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ABSTRACT 

Despite the fact that hybrid electric cars offer many of the same benefits as hybrid 
automobiles, the primary difference is that the vehicles use an electric motor powered by an 
energy storage system that draws its energy from a secondary energy source such as batteries 
or a power grid to supplement the primary energy supply. The electric motor may also 
function as a generator, turning regenerative braking energy into electricity that is stored in 
the vehicle's energy storage unit, if one is available. It is common practise to incorporate a 
hybrid control method in an energy conservation analysis of a vehicle, which distributes the 
load across different operating modes, such as driving the vehicle. It is the purpose of this 
thesis to examine the introduction of an electric vehicle (EV) framework and the applications 
of this framework in combination with a hybrid energy storage system. This study presents a 
contemporary hybrid energy storage system for electric cars, which will enable for long-

distance endurance and cost minimization while also allowing for cost reduction. Based on 
the state of charge of the supercapacitor, this thesis proposes an optimal control method for a 
hybrid energy storage device constructed on a Lithium-ion battery capacity dynamic 
constraint rule-based control based on the capacity of the Li-ion battery. The use of an ANFIS 
controller results in better outputs with less distortion for hybrid energy storage systems.  

I.INTRODUCTION 

The country's petroleum reserves do not 
have adequate reserves to satisfy the 
country's requirements. The price of crude 
oil and natural gas imported from other 
countries fluctuates, and this has a 
significant impact on the price of crude oil 
and natural gas. The United States and 
China are both ahead of India  

In terms of total oil imports, India has 
dropped to the third position 
globally.Current estimates indicate that india 
relies on crude oil for 82.8% of its total 

petroleum needs, while natural gas imports 
make up 45.3% of the overall energy basket. 
To combat air pollution, which is closely 
linked to the consumption of petroleum 
products, there have been concerted efforts 
to reduce the use of these fules. Aside from 
that, because of the massive amount of 
crude oil imported, it places a tremendous 
economic burden on the people of India who 
live there. In order to reach these goals, we 
would need to increase our use of green 
renewable energies and nuclear energy 
while concurrently decreasing our 
dependence on fossil fuels, as previously 
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indicated. In terms of petroleum products, it 
is projected that motorised vehicles account 
for more than half of total petroleum 
product use. As a result, the use of these 
automobiles contributes to considerable air 
pollution, which has a negative impact on 
our natural environment. India's high 
dependence on petroleum products in the 
transportation industry is a key contributing 
factor to this situation. A direct outcome of 
this is that new innovations in the field of 
transportation such as battery-powered 
Plug-in Electric Vehicles (PEVs) and Plug-

in Hybrid Electric Vehicles (PHEVs) are 
gaining ground in the battle against 
greenhouse gas emissions and air pollution. 
Plug-in hybrid cars are electric vehicles that 
are recharged by utilising an external energy 
source, such as the electrical grid, to fuel 
their batteries. Plug-in hybrid vehicles are 
also known as plug-in electric vehicles 
(PEV). [5] Many causes have contributed to 
the recent electrification of transportation, 
including the need for more electricity, the 
need for greater economic development, and 
a range of other considerations. 
Additionally, for a period of time, the 
railroads were fortunate in that they were 
able to operate a great variety of various 
types of electric locomotives. 6 Trains are 
scheduled to proceed on a preset route; they 
are travelling from point A to point B. 
Receiving electric power from a conductor 
rail is made much more easy with the aid of 
pantograph slider slides, which may be 
found here. The definition's scope has been 
expanded. As a result of the wide variety of 
utility alternatives (UTOPIA) that they 
provide, it is more difficult for electric 
vehicles (EVs) to acquire 
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constructed on a Lithium-ion battery 
capacity dynamic constraint rule-based 
control based on the capacity of the Li-ion 
battery. The use of an ANFIS controller 
results in better outputs with less distortion 
for hybrid energy storage systems. The 
country's petroleum reserves do not have 
adequate reserves to satisfy the country's 
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requirements. 

 

and air pollution. [3] Aside from that, 
because of the massive amount of crude oil 
imported, it places a tremendous economic 
burden on the people of India who live 
there. In order to reach these goals, we 
would need to increase our use of green 
renewable energies and nuclear energy 
while concurrently decreasing our 
dependence on fossil fuels, as previously 
indicated. In terms of petroleum products, it 
is projected that motorised vehicles account 
for more than half of total petroleum 
product use. As a result, the use of these 
automobiles contributes to considerable air 
pollution, which has a negative impact on 
our natural environment. India's high 
dependence on petroleum products in the 
transportation industry is a key contributing 
factor to this situation. A direct outcome of 

this is that new innovations in the field of 
transportation such as battery-powered 
Plug-in Electric Vehicles (PEVs) and Plug-

in Hybrid Electric Vehicles (PHEVs) are 
gaining ground in the battle against 
greenhouse gas emissions and air pollution. 
Plug-in hybrid cars are electric vehicles that 
are recharged by utilising an external energy 
source, such as the electrical grid, to fuel 
their batteries. Plug-in hybrid vehicles are 
also known as plug-in electric vehicles 
(PEV). [5] Many causes have contributed to 
the recent electrification of transportation, 
including the need for more electricity, the 
need for greater economic development, and 
a range of other considerations. 
Additionally, for a period of time, the 
railroads were fortunate in that they were 
able to operate a great variety of various 
types of electric locomotives. 6 Trains are 
scheduled to proceed on a preset route; 
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electric vehicle, which makes it very 
challenging. 

 

Block diagram 
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III.PROPOSED SYSTEM  

 

employed to optimize the charging and 

discharging process, improving efficiency 

and stability.The proposed system consists 

of a bidirectional DC-DC converter and 

an ANFIS controller for managing electric 

vehicle charging and discharging processes. 

Bidirectional DC-DC Converter: 

1. The converter allows power flow in two 
directions: from the grid to the battery 
during charging and from the battery to the 
grid during discharging (vehicle-to-grid or 
V2G operation). 
2. The bidirectional capability ensures 
energy can be efficiently stored in the 
vehicle's battery and also supplied back to 
the grid when needed, enhancing grid 
stability and supporting energy  
3. management in renewable energy-based 
systems. 

ANFIS Controller: 

1. The Adaptive Neuro-Fuzzy Inference 
System (ANFIS) controller is used to 

optimize the charging process by learning 
from the system's behavior and adjusting the 
power flow dynamically. 
2. The ANFIS controller combines the 
benefits of neural networks and fuzzy logic 
to handle the uncertainties and nonlinearities 
of the system, ensuring optimal performance 
under various conditions. 
3. It regulates the charging current, ensuring 
the battery is charged efficiently while 
maintaining a balance between the grid and 
the vehicle's energy requirements. During 
discharging, it ensures smooth power 
delivery back to the grid without 
overloading the system. 

Charging and Discharging Modes: 

1. Charging Mode: In this mode, the EV 
draws power from the grid, and the 
bidirectional converter regulates the voltage 
and current to ensure efficient and safe 
charging. The ANFIS controller monitors 
the state of charge (SOC) of the battery and 
adjusts the charging rate accordingly. 
2. Discharging Mode (V2G): In this mode, 
when the grid requires additional power, the 
EV’s battery can supply energy back to the 
grid. The converter facilitates the reverse 
flow of energy, and the ANFIS controller 
ensures the discharge is controlled to avoid 
battery degradation and grid instability. 

Energy Management: 

1. The system provides an intelligent energy 
management framework, enabling efficient 
utilization of EV batteries as distributed 
energy storage units. The ANFIS controller 
dynamically adjusts the power flow based 
on grid demand and the vehicle’s SOC, 
ensuring optimal performance. 
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IV.CONCLUSION 

 

 

 

 

longer lifetime and improved accuracy for 
such storage systems. 
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