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Abstract: Recently, there has been a huge increase in the usage of fuel resources for automobiles which is severely

affecting the climate and causing global warming. The use of electric vehicle (EV) is an effective way to protect the

environment and reduce travel costs. However, the EV charging system has a single charging source, and the

charging rate is limited. In this paper, an EV wireless charging system based on dual source power supply has been

developed. It realizes intelligent switching between 12 V photovoltaic output and 220 V AC dual source power, and

has wireless transmission function. Based on the proposed power supply architecture, the micro wireless charging

model is built, which enables the EV model to store power and realize static and mobile control through the wireless

induction charging system.
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0 Introduction

The research and development of electric cars
have accelerated because of the current altering cli-
mate conditions. An efficient energy management
system and green energy are the main research
trends in recent years with the utilization of solar en-
ergy to produce electric power''’. To reduce pollu-
tion and global warming, people are becoming more
and more aware of the necessity of converting their
fuel-operated automobiles to electric automobiles'®.
Electric vehicles require a lot of time to charge at
charging stations. Therefore, an inductive wireless
charging system is an efficient way to charge electric
cars in motion and stationary conditions. Further-
more, this unique wireless charging technique can
reduce power losses and allows travelers to save
time'®*. An integrated autonomous street light sys-
tem enables the most effective energy storage sys-
tem. These streetlights are automatically switched
on as needed when the vehicles are in motion on the

road and turned off automatically when there is no
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motion. This enables the storage of energy and is
used when required”’. A digital power bank module
is used to save the DC power that is produced by the
solar module. To step down the AC voltage, the
stepdown transformer is used, which is further con-
verted into DC Volts. The 16 V relay-based change-
over circuit is deployed in this model for load balanc-
ing under power outages. Moreover, a specific cop-
per coil is used in the transmitter for transmitting
power and the receiver (installed beneath the car)
for receiving power'®’. In this model working on in-
ductive coupling, power fluctuation occurs when
there is no wireless connection between the receiv-
ing coil and transmitter coil when the car moves
away from the transmitting coil and the magnetic
field affects human health'”.

The proposed model’ s major objectives in-
clude building a system that employs renewable re-
sources to prevent pollution, minimizing green-
house gas emissions, and offering a better and more
effective charging system. In this work, a dual-

source wireless charging system has been used
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which has the potential to reduce charging time'®’. In
addition, the wireless inductive charging system is
applicable to charge the electric vehicles during the
motion. Another benefit of this approach is cost sav-

ings and less noise pollution'”’.

1 Block Diagram Explanation

The working footsteps of the proposed model is
shown in Fig. 1. There are two power supply sys-
tems: One is renewable energy (solar panel) and the
other is an AC voltage source. DC voltage from the
solar panel is transferred to the power bank module,
which stores energy in the battery and then transfers
energy to the changeover circuit. AC voltage is sup-
plied to the step-down transformer and then convert-
ed into DC voltage. Furthermore, it can be seen in
the block diagram the “Atmega controller” is used to
control the streetlight with the help of light depen-
dent resistor (LDR) and infrared (IR) sensors. In
addition, a wireless transmitter transmits the power
to the receiver side where AC voltages are converted
into DC voltages. This converted power is then fed
to the “Auto-cutoff” charging circuit to charge the
battery. And at this point, the battery charging volt-
age and receiving voltage can be noticed on the volt-
age detector 3-segment LCD. The design specifica-

tion for power supply is shown in Table 1.

Arduino based street light system
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Fig.1 Block diagram of dual source energy EV wireless

charging booth

(1) AC voltage source
This is the normal 220 V AC voltage at which

different appliances are operated in our home. This

Table 1 Design specification for power supply

Components Output/Input
Solar module 12V

5V Charger 12V/5V

9V Supply 220 VAC/ 9V DC
4V Charger 48V/4V

operated AC voltage is produced from conventional
power generation systems like coal or nuclear power
plants.

(2) Volts power supply

To use the 9 V power to supply a 12 V step-
down transformer, a bridge rectifier and an electro-
lytic capacitor are used in this proposed model. In
many applications where voltage adjustment and
electrical isolation are required, step-down trans-
formers are essential parts. They are available in a
variety of sizes and voltage ratios to satisfy diverse
needs. A step-down transformer has been used in
this project to convert 220 V into 12 V', Further-
more, a bridge rectifier (Diode 1N40007) has been
used in this prototype project. After rectification of
voltage, the electrolytic capacitor (Capacitor 50 V,
1 000 pF) has been connected across the output ter-
minals of the bridge rectifier to smooth out the puls-
ing DC voltage'®. In addition, a voltage regulator
IC has been used to create a consistent DC output.
From the bridge rectifier, the 12 V DC is fed to IC
7809, where a 12 V DC 1s converted into a 9 V DC
through a changeover circuit. This DC voltage 1s
supplied to the transmitter and the “Atmega control-
ler”.

(3) Solar module

To make the shift to cleaner renewable energy
systems and more environmentally friendly power
generation, solar modules are becoming more and
more popular as a source of renewable energy. The
solar system is now feasible for everyone due to ad-
vancements in efficiency and cost-effectiveness. In

this prototype model, a 5 W solar module is used

[10]

for the charging of batteries ”', as shown in Fig.2.

ey

A

Fig.2 Solar plate
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(4) Power bank

In this proposed model a modified 5 W charg-
ing circuit 1s used to charge the battery. The input of
the circuit is 12 V, and its output is 5V 2.1 A. Only
liquid lithium-ion batteries 3.7 Ah are employed in
this model and it is an overcharging-protected circuit.

(5) Buck booster

In this project, a buck booster is used because
these converters are flexible and ideal for a variety
of applications. This converter is used to step up the
battery output voltage from 5 V to 9 V to supply the
power for the wireless transmitter with the help of a

change-over circuit, as shown in Fig.3.

Fig.3 Buck booster converter

(6) Changeover circuit

A changeover circuit (Fig.4) provides a contin-
uous power supply. This module is used here to sup-
ply power to both the wireless transmission system
and automatic control street light system under over-
load conditions. The changer over the circuit has
two inputs connected to the buck booster and one
output which is connected to a wireless transmitter.

(7) Atmega328

Atmega 328 is a platform with open-source code

Fig.4 Changeover circuit

that can be modified and adapted to any instructions
and tasks that need to be completed. This board con-
tains an internal regulating mechanism that keeps
the voltage under control when the device is linked
to an external device. This controller has been used
in this model to control multiple functions with the
aid of different sensors and is applicable to control
the intensity of road lights with the help of IR and
LDR sensors.

(8) LDR

An LDR is a rheostat whose resistance changes
depend on how much light strikes its surface. Here a
LDR is used as a detector for automatic street
lights'"'.

(9) IR sensor

Infrared is denoted by the letter IR. This partic-
ular LED emits infrared light. It is a device (photo-
diode) that works as a transmitter and receiver. To
detect reflected light, the receiver continuously
scans for IR light from the transmitter. When an ob-
ject (car) is in front of the sensor, it is detected by
the receiver because the light is reflected after strik-
ing the surface"”.

(10) Copper coil for transmitter and receiver

The transmitter and receiver are comprised of a
power supply boost converter and copper wire.
Here, the voltage regulator, rectifier, capacitance,
resistance, and all of these components are connect-
ed to the transmitter circuit and receiver for the bet-
ter progress of the system. The design specification

of transmitter and receiver is shown in Table 2.

Table 2 Design specification for transmitter and receiver

. . . Number of Diameter/
Component Copper coil
turns cm
Transmitter coil 20 SWG 5 6
Receiver coil 20 SWG 15 6

(11) Auto cutoff charging circuit

In an auto-cutoff circuit, relays are the simplest
parts and serve as a bridge between low-power digital
electronics and high-power electronic gadgets. Here
this circuit’s main function is to charge a 4 V battery,
and also saves the battery from extra charging.

(12) DC voltage indicator LCD
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A three-segment DC voltage meter is devel-
oped here to specify the receiving voltage at the re-
ceiver and the charging voltage in the battery.

(13) Vehicle

In this proposed model, a manually operated
electric car has been developed mounted with front
and back lights. The receiving voltage indicator
LED and full or low charging indicator LEDs are al-

so mounted on this car.

2 Proposed System Analysis

block diagram, there are two circuits. One is for a
wireless charging system and the other is for auto-
matic street lights, as shown in Fig.5.

The 5 W solar module is used to feed 12 V to
the automatic cutoff 5 V battery charger circuit, as

shown in Fig.6.
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Fig.6 Automatic street light system (Arduino UNO Atmega328 controller)

Since the Arduino has five LED connections
that work as road lights and five IR sensors that are
mounted on the footpath of the road, the LEDs are
linked to the Arduino’s digital pins (D2, D3, D4,
D5, D6). The Arduino ground pin is used to create
additional LED lead wires. As a result, the Arduino’
s analog point is linked to the IR sensor’s common

pins. LDR is linked with Arduino’s bottom pin, and

its other lead is attached to the IR sensor’ s shared
pins. It can save a lot of energy and automatically turn
ON/OFF road lights according to the requirement.
A wireless charging system is proposed for
electric car charging. There are two different sorts
of sources for the wireless vehicle charging booth
system. One source of electricity is a 220 V AC to
9 V DC power supply, as shown in Fig.7, while
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Fig.7 9V power supply circuit

the other is a 5 W solar array that harvests energy
from the sun and stores it in a battery. To change
the AC 220 V into DC 9 V, some components such
as rectifier, capacitor, resistance, and 1C LM7809
are linked with 12 V stepdown transformer, as

shown in Fig.8.
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Fig.8 Changeover circuit

In this charging circuit, two 6 V DC relays are
used for automatic power switching. The change-
over circuit feeds the wireless transmission system
under overload conditions.

The transmitter is powered by a 9 V supply. It
is mounted beneath the PV road, 3.5 cm distance
from the receiver which is installed on the electric
car. Copper wire is used to make the transmitter,
and the transmitter coil is created by twisting the
wire as many times as was required. The diameter
of the transmitter coil is 6 cm and five turns of the
copper wires make it ready for induction. 20 SWG
is the standard wire gauge for copper wire. A high-
frequency magnetic flow is intended to be produced
by this transmitter circuit. The transmitter circuit
consists of a magnetizing inductor LLm, a resonant
inductor Lr, and a resonant capacitor Cr, because
the proposed model uses an LLLLC resonant convert-
er. The resonant network circulates the energy and
transmits it to the receiver coil, which has a specific

turn ratio needed to produce the correct output volt-

age.

This wireless system works on the induction
coupling principle, as shown in Fig.9. When an elec-
tric car crosses near the transmitting coil, the mag-
netic flux is produced in the transmitting coil which
induces the current in the receiver coil which is trans-
ferred to the battery after filtering the voltage. Cop-
per wire is twisted 15 times to produce the coil for
the receiver, which has a 6 cm diameter. SWG for
copper wire is 20. At the receiver side, the bridge
rectifier (1N4007 X 4) is connected to a coil of 20
SWG enameled copper wire measuring 6 cm in di-
ameter with 15 turns. Filter capacitor C2 is connect-
ed across the bridge rectifier’s output terminals. Ad-
ditionally, an IC 7805 positive voltage regulator has
been used to regulate the DC supply coming from
the rectifier and to convert it into 5 V DC.The im-

portant parameters are listed in Table 3.

--—-fRh-------s7----s--qr---------oooooo smooooo T
v E}_’ r Transmitter,! & i
1= ~—i— Receiver
e Pt Pal

Fig.9 Wireless transmitter and receiver circuit

Table 3 Important parameters

Parameter Value
Input voltage/V 12
Output voltage/V 4—5
Induced current AC/V 16
Frequency/kHz 1—2
Solar 12V.,5W

After rectification, the change in 5 V DC is fed
to the “Auto-cutoff circuit” before being provided to
the 4 V battery to charge it, as shown in Fig. 10.
The “Auto-cutoff circuit” is operated with the help

of different components such as a resistor, diode,
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Fig.10 4V battery auto cutoff charging circuit

transistor, LED, and 6 V relay. LED which is
mounted on an electric car shows the receiving volt-
age and charging voltage. This charging system
charged the battery to 20% in 1 min and to 100% just
need to wait for 5 min. When the electric car is mov-
ing and passes in front of the IR sensor, the IR sen-

sor sends the signal to the controller and LED lights

get “ON” and when left in this place it gets “OFF”
and vice versa. With the help of LDR, street lights
get “ON” at night and “OFF” in the morning.
Figs.11,12 are the simulation results of wire-
less systems for understanding their working. These
results show the accurate result of the proposed

model.
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Fig.11

Proposed model working results
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light system
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3 Applications and Hardware Re-

sults

The wireless vehicle charging booth system
can be installed in several places to save money and
time'"*". Electric vehicles may be charged at hotels,
hospitals, schools, colleges, universities, retail cen-
ters, and other places using this wireless charging

method. Furthermore, another prominent applica-

Wireless
transmission
system

4V battery auto
cutoff charger

Overall system working procedure

tion of the inductive charging system is the integra-
tion of stations into individual road segments to

charge EVs while driving.

4 Conclusions

The proposed model three systems, dual ener-
gy source supply system, automatic street light sys-
tem, and wireless power system, as shown in

Fig.13, are interlinked together. The manually oper-
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ated electric car with front and backlight is intro-
duced with an automatic battery management sys-
tem and also shows the indications of the charging
level of the battery with three colors of LED’s. The
streetlight operated with the help of Arduino At-
mega3d28, utilized two sensors LDR and four IR
sensors. The auto-switched circuit is arranged for a
continuous 9 V power supply to a wireless system.
The receiving voltage and induced current at receiver
side are shown in Fig. 14 which illustrates the proper

working of the proposed model. When the receiver
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Fig.14 Charging voltage received at the battery side and

resonant current

coil is disconnected from the transmitter coil range,
the power oscillates which might advance after fur-
ther studies on boosting wireless power transmis-
sion efficiency.

(1) The power supplied to the system with re-
newable energy sources without any distortion is the
priority of this project.

(2) Intelligent battery systems store the energy
without any delay.

(3) The wireless charging system is capable of
saving time and cost-efficiently.

(4) Human health is affected by magnetic
fields which can be further improved after taking dif-
ferent sensors under consideration to operate the

wireless transmission when it’s needed.
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