it takes to recharge the battery from empty to full state. Also, the charging time of
the battery directly depends on the charging rate of the charge point. The higher the charging price
of the charge point, the lower will be the time taken by the battery to get fully charged. In the current
scenario, rapid chargers are used to charge the vehicle in a faster way reducing the time required.
The commercially available electric cars are compatibles with charge points having a higher maximum
charge rate than they can handle. This indicates that the battery can be charged at a maximum rate
it can handle without any fault. However, the charging rate of the battery with a rapid charger reduces
with a decrease in temperature or at cold temperature. The EV chargers are categorized in accordance
with the charging speed at which their battery gets recharged. Three basic methods of charging
electric vehicles exist: DC fast, Level 1, and Level 2. Level 1 charging makes use of an integrated
converter to convert AC to DC, enabling the use of a regular 120 V plug. The EV can be charged in
8 hours using 120 V outlets, giving it arange of about 120-130 kilometers. In essence, level 1 charging
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takes place at home or at the office. Usually, 240 V outlets are available for charging in public spaces
or workplaces, where level 2 chargers are installed. The battery may be charged in 4 hours for a 120
130 km range. When using DC fast charging, the charging station with the fastest fast charging setup
is where the AC to DC conversion takes place way. It can charge the battery in 30 min for a range of
145 km.
e  Safety requirements of electric vehicle

The Electric vehicle must meet the safety standard as specified by state or local regula-tion. The
batteries should also meet the testing standards that are subject to conditions like overcharge,
temperature, short circuit, fire collision, vibration, humidity, and water immersion. The design of
these vehicles should be such that they should have safety features like detecting a collision, short
circuits, and should be insulated from high voltage lines. The government of India intends to fund the
nation’s EV charging infrastructure in an effort to hasten the electric vehicle revolution in that nation.
Re-cently, the ministry of electricity made it clear that an EV charging station does not need a license
to operate in India, which might improve the infrastructure of EV charg-ing stations around the
country. In addition to offering incentives and exemptions to EV consumers and lowering the
relevant rate of Goods and Services Tax (GST) on Li-ion batteries, the government should also offer
incentives to transition the public transportation industry to electric cars.
¢ Charging infrastructure

More charging infrastructure is required for a larger number of electric vehicles and hence,
higher demands for electrical energy. Due to the lack of existing charging infrastructure,the sale
of the electric vehicle is low. From an engineering perspective, EV makers should recognize the value
of charging batteries so that discharge batteries can be swapped out with fully charged ones. The
charging station can schedule battery charging for off-peak hours at a discounted electricity rate. Since
owners would need to charge their electric vehicle at home before leaving for the day, there ought
tobe a way to set up a charging station for this car. When there is no infrastructure for charging at
home, people would much rather charge their cars at work or at an appropriate station, which may
require them to stop for up to three hours. Like home and work, this kind of setting is perfect.option.
It may also be noted that for fast charging of 30 min or less, the EV must be capable of taking high
current and voltage or both. This will not only increase the cost of the EV but also have a negative
impact on the life of the battery. So, a combination of slow and fast chargers could be the best option for
EVs.
e Battery recycling

Although they are typically designed to last only as long as the vehicle, electric ve-hicle batteries
eventually run out of power. When a battery needs to be replaced after its warranty has expired,
replacing the old battery with a new one increases costs. However, manufacturers do not provide
accurate information on replacement battery pricing. Batteries’ chemical components, such as lithium,
nickel, cobalt, man-ganese, and titanium, not only make the supply chain more economical but also
pose environmental risks when the battery pieces are scrapped.

3. Research Scope

The primary goals of the research are to determine the current state of electric vehicles, address
issues related to the global advancement of electric vehicle technology, and develop a suitable solution
to the problems associated with operating battery-powered vehicles.

4. Methodology

We have researched the several kinds of electric cars that are now on the road world-wide. In
addition, we now understand the obstacles facing EVs in the global market. In the proposed
approach, many optimization techniques are also discussed. The goal of this research is to determine
the current state of electric vehicles and the issues surrounding the development of electric vehicle
technology, as was indicated in the Introduction section. This idea leads to the investigation of a
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fictitious situation in which, by 2040, all cars on the planet would have been replaced by plug-in
hybrid electric vehicles (PHEVs) and pure electric vehicles (PEVs).

5. Result and Discussion

5.1. Less Petroleum Use

A PHEV uses between 30 and 60 percent less oil than a traditional car. Plug-in hybrids lessen
reliance on oil since most electricity is generated domestically. Greenhouse gas emission A PHEV
often produces fewer greenhouse gas emissions than a traditional car. However, the method used to
generate electricity affects how much gas is released. For instance, power plants using hydropower
and nuclear energy are cleaner than those using coal.

5.2. Recharging Takes Time

Recharging can take one to four hours when using a 240 V home or public charger, however it
can take many hours when using a 120 V domestic outlet. An item can be quickly charged to up to 80
percent of its capacity in about 30 minutes. Still, these vehicles don’t need to be plugged in. They
only run on gasoline, but they won't operate as effectively or for as long without a charge. For
combined city-highway travel, the Environmental Protection Agency provides a fuel efficiency
estimate that accounts for the usage of a plug that can run on gasoline, electricity, or a combination of
the two.

6. Conclusion

Though the components of batteries used in electric vehicles are taken from brine or mines in
the desert, these vehicles do not typically affect the environment. The mining industry is not
significantly impacted by this extraction. Since the use of EVs is expected to rise in the near future,
the development of efficient batteries is given top importance. Better BTMS is challenged by the heat
degradation of the batteries, which impacts the EV’s range. Controlling the battery cell’s temperature
in order to prolong its life is the primary goal of the BTMS. When it comes to energy storage in electric
vehicles, Li-ion batteries are typically the favored choice. Numerous issues exist, including low
efficiency at both high and low temperatures and aloss in electrode life at higher temperature the direct
effect on the performance, reliability, cost, and protection of the vehicle, and safety issues related to
thermal runaway in lithium-ion batteries. For an electric car to be successful over the long run, one
of the most important pieces of technology is an efficient thermal battery management system. The
ideal operating temperatures for Li-ion batteries are typically between 25 and 40 degrees Celsius.
The life of these batteries is shortened when their temperature rises above 50 °C.
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Abbreviations

The following abbreviations are used in this manuscript:
ICEV Internal Combustion Engine Vehicles

HEV Hybrid Electric Vehicles

BEV  Battery Electric Vehicle

AEV  All-Electric Vehicles

EVs  Electric Vehicles

PEVs Plug-in Electric Vehicles

PHEVs Plug-in Hybrid Electric Vehicles

FY Fiscal Year

OEM Original Equipment Manufacturer
MBNOs Model-Based Non-Linear Observers
PMSM Permanent Magnet Synchronous Motor
MTTE Maximum Transmissible Torque Estimation
V2G  Vehicle-to-Grid

UBIS User-battery interaction style

EDV  Electric Drive Vehicle

SOC  State-of-Charge

SOF  State-of-Function

SOH State-of-Health

DOD  Depth of Discharge

NiMh Nickel Metal Hydride Battery

LOLIMOT  Locally Linear Model Tree

cr Convex Programming

Dpr Dynamic Programming

SDP  Stochastic Dynamic Programming
TWDPNN  Time weighted dot product based nearest neighbor
MPSF Modified Pattern Sequence Forecasting
SVR  Support Vector Regression

RF Random Forest

BTMS Battery Thermal Management System

HF  Hybridisation Factor
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