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ABSTRACT

Background

The rapid increase in the use of portable consumer electronics has created a strong need for efficient, safe, and
convenient charging solutions. Traditional wired charging systems often suffer from issues such as cable wear,
limited mobility, and dependency on grid electricity.

Objective

To address these challenges, this work presents a solar-assisted low-power wireless charging system that
integrates renewable energy harvesting with intelligent monitoring and control mechanisms.

Materials and Methods

The proposed system utilizes a solar photovoltaic panel to capture and convert solar energy into electrical power,
which is stored in a rechargeable battery for continuous operation. This enables off-grid functionality and reduces
reliance on conventional power sources, making the system more sustainable and energy-efficient. Wireless power
transfer is achieved through inductive coupling between transmitter and receiver coils, ensuring contactless energy
transfer for consumer electronic devices. An ATmega328 microcontroller acts as the central processing unit of
the system, responsible for monitoring key operational parameters such as coil alignment, power transfer
efficiency, and temperature variations. A real-time alignment feedback mechanism is implemented using LED
indicators, where a green LED signals optimal alignment and a red LED indicates misalignment, helping users
achieve efficient charging conditions. Additionally, a motor driver module (L293D) is incorporated to support
controlled operation and safe energy regulation. A thermal monitoring system is also included to prevent
overheating and maintain system stability.

Results

Experimental observations indicate improved energy transfer efficiency, reduced thermal stress, and enhanced
reliability compared to conventional wireless charging systems.

Conclusion

The proposed design offers a compact, eco-friendly, and intelligent solution for low-power charging applications,
effectively combining solar energy utilization with smart control techniques for improved performance and
sustainability.
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CHAPTER 1
INTRODUCTION

The increasing dependence on portable
consumer electronics such as smartphones, wearable
devices, and IoT-based gadgets has intensified the
demand for efficient and user-friendly charging
systems. Conventional wired charging methods,
although widely used, present several limitations
including physical connector wear, limited mobility,
and inconvenience during frequent plug-in and plug-
out operations. Moreover, with the growing

emphasis on sustainable energy utilization, there is a
strong need to shift toward environmentally friendly
charging solutions that reduce dependency on
conventional grid electricity. Wireless power
transfer (WPT) has emerged as a promising
alternative to traditional charging systems, offering
contactless energy transmission through
electromagnetic induction. Among various WPT
techniques, inductive coupling is widely preferred
due to its simplicity, reliability, and suitability for
low-power applications. However, conventional

1JDDT, Volume 16 Issue 60s, 2026

Page: 1157



RESEARCH PAPER

wireless charging systems often face challenges
such as misalignment between transmitter and
receiver coils, energy losses, and heat generation
during operation, which can significantly reduce
efficiency and system lifespan. To overcome these
limitations, this work proposes a solar-assisted low-
power wireless charging system integrated with
intelligent monitoring and control mechanisms. The
system combines renewable solar energy harvesting
with wireless charging technology to ensure
sustainable and off-grid operation. A solar
photovoltaic panel is used to charge a storage
battery, which acts as a stable energy source for the
wireless charging module. An ATmega328
microcontroller is employed as the core control unit
to continuously monitor critical parameters such as
coil alignment, power transfer efficiency, and
temperature levels. A simple real-time feedback
system using LED indicators assists users in
achieving optimal alignment for efficient energy
transfer. Additionally, thermal management and
load control mechanisms are incorporated to ensure
safe and stable operation. By integrating renewable
energy with smart control techniques, the proposed
system aims to enhance charging efficiency,
improve safety, and provide a compact and eco-
friendly solution suitable for modern low-power
electronic devices.

1.1. BACKGROUND AND MOTIVATION

The rapid expansion of portable and smart electronic
devices has significantly changed the way energy is
consumed in daily life. Devices such as
smartphones, fitness trackers, wireless earbuds, and
IoT sensors require frequent and reliable charging
solutions. However, traditional wired charging
systems introduce practical limitations including
connector damage, cable clutter, and reduced user
convenience. In addition, increasing global energy
consumption has created a need for more sustainable
and efficient power utilization methods. These
challenges have motivated researchers to explore
alternative charging technologies that are both user-
friendly and environmentally responsible. Wireless
power transfer has emerged as a strong candidate to
address these issues by enabling contactless energy
delivery. At the same time, renewable energy
sources like solar power are being integrated into
electronic systems to reduce dependency on fossil-
fuel-based electricity. The combination of these two
technologies forms the foundation for developing
smarter and greener charging solutions. This project
is motivated by the need to design a system that not
only improves convenience but also supports
sustainable energy usage in everyday electronic
applications.

1.2. WIRELESS POWER TRANSFER
TECHNOLOGY

Wireless power transfer (WPT) is a method of
transmitting electrical energy without physical
connectors, typically using electromagnetic fields.

Among different WPT techniques such as inductive
coupling, resonant inductive coupling, and
capacitive transfer, inductive coupling is widely
used for low-power applications due to its simplicity
and reliability. In this method, energy is transferred
between a transmitter coil and a receiver coil
through a magnetic field. Although efficient over
short distances, inductive systems are highly
sensitive to coil alignment and separation distance.
Even slight misalignment can lead to significant
power loss and reduced efficiency. Additionally,
continuous operation may lead to heat generation,
which must be controlled to ensure system safety
and durability. Despite these challenges, WPT
technology is increasingly adopted in consumer
electronics because of its convenience and reduced
mechanical wear compared to wired systems.
Ongoing research focuses on improving efficiency,
alignment accuracy, and thermal stability to make
wireless charging more practical and widely usable
in real-world applications.

1.3. ROLE OF RENEWABLE ENERGY
INTEGRATION

The integration of renewable energy sources into
electronic systems has become essential in
addressing global energy and environmental
challenges. Solar energy, in particular, is widely
used due to its abundance, sustainability, and ease of
deployment. In this system, a solar photovoltaic
panel is utilized to convert sunlight into electrical
energy, which is then stored in a rechargeable
battery for continuous use. This approach enables
off-grid operation, making the system independent
of conventional electricity supply. Renewable
integration not only reduces carbon footprint but
also enhances system reliability in areas with limited
or unstable power infrastructure. However, solar
energy generation is naturally variable and
dependent on environmental conditions, which
necessitates  efficient energy  storage and
management techniques. By combining solar power
with wireless charging technology, the system
achieves a balance between sustainability and
functionality. This integration ensures that low-
power consumer electronics can be charged
efficiently while promoting clean energy usage and
reducing long-term operational costs.

1.4. INTELLIGENT CONTROL AND SYSTEM
OPTIMIZATION

Modern charging systems require more than just
energy transfer; they demand intelligent control for
efficiency, safety, and reliability. In this project, an
ATmega328 microcontroller is used as the central
processing unit to monitor and regulate system
performance. It continuously tracks parameters such
as coil alignment, output power, and temperature
levels. Misalignment between transmitter and
receiver coils is one of the major causes of efficiency
loss in wireless charging systems. To address this, a
real-time feedback mechanism using LED indicators

1JDDT, Volume 16 Issue 60s, 2026

Page: 1158



RESEARCH PAPER

is implemented to guide users toward optimal
positioning. Additionally, thermal management is
incorporated to prevent overheating and ensure safe
operation during continuous use. A motor driver
module is also included to support controlled load
handling and system stability. These intelligent
features  collectively improve the overall
performance of the system by reducing energy loss
and enhancing user interaction. The combination of
embedded control, real-time monitoring, and
feedback mechanisms transforms the system into a
smart and adaptive wireless charging solution
suitable for modern electronic applications.
1.5 OBJECTIVE

The primary objective of this work is to
design and develop a solar-assisted low-power
wireless charging system that ensures efficient, safe,
and sustainable energy transfer for consumer
electronic devices. With the increasing reliance on
portable electronics, there is a growing need for
charging solutions that eliminate the limitations of
conventional wired systems, such as physical
connector wear, restricted mobility, and dependence
on grid electricity. This project aims to address these
challenges by integrating wireless power transfer
technology with renewable energy harvesting and
intelligent control mechanisms.
A key objective of the system is to utilize solar
energy as a clean and renewable power source. By
incorporating a solar photovoltaic panel along with
a battery storage unit, the system is designed to
operate in an off-grid environment, thereby reducing
dependency on conventional electrical infrastructure
and promoting energy sustainability. Another
important objective is to implement -efficient
wireless power transfer using inductive coupling,
ensuring reliable energy delivery between
transmitter and receiver coils for low-power
applications. The system also focuses on improving
alignment accuracy, which is critical for maintaining
high efficiency in wireless charging. To achieve this,
a microcontroller-based monitoring system using
ATmega328 is employed to detect coil alignment
and provide real-time feedback through visual
indicators. This helps users achieve optimal
positioning and minimizes energy losses due to
misalignment. Furthermore, the project aims to
incorporate thermal management and load control
mechanisms to enhance system safety and
durability. Continuous monitoring of temperature
ensures that overheating conditions are prevented,
thereby protecting both the system components and
the connected devices. Overall, the objective is to
create a compact, intelligent, and eco-friendly
charging system that combines renewable energy
utilization with smart control features, ultimately
improving efficiency, reliability, and user
convenience in low-power wireless charging
applications.

CHAPTER 2

LITERATURE SURVEY
1. Wireless Power Transfer System Integrated with
Renewable Energy Sources
Author: A. Mahesh, B. Chokkalingam, C.
Santhakumar
Year: 2025
The study presents a multiport DC-DC converter-
based wireless power transfer system that integrates
photovoltaic energy sources with energy storage
units. The primary focus of the work is to improve
energy utilization efficiency by combining
renewable solar energy with inductive wireless
charging technology. The authors propose a hybrid
architecture where solar energy is first harvested and
stored in a battery system before being used for
wireless power transmission. This ensures
continuous operation even during low sunlight
conditions. The system also incorporates advanced
power electronics to regulate voltage and current
flow between different modules, improving overall
stability. One of the key contributions of this work
is the improvement in power transfer efficiency
through optimized converter design and reduced
energy losses. The study highlights that integrating
renewable energy with wireless charging systems
can  significantly reduce dependency on
conventional grid power. Additionally, the paper
discusses thermal management considerations and
system reliability under varying load conditions.
Experimental results show improved performance in
terms of stable output and enhanced energy
conversion efficiency compared to conventional
wireless systems. This work is highly relevant to the
proposed solar-assisted wireless charging system as
it supports the concept of integrating photovoltaic
energy with inductive coupling. It provides a strong
foundation for designing energy-efficient and
sustainable charging systems with real-time
monitoring and control capabilities. The study also
emphasizes the importance of power management
strategies, which align with the objectives of
improving efficiency and reducing energy wastage
in low-power applications.

2. Design and Implementation of Inductive Wireless
Power Transfer System for Charging Applications
Author: R. P. Narasipuram, S. Mopidevi

Year: 2024

This research focuses on the design and
implementation of a magnetically coupled inductive
power transfer system specifically aimed at charging
applications. The study explores the fundamental
principles of inductive coupling between transmitter
and receiver coils and analyzes how power transfer
efficiency is influenced by coil alignment, distance,
and frequency variations. The authors emphasize
that proper coil design and alignment are critical
factors in achieving high efficiency in wireless
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charging systems. The proposed system uses
optimized coil geometry and resonant circuits to
enhance magnetic coupling and reduce energy
losses. The study also highlights the importance of
power regulation circuits to maintain stable output
voltage under varying load conditions. One of the
key aspects discussed is the reduction of
misalignment losses, which is a major challenge in
practical ~ wireless charging systems. The
experimental  results demonstrate improved
performance in terms of energy transfer efficiency
and system stability compared to conventional non-
resonant systems. The authors also address thermal
issues that arise during continuous operation and
suggest design improvements to minimize heat
generation. This paper is directly relevant to the
proposed system as it provides a strong technical
foundation for inductive power transfer design. It
supports the need for alignment detection
mechanisms and efficient coil configuration, which
are key components of the solar-assisted wireless
charging system. The study also reinforces the
importance of optimizing electromagnetic coupling
to achieve better performance in low-power
electronic charging applications.

3. Wireless Power Transfer Control System for
Efficient Energy Delivery

Author: Z. Wang, X. Wei, H. Dai

Year: 2021

This study presents a control-oriented approach for
improving the efficiency and stability of wireless
power transfer systems. The authors focus on
developing a controlled inductive charging system
that adjusts power delivery based on load
requirements and coil alignment conditions. The
system uses feedback control techniques to regulate
voltage and current, ensuring consistent power
output during operation. A key contribution of this
work is the implementation of adaptive control
strategies that respond to changes in coupling
conditions between transmitter and receiver coils.
This helps in maintaining stable performance even
when there are slight positional variations or
environmental disturbances. The study also
highlights the importance of reducing switching
losses and improving overall system efficiency
through optimized control algorithms. Thermal
effects and energy losses are also analyzed, with
recommendations for improving heat dissipation
and system reliability. The experimental results
indicate that controlled wireless power transfer
systems outperform traditional open-loop systems in
terms of efficiency, stability, and safety. This paper
is highly relevant to the proposed solar-assisted
wireless charging system because it supports the use
of microcontroller-based intelligent control, such as
the ATmega328 used in the design. It also reinforces
the importance of real-time monitoring and feedback
mechanisms for improving alignment accuracy and
energy efficiency. The concepts discussed in this

study directly contribute to enhancing the
performance and reliability of smart wireless
charging systems integrated with renewable energy
sources.

4. Solar-Based Wireless Charging System for
Portable Electronic Devices

Author: K. Aditya

Year: 2020

This paper presents a solar-powered wireless
charging system designed specifically for portable
electronic devices such as mobile phones and small
IoT gadgets. The study focuses on integrating
photovoltaic energy harvesting with inductive
power transfer to achieve an off-grid charging
solution. The solar panel is used to charge a storage
battery, which then supplies energy to the wireless
transmitter ~circuit. This ensures continuous
operation even in the absence of sunlight. The author
emphasizes the importance of energy efficiency in
low-power applications and highlights the role of
proper power regulation in maintaining stable
output. The inductive coupling mechanism is used
for contactless energy transfer between transmitter
and receiver coils. However, the system
performance is highly dependent on coil alignment
and distance, which directly affects efficiency. The
study also discusses basic control mechanisms to
regulate voltage and prevent overcharging of the
battery. Experimental results show that the system is
capable of charging small electronic devices with
reasonable efficiency under optimal sunlight
conditions. This work is relevant to the proposed
system as it supports the concept of combining solar
energy with wireless charging. It also highlights key
challenges such as alignment sensitivity and energy
losses, which are addressed in the proposed design
through microcontroller-based monitoring and LED
feedback systems.

5. Review of Wireless Power Transfer Systems for
EV and Low-Power Applications

Author: L. Okasili, A. Elkhateb, T. Littler

Year: 2022

This paper provides a comprehensive review of
wireless power transfer technologies, covering both
electric vehicle charging systems and low-power
electronic applications. The authors analyze
different WPT techniques, including inductive
coupling, resonant inductive coupling, and
capacitive power transfer. Among these, inductive
systems are identified as the most widely used for
short-range applications due to their simplicity and
reliability. The study highlights major challenges
such as alignment sensitivity, efficiency loss,
electromagnetic  interference, and  thermal
management issues. It also discusses recent
improvements in coil design, compensation
networks, and control strategies to enhance system
performance. The authors emphasize that real-time
monitoring and adaptive control are essential for
improving efficiency and safety. Additionally, the
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paper reviews the integration of renewable energy
sources into wireless charging systems, suggesting
that solar-powered solutions can significantly
reduce environmental impact. However, variability
in energy generation remains a challenge that
requires effective storage systems. This literature is
highly relevant to the proposed system as it provides
a broad understanding of existing technologies and
their limitations. It supports the need for intelligent
alignment detection, thermal control, and renewable
energy integration, which are key features of the
proposed solar-assisted wireless charging system.

6. Influence of Coil Design on Wireless Power
Transfer Efficiency

Author: Y. Li et al.

Year: 2021

This study investigates the impact of coil design
parameters on the efficiency of wireless power
transfer systems. The authors analyze factors such as
coil radius, number of turns, spacing, and alignment
accuracy to determine their effect on magnetic
coupling strength. The research shows that even
minor changes in coil geometry can significantly
influence power transfer efficiency. The study uses
mathematical modeling and experimental validation
to demonstrate that optimized coil design can reduce
energy losses and improve system stability.
Resonant frequency tuning is also highlighted as an
important factor in maximizing energy transfer
efficiency between transmitter and receiver coils.
Thermal effects are briefly discussed, indicating that
poor coil design can lead to increased heat
generation due to higher resistance losses. The
authors recommend careful design optimization to
balance efficiency and thermal performance. This
paper is relevant to the proposed system because it
supports the importance of precise coil alignment
and optimized inductive coupling, which are
essential for efficient wireless charging. The
findings directly justify the inclusion of alignment
detection mechanisms in the proposed design.

7. Dynamic Wireless Charging System with
Adaptive Control Techniques

Author: H. Wang et al.

Year: 2021

This research explores a dynamic wireless charging
system that incorporates adaptive control techniques
to improve power transfer efficiency under varying
operating conditions. The system is designed to
adjust its performance based on changes in coil
alignment, load demand, and environmental factors.
The authors propose a feedback-based control
system that continuously monitors voltage and
current levels to maintain stable power delivery.
This adaptive approach helps reduce power losses
caused by misalignment and improves overall
system efficiency. The study also discusses thermal
management strategies to prevent overheating
during continuous operation. Experimental results
demonstrate that adaptive control significantly

enhances the reliability and stability of wireless
power transfer systems compared to conventional
fixed-control methods. The system is particularly
effective in maintaining consistent performance
under fluctuating load conditions. This paper is
relevant to the proposed solar-assisted wireless
charging system as it supports the use of
microcontroller-based intelligent control and real-
time monitoring. The adaptive control concept
aligns closely with the proposed system’s
ATmega328-based monitoring and LED feedback
mechanism, which aims to improve alignment
accuracy and energy efficiency in low-power
applications.

8. Inductive Wireless Power Transfer System for
Efficient Energy Delivery in Low-Power Devices
Author: P. Machura, V. De Santis, Q. Li

Year: 2020

This paper focuses on the development of inductive
wireless power transfer systems optimized for low-
power electronic devices. The authors analyze the
fundamental operating principles of inductive
coupling and emphasize its suitability for short-
range energy transfer applications. The study
highlights that efficiency is strongly influenced by
coil alignment, operating frequency, and load
conditions. The system design includes
compensation networks to reduce reactive power
losses and improve overall transfer efficiency. The
authors also discuss the importance of maintaining
resonance between transmitter and receiver coils to
maximize power delivery. Thermal effects are
considered, showing that continuous operation can
lead to heat buildup if not properly managed.
Experimental results demonstrate stable
performance in powering low-energy devices,
although efficiency drops significantly under
misalignment conditions. The paper recommends
improved alignment control and real-time
monitoring to overcome these limitations. This work
is relevant to the proposed solar-assisted wireless
charging system because it supports the use of
inductive coupling for low-power applications. It
also justifies the need for alignment detection and
thermal management modules, which are key
components of the proposed design.

9. Wireless Power Transfer System with Real-Time
Monitoring and Control

Author: Z. Zhong, D. Xu

Year: 2021

This study presents a wireless power transfer system
integrated with real-time monitoring and control
features to improve efficiency and safety. The
system continuously tracks voltage, current, and
alignment conditions using embedded sensors and
control units. Based on these inputs, it dynamically
adjusts power output to maintain stable energy
transfer. A key feature of this work is its feedback-
based control mechanism, which helps reduce losses
caused by coil misalignment and load variation. The
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authors also emphasize the importance of safety
mechanisms, particularly thermal protection, to
prevent overheating during prolonged operation.
The experimental results show improved system
stability and better energy utilization compared to
conventional open-loop wireless charging systems.
The integration of monitoring tools significantly
enhances user control and system reliability. This
paper is relevant to the proposed system as it
supports the wuse of microcontroller-based
monitoring,  similar to the ATmega328
implementation. It also reinforces the importance of
real-time feedback systems such as LED indicators
for alignment guidance and efficiency improvement
in wireless charging applications.
10. Hybrid Solar and Wireless Energy Transfer
System for Smart Charging Applications
Author: O. C. Onar et al.
Year: 2020
This paper introduces a hybrid energy system that
combines solar power generation with wireless
power transfer technology for efficient charging
applications. The system integrates photovoltaic
panels with energy storage units and inductive
charging circuits to ensure continuous and
sustainable operation. The authors focus on
improving energy conversion efficiency through
optimized power electronics and control strategies.
The system is capable of operating in both grid-
connected and off-grid modes, making it suitable for
diverse applications. Thermal management and
system protection mechanisms are also discussed to
ensure safe operation under varying load conditions.
The results demonstrate that combining renewable
energy with  wireless charging improves
sustainability and reduces dependency on
conventional power sources. However, the system
performance is affected by environmental
conditions and alignment accuracy. This study is
highly relevant to the proposed solar-assisted
wireless charging system as it directly supports the
integration of solar energy with inductive coupling.
It also validates the need for intelligent monitoring,
alignment detection, and thermal control to enhance
system efficiency and reliability in real-world
applications.
CHAPTER 3
SYSTEM ANALYSIS

3.1 EXISTING SYSTEM

The existing charging systems for
consumer electronics are predominantly based on
wired power delivery methods, where electrical
energy is transferred from the power source to the
device through physical connectors and cables.
These systems are widely used due to their
simplicity, low cost, and relatively high efficiency in
power transfer. However, despite their widespread
adoption, they come with several operational and
practical limitations that affect user convenience and
long-term usability. One of the major issues in

existing wired charging systems is mechanical wear
and tear of connectors. Frequent plugging and
unplugging of charging cables leads to loosening of
ports, reduced contact quality, and eventual failure
of charging interfaces. Additionally, cable
entanglement and limited mobility restrict user
freedom, especially in mobile and wearable
applications where continuous movement is
required. In terms of energy utilization, most
existing systems rely entirely on grid-based
electricity, which may not be sustainable in the long
run due to increasing energy demand and
environmental concerns. They also lack any form of
renewable energy integration, making them
dependent on conventional power infrastructure.
Some modern alternatives, such as basic wireless
charging pads, have been introduced to overcome
cable-related issues. However, these systems still
depend on grid electricity and often suffer from
efficiency losses due to misalignment between
transmitter and receiver coils. They also generate
heat during operation, and most existing systems do
not include effective thermal management or
intelligent alignment correction mechanisms. As a
result, users may experience slower charging speeds
and reduced efficiency. Moreover, current systems
generally lack real-time monitoring and adaptive
control features. There is minimal feedback
provided to wusers regarding optimal device
placement or system performance. This results in
energy wastage and inconsistent charging
efficiency.

3.1.1 DISADVANTAGES

# Limited Mobility and Cable Dependency:
Existing wired charging systems require
physical cables, which restrict user
movement and reduce convenience during
device usage while charging.

& Mechanical Wear and Tear: Frequent
plugging and unplugging of charging
connectors leads to port damage, loose
connections, and eventual failure of
charging interfaces over time.

& Lack of Renewable Energy Integration:
Most existing systems depend entirely on
grid electricity, making them less
sustainable and increasing long-term
environmental impact.

& Low Flexibility in Usage: Wired systems
are not suitable for modern portable and
wearable devices that require flexible and
contactless charging solutions.

« Efficiency Loss in Basic Wireless Systems:
Even in simple wireless chargers,
misalignment between coils leads to
significant power loss and reduced
charging efficiency.

& Absence of Intelligent Monitoring
and Thermal Control: Existing
systems generally do not include real-
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time monitoring of alignment, power

efficiency, or temperature, resulting

in overheating risks and unstable

performance.
3.2 PROPOSED SYSTEM

The proposed system introduces a solar-
assisted low-power wireless charging solution
designed to overcome the limitations of
conventional wired and basic wireless charging
methods. The system integrates renewable energy
harvesting, wireless power transfer, and intelligent
control mechanisms to achieve an efficient, safe, and
sustainable charging platform for consumer
electronic devices. At the core of the system is a
solar photovoltaic panel that captures solar energy
and converts it into electrical power. This energy is
stored in a rechargeable battery, enabling continuous
operation even in the absence of sunlight. By
utilizing solar energy, the system reduces
dependence on grid electricity and supports eco-
friendly, off-grid charging applications. Wireless
power transfer is achieved through inductive
coupling between a transmitter coil and a receiver
coil. This allows contactless energy transfer,
eliminating the need for physical connectors and
reducing mechanical wear. However, to address
efficiency issues caused by coil misalignment, the
system incorporates an ATmega328 microcontroller
that continuously monitors alignment conditions and
system performance in real time. A key feature of
the proposed system is its intelligent alignment
detection mechanism. LED indicators are used to
guide the user during device placement, where a
green LED indicates optimal alignment and efficient
power transfer, while a red LED signals
misalignment. This simple feedback system helps
maximize charging efficiency and minimizes energy
loss. Additionally, the system includes a thermal
monitoring module to track temperature variations
during operation. If abnormal heat levels are
detected, the system responds by adjusting or
limiting power flow to ensure safe operation. A
motor driver module (L293D) is also integrated to
support controlled load handling and improve
system stability. Overall, the proposed system
delivers a compact, intelligent, and energy-efficient
charging solution by combining solar energy
utilization with smart wireless charging technology,
making it suitable for modern low-power consumer
electronics.
3.2.1 ADVANTAGES

& Renewable Energy Utilization: The system

uses solar energy as the primary power

source, reducing dependence on grid

electricity and promoting sustainable

energy usage.

& Wireless and Contactless Charging:
Inductive coupling enables cable-free
charging, eliminating physical connector

issues such as wear, damage, and frequent
replacement.
& Improved Energy Efficiency: The
microcontroller-based alignment detection
helps optimize coil positioning, reducing
energy loss and improving overall power
transfer efficiency.
& Real-Time Monitoring and Feedback: LED
indicators provide instant visual feedback
for alignment status, allowing users to
adjust device placement for better
performance.
« Enhanced Safety with Thermal
Management: Continuous temperature
monitoring prevents overheating, ensuring
safe operation and protecting both the
system and connected devices.
& Off-Grid and Portable Operation: The
integration of a solar panel and battery
storage enables the system to function
independently of external power sources,
making it suitable for remote and low-
power applications.
3.2.2 BLOCK DIAGRAM

The block diagram of the proposed solar-
assisted low-power wireless charging system
illustrates the integration of renewable energy
harvesting, power management, wireless energy
transfer, and intelligent control units. The system
begins with the solar photovoltaic panel, which
captures sunlight and converts it into electrical
energy. This energy is then regulated through a
charging circuit and stored in a rechargeable battery,
ensuring continuous power availability even in the
absence of sunlight. The stored energy is supplied to
the transmitter unit, which includes a power
conversion stage and a transmitter coil. This unit is
responsible for generating an alternating magnetic
field required for wireless power transfer. The
energy is then transferred to the receiver coil, which
converts the magnetic field back into electrical
energy for charging consumer electronic devices.
An ATmega328 microcontroller acts as the central
control unit of the system. It continuously monitors
alignment between transmitter and receiver coils,
system voltage levels, and temperature conditions.
Based on these inputs, it provides real-time control
signals to improve efficiency and safety. An LED-
based indicator module is used for alignment
feedback, where green indicates optimal positioning
and red indicates misalignment. Additionally, a
thermal sensor module ensures that overheating
conditions are detected and controlled. The L293D
motor driver module supports controlled load
management and system stability. Overall, the block
diagram represents a smart, energy-efficient, and
eco-friendly wireless charging system that combines
solar energy utilization with intelligent control
mechanisms.
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CHAPTER 4
HARDWARE REQUIREMENTS

4.1 HARDWARE COMPONENTS
Power Supply Unit
ATMega328P Micro Controller
LCD
Solar Panel
Voltage Sensor
Battery
LED
Inverter
Rectifier
Transmitter Coil
Receiver Coil
4.2 HARDWARE DESCRIPTION
4.2.1 POWER SUPPLY
The 7812 and 7805 voltage regulators are
commonly used components to provide stable DC
voltage outputs of +12V and +5V, respectively,
from a higher input voltage source.

A N N N N NN

7812 Voltage Regulator:

Input Voltage: Typically requires an input voltage
slightly higher than 12V (usually around 14-16V) to
regulate effectively.

Output Voltage: Provides a stable +12V DC output.
Capacitors:

C1000/25: This likely refers to a capacitor with a
capacitance of 1000uF and a voltage rating of 25V.
This capacitor is typically placed on the input side
(between input and ground) to stabilize the input
voltage, reducing noise and providing a reservoir of
charge to handle transient spikes.

C10/63: This could refer to a capacitor with a
capacitance of 10pF and a voltage rating of 63V.

This capacitor is usually placed on the output side
(between output and ground) to stabilize the output
voltage, filtering out any remaining noise and
improving regulation.
Resistor: A resistor isn’t typically used directly with
the 7812 regulator in the same way as capacitors are,
but it can be part of the circuit design for specific
applications, such as in voltage dividers or as part of
a feedback loop for stability.
7805 Voltage Regulator:
Input Voltage: Requires an input voltage typically
around 7-25V (ideal 7-20V) to regulate effectively.
Output Voltage: Provides a stable +5V DC output.
Capacitors:
C1000/25: As with the 7812, this capacitor stabilizes
the input voltage to the regulator.
C10/63: This capacitor stabilizes the output voltage
of the regulator.
Resistor: Similar to the 7812, resistors are not
directly part of the typical configuration but can be
used in specific applications.
Circuit Considerations:
Decoupling Capacitors: These capacitors (like
C1000/25 and C10/63) are crucial for filtering out
noise and stabilizing the voltage levels, ensuring
reliable operation of your circuit.
Heat Dissipation: Both regulators can generate
heat, especially when dropping significant voltage.
Adequate heat sinking may be necessary depending
on the current drawn and the input-output voltage
differential.
Current Requirements: Ensure that the regulators
can supply enough current for your application. If
higher currents are required, additional heat sinking
and possibly parallel regulators may be needed.
In summary, the 7812 and 7805 voltage regulators,
along with capacitors like C1000/25 and C10/63,
form a basic yet effective setup for providing stable
+12V and +5V outputs in electronic circuits,
suitable for a wide range of applications from
powering microcontrollers to analog circuits.
4.2.2 ARDUINO UNO

The Arduino UNO is an open-source
microcontroller board based on the Microchip
ATmega328P microcontroller and developed by
Arduino.cc. The board is equipped with sets of
digital and analog input/output (I/O) pins that may
be interfaced to various expansion boards (shields)
and other circuits. The board has 14 Digital pins, 6
Analog pins, and programmable with the Arduino
IDE (Integrated Development Environment) via a
type B USB cable. It can be powered by a USB cable
or by an external 9 volt battery, though it accepts
voltages between 7 and 20 volts. It is also similar to
the Arduino Nano and Leonardo. The hardware
reference design is distributed under a Creative
Commons Attribution Share-Alike 2.5 license and is
available on the Arduino website. Layout and
production files for some versions of the hardware
are also available. "Uno" means one in Italian and
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was chosen to mark the release of Arduino Software
(IDE) 1.0. The Uno board and version 1.0 of
Arduino Software (IDE) were the reference versions
of Arduino, now evolved to newer releases. The Uno
board is the first in a series of USB Arduino boards,
and the reference model for the Arduino platform.
The ATmega328 on the Arduino Uno comes
preprogrammed with a boot loader that allows
uploading new code to it without the use of an
external hardware programmer. It communicates
using the original STK500 protocol. The Uno also
differs from all preceding boards in that it does not
use the FTDI USB-to-serial driver chip. Instead, it
uses the Atmegal6U2 (Atmega8U2 up to version
R2) programmed as a USB-to-serial converter

The Arduino project started at the
Interaction Design Institute Ivrea (IDII) in Ivrea,
Italy. At that time, the students used a BASIC Stamp
microcontroller at a cost of $100, a considerable
expense for many students. In 2003 Hernando
Barragan created the development platform Wiring
as a Master's thesis project at IDII, under the
supervision of Massimo Banzi and Casey Reas, who
are known for work on the Processing language. The
project goal was to create simple, low-cost tools for
creating digital projects by non-engineers. The
Wiring platform consisted of a printed circuit board
(PCB) with an ATmegal68 microcontroller, an IDE
based on Processing and library functions to easily
program the microcontroller. In 2003, Massimo
Banzi, with David Mellis, another IDII student, and
David Cuartielles, added support for the cheaper
ATmega8 microcontroller to Wiring. But instead of
continuing the work on Wiring, they forked the
project and renamed it Arduino. Early arduino
boards used the FTDI USB-to-serial driver chip and
an ATmegal68. The Uno differed from all
preceding boards by featuring the ATmega328P
microcontroller and an ATmegal6U2 (Atmega8U2
up to version R2) programmed as a USB-to-serial
converter.

SPECIFICATION
1. Microcontroller: Microchip ATmega328P
2. Operating Voltage: 5 Volt
3. Input Voltage: 7 to 20 Volts
4. Digital I/O Pins: 14 (of which 6 provide
PWM output)

Analog Input Pins: 6

DC Current per I/O Pin: 20 mA

DC Current for 3.3V Pin: 50 mA

Flash Memory: 32 KB of which 0.5 KB
used by boot loader

9. SRAM:2KB

10. EEPROM: 1 KB

11. Clock Speed: 16 MHz

12. Length: 68.6 mm

13. Width: 53.4 mm

14. Weight: 25 g
COMMUNICATION
The Arduino/Genuino Uno has a number of facilities
for communicating with a computer, another
Arduino/Genuino board, or other microcontrollers.
The ATmega328 provides UART TTL (5V) serial
communication, which is available on digital pins 0
(RX) and 1 (TX). An ATmegal6U2 on the board
channels this serial communication over USB and
appears as a virtual com port to software on the
computer. The 16U2 firmware uses the standard
USB COM drivers, and no external driver is needed.
However, on Windows, a .inf file is required. The
Arduino Software (IDE) includes a serial monitor
which allows simple textual data to be sent to and
from the board. The RX and TX LEDs on the board
will flash when data is being transmitted via the
USB-to-serial chip and USB connection to the
computer (but not for serial communication on pins
0 and 1). A Software Serial library allows serial
communication on any of the Uno's digital pins
PINS General Pin functions

e LED: There is a built-in LED driven by
digital pin 13. When the pin is HIGH value,
the LED is on, when the pin is LOW, it's
off.

e VIN: The input voltage to the
Arduino/Genuino board when it's using an
external power source (as opposed to 5
volts from the USB connection or other
regulated power source). You can supply
voltage through this pin, or, if supplying
voltage via the power jack, access it
through this pin.

e 5V: This pin outputs a regulated 5V from
the regulator on the board. The board can
be supplied with power either from the DC
power jack (7 - 20V), the USB connector
(5V), or the VIN pin of the board (7-20V).
Supplying voltage via the 5V or 3.3V pins
bypasses the regulator, and can damage the
board.

e 3V3: A 3.3 volt supply generated by the on-
board regulator. Maximum current draw is
50 mA.

e  GND: Ground pins.

e [OREF: This pin on the Arduino/Genuino
board provides the voltage reference with
which the microcontroller operates. A
properly configured shield can read the

PN
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IOREF pin voltage and select the

appropriate power source or enable voltage

translators on the outputs to work with the
5V or3.3V.

e Reset: Typically used to add a reset button
to shields which block the one on the board.

Special Pin Functions

Each of the 14 digital pins and 6 Analog pins on the
Uno can be used as an input or output, using
pinMode (), digitalWrite(), and digitalRead()
functions. They operate at 5 volts. Each pin can
provide or receive 20 mA as recommended
operating condition and has an internal pull-up
resistor (disconnected by default) of 20-50k ohm. A
maximum of 40mA is the value that must not be
exceeded on any I/O pin to avoid permanent damage
to the microcontroller. The Uno has 6 analog inputs,
labeled AO through A5, each of which provide 10
bits of resolution (i.e. 1024 different values). By
default they measure from ground to 5 volts, though
is it possible to change the upper end of their range
using the AREF pin and the analogReference()
function.

In addition, some pins have specialized functions:

e Serial / UART: pins 0 (RX) and 1 (TX).
Used to receive (RX) and transmit (TX)
TTL serial data. These pins are connected
to the corresponding pins of the
ATmega8U2 USB-to-TTL Serial chip.

e External Interrupts: pins 2 and 3. These
pins can be configured to trigger an
interrupt on a low value, a rising or falling
edge, or a change in value.

e  PWM (Pulse Width Modulation): 3, 5, 6, 9,
10, and 11 Can provide 8-bit PWM output
with the analogWrite () function.

e SPI (Serial Peripheral Interface): 10 (SS),
11 (MOSI), 12 (MISO), 13 (SCK). These
pins support SPI communication using the
SPI library.

e TWI (Two Wire Interface) / I?C: A4 or
SDA pin and A5 or SCL pin. Support TWI
communication using the Wire library.

e AREF (Analog REFerence): Reference
voltage for the analog inputs

4.2.3 LCD (LIQUID CRYSTAL DISPLAY)

A liquid crystal display (LCD) is a flat
panel display, electronic visual display, or video
display that uses the light modulating properties
of liquid crystals. Liquid crystals do not emit light
directly. LCDs are available to display arbitrary
images (as in a general-purpose computer display)
or fixed images which can be displayed or hidden,
such as preset words, digits, and 7-segment displays
as in a digital clock. They use the same basic
technology, except that arbitrary images are made up
of a large number of small pixels, while other
displays have larger elements. An LCD is a small
low cost display. It is easy to interface with a micro-
controller because of an embedded controller (the

black blob on the back of the board). This controller
is standard across many displays (HD 44780) which
means many micro-controllers (including the
Arduino) have libraries that make displaying
messages as easy as a single line of code.

LCD display unit
LCDs are used in a wide range of applications
including  computer  monitors, televisions,

instrument panels, aircraft cockpit displays, and
signage. They are common in consumer devices
such as video players, gaming devices, clocks,
watches, calculators, and telephones, and have
replaced cathode ray tube (CRT) displays in most
applications. They are available in a wider range of
screen sizes than CRT and plasma displays, and
since they do not use phosphors, they do not suffer
image burn-in. LCDs are, however, susceptible to
image persistence.
16X2 LCD SPECIFICATIONS
e Display Format: 16 characters per line, 2
lines total.
e Character Size: 5x8 pixels for standard
characters.
e Dimensions: Approximately 80mm x
36mm x 13mm.

Interface: Parallel (4-bit or 8-bit mode).

e Supply Voltage: Typically 5V DC.

e  Current Consumption: Around 1.5 mA at
5V.

e Backlight: LED backlight (3.3V to 5V).

e Temperature Range: 0°C to 70°C
operating, -20°C to 80°C storage.

e Response Time: Under 10 ms.

e Mounting: PCB or breadboard compatible.

e Character Set: Standard ASCII with
custom character support.

I12C (Inter-Integrated Circuit)

The I12C connection for an LCD display
enables efficient and simplified interfacing with
microcontrollers, like the ESP32, by requiring only
two data lines: SDA (data) and SCL (clock). This
setup significantly reduces the number of pins
needed, compared to traditional parallel
connections, allowing other I/O pins on the
microcontroller to remain free for additional sensors
or peripherals. The 12C interface is controlled by a
small I2C module on the back of the LCD, typically
using a chip like the PCF8574, which converts the
12C signals into parallel signals the LCD can
interpret.
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Each device on the 12C bus has a unique address
(e.g., 0x27 for many LCD modules), letting the
microcontroller communicate with specific devices
even if there are multiple I2C components on the
same bus. The power (VCC) and ground (GND)
lines complete the connections, and the data transfer
is synchronous, meaning the microcontroller
(master) sends commands in sync with the LCD
(slave). Commands like positioning the cursor,
clearing the display, or updating text are all handled
through simple I2C libraries that streamline
programming. This makes [12C ideal for projects that
require  organized  wiring and  efficient
communication, especially in setups where pin
limitations and space are considerations.

4.2.4 SOLAR PANEL

e

A solar panel is a renewable energy device that
converts sunlight into electrical power using
semiconductor materials. It plays a major role in
clean energy generation by reducing dependence on
fossil fuels and minimizing environmental pollution.
Solar panels are widely used in residential,
commercial, and industrial applications due to their
long lifespan, low maintenance, and ability to
generate electricity even in remote locations. Their
growing popularity is driven by advancements in
photovoltaic technology and decreasing
manufacturing costs.

2. Working Principle

A solar panel operates based on the photovoltaic
effect, where photons from sunlight strike the solar
cells and release electrons. These free electrons
create an electric current that flows through an
external circuit. Each solar cell is designed with a p-
n junction, formed by doping silicon with different
materials. When sunlight hits the junction, it causes
electron—hole pairs to separate, generating a direct
current (DC). Multiple solar cells are connected in
series and parallel to increase the overall voltage and
current output of the panel.

3. Construction of a Solar Panel

A typical solar panel consists of several key layers.
The top layer is tempered glass, which protects the
cells from dust, moisture, and mechanical damage
while allowing maximum sunlight penetration.
Beneath it lies the encapsulant (EVA), which
secures the solar cells and prevents movement. The
core component is the photovoltaic cell, usually
made of monocrystalline or polycrystalline silicon.
These cells are interconnected using conductive
metal ribbons. The back of the panel includes a
backsheet that provides insulation and shields the

cells from environmental exposure. A robust
aluminum frame surrounds the panel, offering
structural stability and enabling secure mounting on
rooftops or ground systems.
4. Types of Solar Panels
Solar panels come in different varieties based on
material and efficiency. Monocrystalline panels
offer high efficiency due to their pure silicon
structure and are ideal for limited spaces.
Polycrystalline panels are cost-effective and
widely used for residential installations. Thin-film
panels, made from materials like amorphous silicon
or CdTe, are flexible and lightweight, making them
useful for portable and integrated applications.
5. Applications
Solar panels are used to power households,
streetlights, water pumps, electric vehicles, and
industrial loads. They are also essential in remote
areas where grid connectivity is unavailable. Large
solar farms contribute significantly to national
energy  generation, promoting  sustainable
development.
4.2.5 VOLTAGE SENSOR

A voltage sensor is a device used to
measure and monitor the electrical potential
difference (voltage) in a circuit. These sensors are
crucial in various applications, including power
systems, industrial automation, and electronic
devices, as they help ensure the proper functioning
and safety of electrical systems.

Types of Voltage Sensors:

e Analog Voltage Sensors: Provide a
continuous output signal proportional to
the measured voltage. They are commonly
used in simple applications.

e Digital Voltage Sensors: Convert the
measured voltage into a digital signal for
precise measurement and easy interfacing
with digital systems.

e AC Voltage Sensors: Specifically
designed to measure alternating current
(AC) voltage.

e DC Voltage Sensors: Specifically
designed to measure direct current (DC)
voltage.

Working Principle:
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Voltage sensors work based on various
principles, including resistive dividers, capacitive
dividers, and inductive coupling. The most common
method involves a resistive divider, where the sensor
reduces the voltage to a measurable level, which can
then be processed by a microcontroller or other
monitoring device.

Voltage Sensor Pin Configuration:

e  VCC (Power Supply Pin): Connect this pin
to the positive voltage supply. For most
sensors, this is typically 5V or 3.3V,
depending on your sensor's requirements.

e GND (Ground Pin): Connect this pin to the
ground (GND) of your microcontroller or
development board.

e VOUT (Output Voltage Pin): This pin
provides the output voltage corresponding
to the measured input voltage. Connect this
pin to an analog input pin on your
microcontroller to read the voltage value.

Applications:

e Power Monitoring: To monitor voltage
levels in power systems and ensure stable
power supply.

e Battery Management: To measure and
monitor battery voltage in electric vehicles
and portable electronics.

e Industrial Automation: To monitor
voltage levels in machinery and control
systems.

e Renewable Energy Systems: To monitor
and control voltage levels in solar and wind
power systems.

4.2.6 BATTERY

LITHIUM-ION (LI-ION) BATTERIES
Lithium-ion (Li-ion) batteries have become one of
the most widely used energy storage technologies in
the modern world. Their high energy density, long
cycle life, and relatively low self-discharge rate
make them ideal for a wide range of applications,
from portable electronics to electric vehicles (EVs)
and renewable energy storage systems. Since their
commercialization in the early 1990s, Li-ion
batteries have revolutionized the way we store and
use energy, enabling advancements in technology
and contributing to the global shift toward cleaner
energy solutions.

This report provides a comprehensive description of
lithium-ion Dbatteries, covering their working
principles, components, advantages, disadvantages,
and applications. Additionally, it explores the
challenges and future prospects of this technology.

1. Working Principle of Lithium-Ion Batteries
Lithium-ion batteries operate based on the
movement of lithium ions between the anode and
cathode during charging and discharging cycles. The
fundamental principle involves electrochemical
reactions that store and release energy.

Charging Process: During charging, lithium ions
move from the cathode to the anode through the
electrolyte. The anode, typically made of graphite,
stores the lithium ions in its layered structure.
Electrons flow through the external circuit,
providing energy to the battery.

Discharging Process: During discharging, lithium
ions move back from the anode to the cathode,
releasing energy in the form of electrical current.
The electrons flow through the external circuit,
powering the connected device.

The chemical reactions at the electrodes are as
follows:

Anode (Graphite):

Lix C 6 —C 6 +xLi ++xe —

Cathode (Lithium Cobalt Oxide, LiC0Oz2):

Li 1-x CoO 2 +xLi ++xe — —LiCoO 2

The electrolyte, typically a lithium salt in an organic
solvent, facilitates the movement of lithium ions
while preventing the flow of electrons, ensuring
efficient energy transfer.

2. Components of Lithium-Ion Batteries

A lithium-ion battery consists of several key
components, each playing a critical role in its
operation:

Anode: The anode is usually made of graphite,
which has a layered structure that allows lithium
ions to intercalate (embed) during charging. The
anode stores lithium ions and releases them during
discharging.

Cathode: The cathode is typically made of lithium
metal oxides, such as lithium cobalt oxide (LiC002),
lithium iron phosphate (LiFePOs), or lithium nickel
manganese cobalt oxide (NMC). The cathode
material determines the battery's voltage, capacity,
and thermal stability.

Electrolyte: The electrolyte is a lithium salt
dissolved in an organic solvent. It acts as a medium
for lithium ion transport between the anode and
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cathode. The electrolyte must be chemically stable
and have high ionic conductivity.

Separator: The separator is a porous membrane that
prevents physical contact between the anode and
cathode while allowing lithium ions to pass through.
It is typically made of polyethylene or
polypropylene.

Current Collectors: These are conductive materials
(usually aluminum for the cathode and copper for
the anode) that collect and distribute the electrical
current generated during the electrochemical
reactions.

Casing: The casing encloses the battery components
and provides mechanical support and protection. It
is usually made of metal or polymer materials.

3. Advantages of Lithium-Ion Batteries
Lithium-ion batteries offer several advantages over
other types of rechargeable batteries, making them
the preferred choice for many applications:

High Energy Density: Li-ion batteries have a high
energy density, meaning they can store a large
amount of energy in a relatively small and
lightweight package. This makes them ideal for
portable electronics and electric vehicles.

Long Cycle Life: Li-ion batteries can endure
hundreds to thousands of charge-discharge cycles
before their capacity significantly degrades. This
long cycle life reduces the need for frequent
replacements.

Low Self-Discharge Rate: Compared to other
rechargeable batteries, Li-ion batteries have a low
self-discharge rate, meaning they retain their charge
for longer periods when not in use.

Fast Charging: Li-ion batteries can be charged at a
relatively fast rate, making them convenient for
applications where quick charging is essential.

No Memory Effect: Unlike some other rechargeable
batteries, Li-ion batteries do not suffer from the
memory effect, which can reduce the effective
capacity of the battery over time.

Environmentally Friendly: Li-ion batteries do not
contain toxic heavy metals like lead or cadmium,
making them more environmentally friendly
compared to some other battery types.

4. Disadvantages and Challenges of Lithium-Ion
Batteries

Despite their many advantages, lithium-ion batteries
also have some limitations and challenges:

Safety Concerns: Li-ion batteries are susceptible to
thermal runaway, a condition where excessive heat
causes the battery to catch fire or explode. This is
often caused by overcharging, physical damage, or
manufacturing defects.

Cost: The materials used in Li-ion batteries, such as
cobalt and lithium, are expensive. This makes the
batteries costly to produce, although prices have
been decreasing over time.

Limited Lifespan: While Li-ion batteries have a long
cycle life, they eventually degrade over time,

especially when exposed to high temperatures or
frequent deep discharges.

Resource Availability: The production of Li-ion
batteries relies on finite resources like lithium and
cobalt. The mining of these materials can have
environmental and ethical implications, such as
habitat destruction and labor issues.

Recycling Challenges: Recycling Li-ion batteries is
complex and expensive due to the variety of
materials used and the need to safely handle
hazardous components. However, advancements in
recycling technologies are being made to address
this issue.

5. Applications of Lithium-Ion Batteries
Lithium-ion batteries are used in a wide range of
applications due to their high energy density, long
cycle life, and versatility. Some of the key
applications include:

Consumer Electronics: Li-ion batteries are widely
used in smartphones, laptops, tablets, and other
portable electronic devices due to their compact size
and high energy density.

Electric Vehicles (EVs): The automotive industry
has embraced Li-ion batteries for electric and hybrid
vehicles because of their ability to provide high
power and long driving ranges.

Renewable Energy Storage: Li-ion batteries are used
to store energy generated from renewable sources
like solar and wind, enabling a stable power supply
even when the sun isn't shining or the wind isn't
blowing.

Medical Devices: Portable medical devices, such as
insulin pumps and defibrillators, rely on Li-ion
batteries for their reliability and long life.
Aerospace and Defense: Li-ion batteries are used in
satellites, drones, and military equipment due to
their lightweight and high energy output.

4.2.7 LED
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A Light Emitting Diode (LED) is a
semiconductor device that emits light when an
electric current flows through it. Unlike traditional
incandescent bulbs that produce light by heating a
filament, an LED generates light through a process
called electroluminescence. This process makes
LEDs highly energy efficient, durable, and suitable
for a wide range of modern lighting and electronic
applications. Over the past few decades, LEDs have
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transformed the lighting industry and become a
fundamental component in electronic systems.

The basic structure of an LED consists of a p-n
junction semiconductor. When forward voltage is
applied, electrons from the n-type material
recombine with holes in the p-type material. During
this recombination process, energy is released in the
form of photons, which we perceive as light. The
color of the emitted light depends on the
semiconductor material used and the bandgap
energy. Different materials produce different
wavelengths, resulting in colors such as red, green,
blue, yellow, and white.

One of the most important advantages of LEDs is
their high energy efficiency. They convert a larger
portion of electrical energy into light compared to
incandescent or fluorescent lamps. Traditional bulbs
waste significant energy as heat, while LEDs operate
at lower temperatures and consume less power. This
efficiency reduces electricity costs and supports
sustainable energy practices. Because of this, LEDs
are widely adopted in residential, commercial, and
industrial lighting systems.

LEDs are also known for their long lifespan. A
typical LED can last between 25,000 and 50,000
hours or even more, depending on operating
conditions. In contrast, incandescent bulbs usually
last around 1,000 hours. The extended operational
life reduces maintenance costs and replacement
frequency, making LEDs economically beneficial in
the long term. Their solid-state construction makes
them resistant to shock, vibration, and mechanical
damage.

In practical applications, LEDs are used in numerous
fields. In consumer electronics, they function as
indicator lights, display backlighting, and digital
display segments. In automotive systems, LEDs are
used for headlights, brake lights, and interior
illumination due to their brightness and reliability.
In communication systems, infrared LEDs are used
in remote controls and optical sensors. In modern
architecture, decorative LED lighting enhances
aesthetics while maintaining energy
efficiency.White LEDs deserve special mention
because they have revolutionized general lighting.
White light is typically produced either by
combining red, green, and blue LEDs or by using a
blue LED coated with phosphor material that
converts part of the blue light into other
wavelengths. This innovation allows LEDs to
replace conventional bulbs in homes, offices, and
street lighting. Smart lighting systems also integrate
LEDs with microcontrollers to enable dimming,
color adjustment, and remote control. From a
technical perspective, LEDs require proper current
control. They are current-driven devices, meaning
that excessive current can damage them. Therefore,
current-limiting resistors or constant current drivers
are used in circuits to ensure safe operation.
Parameters such as forward voltage, forward

current, luminous intensity, and viewing angle are
important when selecting an LED for a specific
application. Despite their many advantages, LEDs
have certain limitations. Initial cost may be higher
compared to traditional bulbs, although prices have
decreased significantly over time. Heat management
is also important, especially in high-power LEDs, as
excessive heat can reduce efficiency and lifespan.
Proper heat sinks and thermal design are often
necessary in powerful lighting systems. In
conclusion, LEDs represent a major advancement in
lighting and electronic technology. Their efficiency,
durability, compact size, and versatility make them
indispensable in modern engineering. As technology
continues to evolve, LEDs will remain a key
component in energy-saving solutions and
innovative lighting designs worldwide.

4.2.8 INVERTER

An inverter is an electronic device that converts
direct current (DC) into alternating current (AC). In
solar energy systems, inverters are crucial because
solar panels generate DC electricity, while most
household appliances, industrial equipment, and the
electrical grid operate on AC power. The inverter
not only enables compatibility with conventional
loads but also ensures stable, reliable, and efficient
power delivery.

Working Principle
The fundamental principle of an inverter is based on
DC to AC conversion. It wuses switching
components such as MOSFETs, IGBTs, or
transistors to rapidly alternate the polarity of DC
input, generating a corresponding AC output. This
AC can be further shaped and filtered to produce
either a square wave, modified sine wave, or pure
sine wave depending on the inverter design. In solar
applications, pure sine wave inverters are preferred
because they provide smooth and stable output
similar to grid electricity, which is safe for sensitive
electronic devices.
Construction and Components
A typical inverter consists of several key
components:

1. DC Input Stage: Receives DC power from

solar panels or batteries.
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2. Switching Devices: MOSFETs or IGBTs
alternately switch the DC input to generate
AC.

3. Control Circuit: A microcontroller or
PWM generator controls the switching
frequency and timing to produce the
desired AC waveform.

4. Transformer (Optional): Steps up or
steps down the AC voltage to the required
level, although transformerless inverters
are more common in modern solar systems
due to higher efficiency.

5. Filter Circuit: Capacitors and inductors
smooth the AC output, reducing voltage
ripple and harmonics.

Types of Inverters
In solar applications, inverters are commonly
classified into three types:

1. Square Wave Inverter: Simple design,
low cost, but poor quality AC suitable only
for resistive loads.

2. Modified Sine Wave Inverter: More
efficient than square wave; compatible
with most appliances but can cause
humming in some sensitive devices.

3. Pure Sine Wave Inverter: High-quality
AC output that closely resembles grid
electricity; suitable for all types of
appliances, including sensitive electronics.

Applications in Solar Systems

In solar photovoltaic systems, the inverter plays a
critical role in energy utilization. After DC power
is harvested from solar panels and regulated via DC—
DC converters, the inverter converts it into AC for
domestic, industrial, or grid-connected loads. In off-
grid systems, the inverter ensures uninterrupted
power supply by switching between solar, battery,
and auxiliary sources. In grid-tied solar systems, it
synchronizes the generated AC with grid frequency
and voltage, enabling surplus energy to be exported
to the grid efficiently. Additionally, advanced
inverters incorporate Maximum Power Point
Tracking (MPPT), which optimizes the voltage and
current from solar panels to maximize power output.
Advantages

Inverters provide multiple advantages in renewable
energy systems, including:

e Conversion of DC to AC for load

compatibility.
e Voltage regulation for stable energy
supply.

e Protection against overload, short circuits,
and fluctuations.
e Integration with MPPT for maximum solar
power extraction.
e  Grid synchronization for energy export in
hybrid systems.
Limitations
Despite their importance, inverters have some
limitations. They introduce conversion losses,

which reduce overall system efficiency. They can be
sensitive to temperature variations, and low-
quality inverters may produce high harmonic
distortion, affecting appliance performance. Proper
selection and design are essential to ensure reliable
operation.

Conclusion

The inverter is a pivotal component in solar energy
systems, enabling the use of harvested DC energy
for AC applications. By efficiently converting and
regulating power, integrating MPPT functionality,
and supporting grid synchronization, inverters
ensure that solar systems deliver stable, reliable, and
usable energy. In modern smart solar installations,
high-efficiency pure sine wave inverters enhance
system performance, longevity, and user
compatibility.

4.2.9 RECTIFIER

A rectifier is an essential power electronic device
used to convert alternating current (AC) into direct
current (DC). Since most electrical appliances,
electronic circuits, and DC-powered systems require
a steady and unidirectional flow of current, rectifiers
play a crucial role in power conditioning and energy
conversion. In simple terms, a rectifier takes the AC
supply, which periodically reverses its direction, and
transforms it into a DC output that flows consistently
in one direction. This conversion is the foundation
for operating devices such as battery chargers,
power supplies, motor controllers, communication
equipment, and various industrial automation
systems. Rectifiers operate based on semiconductor
diodes, which allow current to pass in only one
direction while blocking it in the reverse direction.
Depending on the configuration, rectifiers can be
categorized into half-wave, full-wave, and bridge
rectifiers. A half-wave rectifier uses a single diode
to pass only one half of the AC waveform, resulting
in a pulsating DC output with significant ripple.
Although simple and inexpensive, it is inefficient
and used mainly for low-power applications or when
high performance is not essential.

Full-wave rectifiers overcome this limitation by
utilizing both halves of the AC waveform. This can
be achieved using a center-tapped transformer and
two diodes or a bridge rectifier consisting of four
diodes arranged in a bridge configuration. The
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bridge rectifier is the most widely used design due
to its efficiency, higher output voltage, smoother
waveform, and elimination of the need for a center-
tapped transformer. In this arrangement, during both
the positive and negative halves of the AC cycle,
pairs of diodes conduct alternately to ensure that the
current always flows through the load in the same
direction.

TYPES OF RECTIFIERS
Rectifiers are commonly classified into half-wave,
full-wave, and bridge rectifiers.

Half-wave rectifiers allow only one half of the AC
cycle to pass through, producing pulsating DC with
high ripple. They are simple but inefficient for most
applications.

Full-wave rectifiers utilize both halves of the AC
cycle, offering better efficiency and a smoother
output compared to  half-wave  designs.
Bridge rectifiers use four diodes arranged in a
bridge configuration, offering full-wave
rectification without requiring a center-tapped
transformer. This makes them highly popular in
power supplies. In industrial applications, controlled
rectifiers using SCRs regulate output voltage by
adjusting firing angles. Thus, the choice of rectifier
depends on load, efficiency, and desired control.
Working Principle of Rectifiers

A rectifier operates on the principle of allowing
current to flow only in one direction. In diode-based
rectifiers, the diode conducts when forward-biased
and blocks current when reverse-biased. During the
positive half cycle, current flows through the load,
generating DC. During the negative half cycle, the
diode blocks current, preventing reverse flow. Full-
wave and bridge rectifiers use multiple diodes to
redirect the negative half cycle so that current flows
in the same direction across the load. Additional
components such as capacitors, inductors, and filters
are used to reduce ripple and stabilize the DC output.
In advanced applications, rectifiers may include
voltage regulators for maintaining constant output.
ADVANTAGES OF RECTIFIERS

Efficient Conversion of AC to DC

Rectifiers provide an efficient and reliable means to
convert AC into DC, enabling the operation of DC-
based devices. They are vital in consumer
electronics, communication equipment, and
industrial automation. Full-wave and bridge
rectifiers offer high efficiency by using both halves
of the AC cycle.

Simple and Cost-Effective Design

Rectifiers made using semiconductor diodes are
highly economical and simple to construct. The
design requires minimal components, making them
cost-effective for mass production. The compact
size also allows easy integration into various
devices.

Reliable and Durable Operation

Semiconductor diodes used in rectifiers have long
operational life, high switching speed, and excellent

reliability. They can handle significant voltage
variations and power levels. Industrial rectifiers
using SCRs or power transistors offer robust
performance even under demanding conditions.
Wide Range of Applications

Rectifiers are used in chargers, LED drivers,
adapters, power supplies, welding machines, battery
banks, DC motor drives, and renewable energy
systems like solar inverters. Their versatility makes
them a fundamental component in electrical and
electronic systems.

DISADVANTAGES OF RECTIFIERS

Ripple and Poor DC Quality

Basic rectifiers produce pulsating DC with high
ripple, which may not be suitable for sensitive
electronic circuits. Additional filters or regulators
are required to smooth the output, increasing cost
and complexity.

Voltage Drop and Power Losses

Each diode in a rectifier introduces a forward
voltage drop (typically 0.7V for silicon). In bridge
rectifiers, two diodes conduct simultaneously,
causing higher power losses. This reduces overall
efficiency, especially in low-voltage applications.
Limited Control in Uncontrolled Rectifiers
Diode-based rectifiers do not allow output voltage
control. To regulate output, controlled rectifiers
using SCRs or PWM controllers are required, which
increases circuit complexity and cost.

Heating and Thermal Management Issues
Rectifiers handling high power levels generate heat
due to conduction and switching losses. This
requires heat sinks or cooling systems, adding to
design considerations.

Modern power supplies often integrate rectifiers
with advanced power electronic components like
MOSFETs and IGBTs to achieve higher efficiency,
compact design, and better thermal management.
Rectifiers are also vital in renewable energy
systems, such as solar inverters and wind power
converters, where AC-to-DC conversion is
necessary for energy storage.

Overall, rectifiers are fundamental building blocks
of modern electrical and electronic systems. Their
ability to convert AC into usable DC power ensures
reliable functioning of a wide range of household,
industrial, automotive, and communication
technologies.

4.2.10 TRANSMITTER COIL

A transmitter coil is a crucial component in wireless
power transfer systems, particularly in applications
involving resonant inductive coupling, Tesla coil
configurations, and modern contactless energy
transmission technologies. It functions as the
primary element responsible for generating an
oscillating magnetic field that carries electrical
energy across an air gap to a corresponding receiver
coil. By converting electrical power into an
electromagnetic field, the transmitter coil enables
efficient wireless delivery of energy without the
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need for direct conductive contact. Its performance
depends on several interrelated parameters,
including coil geometry, inductance, resonant
frequency, wire type, driving -circuitry, and
environmental conditions.

Typically, a transmitter coil is constructed using
copper wire due to its excellent conductivity and
minimal resistive losses. The wire may be insulated,
enameled, or Litz-wire based depending on the
operating frequency. In high-frequency wireless
charging or Tesla-coil-based systems, Litz wire is
often preferred because it reduces the skin effect and
enhances power transfer efficiency. The physical
structure of the coil—whether it is air-cored, ferrite-
cored, flat spiral, or solenoidal—significantly
affects the magnetic field distribution and coupling
efficiency with the receiver coil. For near-field
resonant systems, a flat spiral coil provides a wider
magnetic flux area, while a solenoid coil generates a
concentrated field suitable for specialized
applications.

When alternating current is applied to the transmitter
coil through an inverter

or high-frequency oscillator circuit, the coil
generates a varying magnetic field according to
Faraday’s Law of Induction. If the receiver coil is
placed within the effective transmission region and
tuned to the same resonant frequency, energy is
wirelessly transferred with high efficiency. In Tesla-
coil-based configurations, the transmitter coil works
in conjunction with capacitors to form a resonant LC
network, enabling the system to achieve extremely
high voltages and strong electromagnetic fields.
This principle is foundational in experiments
demonstrating wireless lighting, high-voltage arcs,
and long-distance energy transmission.
Construction of a Transmitter Coil

A transmitter coil is constructed using conductive
wire wound in circular, spiral, or solenoid form. The
number of turns determines inductance, while
spacing affects magnetic coupling. Some transmitter
coils use ferrite cores to direct magnetic flux and
improve efficiency. High-frequency applications
use litz wire to reduce skin effect and losses. The coil
is driven by an AC power source or an inverter

circuit that generates a controlled oscillating current
at specific resonant frequencies. Proper insulation
ensures safety, while mechanical stability maintains
consistent field generation. In advanced systems like
Tesla coils, the transmitter coil is part of an LC
resonant network that magnifies voltage and
magnetic field strength.

3. Working Principle of a Transmitter Coil

The transmitter coil operates on Faraday’s Law of
Electromagnetic Induction. When alternating
current flows through the coil, it creates a time-
varying magnetic field around it. This magnetic field
induces voltage in nearby conductive loops,
especially a tuned receiving coil. The strength of
energy transfer depends on mutual inductance, coil
spacing, alignment, and frequency. In wireless
charging systems, resonance improves coupling
efficiency by allowing maximum power transfer
even over moderate distances. In Tesla coil systems,
the transmitter coil helps generate extremely high
voltages by coupling energy into a secondary
resonant coil. EMI shielding is sometimes used to
limit unwanted interference.

Advantages of Transmitter Coil

1. Enables Wireless Power Transfer

The most significant benefit of a transmitter coil is
that it allows power to be transferred without
physical connectors. This eliminates mechanical
wear, improves reliability, and allows safe charging
in harsh or wet environments. Devices such as
smartphones, electric toothbrushes, EV wireless
chargers, and medical implants rely on transmitter
coils to deliver energy efficiently and safely.

2. High Efficiency in Short-Range Applications
Inductive and resonant coils provide efficient energy
transfer at short distances. When coils are well
aligned, efficiency can exceed 90%, making them
suitable for high-power applications. This efficiency
is aided by low electrical losses, optimized coil
geometry, and resonance matching.

3. Safe and Environmentally Friendly

Since no exposed metal contacts are needed,
transmitter coils reduce the risk of electric shock,
sparking, or corrosion. They also reduce dependency
on physical connectors, making devices more
durable. In medical devices, the absence of wires
enhances patient comfort and reduces infection risk.
4. Supports Compact and Flexible Designs
Transmitter coils can be embedded in surfaces,
wearables, [oT devices, and vehicle platforms. Their
small size and customizable shapes make them ideal
for integration into compact electronics. Designers
have flexibility to tune inductance and field strength
depending on requirements.

Disadvantages of Transmitter Coil

1. Limited Transmission Distance

Wireless power transfer using transmitter coils is
mostly efficient only over short distances, typically
a few millimeters to a few centimeters. As distance
increases, magnetic coupling decreases drastically,
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reducing efficiency. Long-range systems require
high power and complex tuning.

2. Misalignment Issues

Efficient power transfer demands precise alignment
between the transmitter and receiver coils. Any
lateral or angular misalignment reduces coupling,
leading to slower charging or unstable power flow.
This is a major limitation in mobile and dynamic
applications.

3. Heat Generation and Losses

Coils can generate heat due to resistive losses, eddy
currents, and magnetic leakage. High-frequency
operation increases the skin effect, requiring special
wire types like litz wire. Excessive heat can damage
electronics and reduce system lifespan.

4. Electromagnetic Interference (EMI)
Transmitter coils generate strong magnetic fields
that may interfere with nearby electronic circuits.
Sensitive sensors, communication devices, or
medical instruments may experience noise or
malfunction due to EMI.

4.2.11 RECEIVER COIL

A receiver coil is a fundamental component in
wireless power transfer systems, playing a crucial
role in capturing electromagnetic energy transmitted
by a corresponding transmitter coil. It functions as
the primary interface that converts the alternating
magnetic field present in the air into a usable
electrical output. The receiver coil operates on the
principle of electromagnetic induction, where a
changing magnetic field induces a voltage in a
conductor. This simple yet powerful concept allows
devices to receive power without the need for
physical electrical  connections, eliminating
conventional wires and enhancing both convenience
and safety.

In typical wireless energy systems, the receiver coil
is constructed using copper wire wound into a
circular, spiral, or helical shape. Copper is preferred
because of its high conductivity, low resistance, and
ability to efficiently handle high-frequency currents.
The shape, number of turns, and diameter of the coil
determine key electrical characteristics such as
inductance, resistance, and resonant frequency.
These factors directly affect the power transfer
efficiency and the distance over which energy can be

received. A well-designed receiver coil is tuned to
resonate at the same frequency as the transmitter
coil, enabling maximum energy coupling through
magnetic resonance.

WORKING PRINCIPLE OF RECEIVER COIL
The receiver coil operates on the basis of
electromagnetic induction, governed by Faraday’s
Law. When the transmitter coil produces a varying
magnetic field, the receiver coil intercepts this field.
This induced magnetic flux generates an alternating
voltage across the coil terminals. The AC output is
then passed through a rectifier, filter, and voltage
regulation circuit to deliver clean DC power to the
load. The amount of induced voltage depends on
parameters such as coil turns, coil area, core
material, and mutual inductance between the coils.
Proper alignment between the transmitter and
receiver coils enhances coupling coefficient and
boosts power transfer efficiency. In modern
applications, resonance tuning is used to increase
range and reduce energy losses by matching the
resonant frequencies of the two coils.

TYPES OF RECEIVER COILS

a. Air-Core Coils

These are simple coils without magnetic cores,
mostly used in low-power wireless chargers and
consumer devices. They offer low cost and reduced
eddy current losses.

b. Ferrite-Core Coils

Ferrite enhances magnetic flux concentration,
improving coupling and efficiency, especially in
high-power systems like EV charging pads.

¢. PCB Planar Coils

Printed spiral coils on PCBs used in compact devices
such as IoT sensors, wearables, and smartphones.
d. Litz-Wire Coils

These minimize skin effect and proximity effect
losses at high frequencies, making them suitable for
efficient medium-to-high-power transfer.
ADVANTAGES OF RECEIVER COIL

a. Enables Contactless Power Transfer

Receiver coils eliminate the need for physical wired
connections, reducing mechanical wear, electrical
contact issues, and cable maintenance. This
increases the lifespan of devices, especially those
that require frequent charging.

b. Improves Safety and Water Resistance

Since there are no exposed terminals, systems using
receiver coils are safer in wet, dusty, or hazardous
environments. Devices can be fully sealed,
supporting IP67 or IP68 ratings.

c. Enhances Flexibility and User Convenience
Wireless charging systems using receiver coils allow
users to simply place devices on charging pads. For
embedded applications like medical implants,
receiver coils eliminate the need for risky battery
replacements.

d. Suitable for Moving or Rotating Equipment
Receiver coils are ideal for applications where wired
connections are impractical, such as rotating
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machinery, robotics, drones, and electric vehicle
charging.
e. Supports Miniaturization
PCB-based receiver coils enable compact,
lightweight designs suitable for wearable
electronics, IoT devices, and biomedical sensors.
DISADVANTAGES OF RECEIVER COIL
a. Limited Power Transfer Distance
Receiver coils typically require precise alignment
and close proximity to the transmitter coil. Even
small misalignments can significantly reduce
efficiency and output power.
b. Lower Efficiency Compared to Wired Power
Wireless power transfer suffers from coupling
losses, eddy currents, and heat generation.
Efficiency may range from 40% to 90%, depending
on coil design and positioning.
c. Higher Implementation Cost
High-quality ferrite materials, Litz wire, and
resonant compensation networks increase the cost
compared to traditional wired solutions. Complex
control and shielding circuits further add to
expenses.
d. Heat Generation Issues
Receiver coils may heat up during power transfer
due to resistive and magnetic losses. This can affect
device performance, especially in compact
electronic gadgets or medical devices.
e. Sensitivity to Foreign Objects
Metal objects near the coil can cause energy
absorption, reducing efficiency and posing safety
risks. Hence, foreign object detection (FOD) circuits
must be included, adding complexity.

CHAPTER 5

SOFTWARE REQUIREMENTS

5.1 ARDUINO IDE

The Arduino integrated development
environment (IDE) is a cross-platform application
(for Windows, macOS, Linux) that is written in the
programming language Java. It is used to write and
upload programs to Arduino board. The source code
for the IDE is released under the GNU General
Public License, version 2. The Arduino IDE
supports the languages C and C++ using special
rules of code structuring.! The Arduino IDE
supplies a software library from the Wiring project,
which provides many common input and output
procedures. User-written code only requires two
basic functions, for starting the sketch and the main
program loop, that are compiled and linked with a
program stub main() into an executable cyclic
executive program with the GNU tool chain, also
included with the IDE distribution. The Arduino
IDE employs the program argued to convert the
executable code into a text file in hexadecimal
encoding that is loaded into the Arduino board by a
loader program in the board's firmware. Arduino is
an open-source electronics platform based on easy-
to-use hardware and software. Arduino boards are

able to read inputs - light on a sensor, a finger on a
button, or a Twitter message - and turn it into an
output - activating a motor, turning on an LED,
publishing something online. You can tell your
board what to do by sending a set of instructions to
the microcontroller on the board

& sketch_janD4a | Arduino 1.8.5 — [m} *

File Edit Sketch Tools Help

QO BERA

sketch_jan04a§

ur main code here, to run repeatedly:

Arduino/Genuino Uno on COM1

Arduino IDE

The Arduino IDE is incredibly
minimalistic, yet it provides a near-complete
environment for most Arduino-based projects.
The top menu bar has the standard options,
including “File” (new, load save, etc.), “Edit”
(font, copy, paste, etc.), “Sketch” (for compiling
and programming), “Tools” (useful options for
testing projects), and “Help”. The middle section
of the IDE is a simple text editor that where you
can enter the program code. The bottom section of
the IDE is dedicated to an output window that is
used to see the status of the compilation, how
much memory has been used, any errors that were
found in the program, and various other useful
messages. Projects made using the Arduino are
called sketches, and such sketches are usually
written in a cut-down version of C++ (a number
of C++ features are not included). Because
programming a microcontroller is somewhat
different from programming a computer, there are
a number of device-specific libraries (e.g.,
changing pin modes, output data on pins, reading
analog values, and timers). This sometimes
confuses users who think Arduino is programmed
in an “Arduino language.” However, the Arduino
is, in fact, programmed in C++. It just uses unique
libraries for the device. The Arduino Integrated
Development Environment - or Arduino Software
(IDE) - contains a text editor for writing code, a
message area, a text console, a toolbar with buttons
for common functions and a series of menus. It
connects to the Arduino and Genuine hardware to
upload programs and communicate with them.
Programs written using Arduino Software (IDE) are
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called sketches. These sketches are written in the
text editor and are saved with the file extension .ino.
The editor has features for cutting/pasting and for
searching/replacing text. The message area gives
feedback while saving and exporting and also
displays errors. The console displays text output by
the Arduino Software (IDE), including complete
error messages and other information. The bottom
right hand corner of the window displays the
configured board and serial port. The toolbar buttons
allow you to verify and upload programs, create,
open, and save sketches, and open the serial monitor.
LIBRARIES

Libraries provide extra functionality for
use in sketches, e.g. working with hardware or
manipulating data. To use a library in a sketch, select
it from the Sketch > Import Library menu. This
will insert one or more #include statements at the
top of the sketch and compile the library with your
sketch. Because libraries are uploaded to the board
with your sketch, they increase the amount of space
it takes up. If a sketch no longer needs a library,
simply delete its #include statements from the top of
your code.

There is a list of libraries in the reference.
Some libraries are included with the Arduino
software. Others can be downloaded from a variety
of sources or through the Library Manager. Starting
with version 1.0.5 of the IDE, you do can import a
library from a zip file and use it in an open sketch.
CONNECTING THE ARDUINO
Connecting an Arduino board to your PC is quite
simple. On Windows:

1. Plug in the USB cable - one end to the PC, and
one end to the Arduino board.

2. When prompted, select "Browse my computer for
driver" and then select the folder to which you
extracted your original Arduino IDE download.

3. You may receive an error that the board is not a
Microsoft certified device - select “Install anyway.”
4. Your board should now be ready for
programming.

When programming your Arduino board it
is important to know what COM port the Arduino is
using on your PC. On Windows, navigate to Start-
>Devices and Printers, and look for the Arduino.
The COM port will be displayed underneath.

Alternatively, the message telling you that
the Arduino has been connected successfully in the
lower-left hand corner of your screen usually
specifies the COM port is it using.

PREPARING THE BOARD

Before loading any code to your Arduino
board, you must first open the IDE. Double click the
Arduino .exe file that you downloaded earlier. A
blank program, or "sketch," should open.

The Blink example is the easiest way to test
any Arduino board. Within the Arduino window, it
can be found under File->Examples->Basics-
>Blink.

Before the code can be uploaded to your board, two
important steps are required.

1. Select your Arduino from the list under Tools-
>Board. The standard board used in RBE 1001,
2001, and 2002 is the Arduino Mega 2560, so select
the "Arduino Mega 2560 or Mega ADK" option in
the dropdown.

2. Select the communication port, or COM port, by
going to Tools->Serial Port.

If you noted the COM port your Arduino board is
using, it should be listed in the dropdown menu. If
not, your board has not finished installing or needs
to be reconnected.

LOADING CODE

The upper left of the Arduino window has
two buttons: A checkmark to Verify your code, and
a right-facing arrow to Upload it. Press the right
arrow button to compile and upload the Blink
example to your Arduino board.

The black bar at the bottom of the Arduino
window is reserved for messages indicating the
success or failure of code uploading. A "Completed
Successfully" message should appear once the code
is done uploading to your board. If an error message
appears instead, check that you selected the correct
board and COM port in the Tools menu, and check
your physical connections.

If uploaded successfully, the LED on your
board should blink on/off once every second. Most
Arduino boards have an LED prewired to pin 13.

I t is very important that you do not use pins
0 or 1 while loading code. It is recommended that
you do not use those pins ever.

Arduino code is loaded over a serial port to
the controller. Older models use an FTDI chip which
deals with all the USB specifics. Newer models have
either a small AVR that mimics the FTDI chip or a
built-in USB-to-serial port on the AVR micro-
controller itself.

CHAPTER 6
METHODOLOGY

The methodology of the proposed solar-assisted
low-power wireless charging system is designed to
integrate renewable energy harvesting, wireless
power transfer, and intelligent control in a structured
manner. Initially, the system captures solar energy
using a photovoltaic panel, which converts sunlight
into electrical energy. This energy is regulated
through a charging circuit and stored in a
rechargeable battery to ensure stable and continuous
power supply. During operation, the stored DC
power is supplied to the transmitter circuit, where it
is converted into an alternating current using an
inverter stage. This alternating current energizes the
transmitter coil, creating a fluctuating magnetic field
required for inductive wireless power transfer. The
receiver coil placed within the effective range
captures this magnetic field and converts it back into
electrical energy, which is used to charge consumer
electronic devices. An ATmega328 microcontroller
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is programmed to continuously monitor system
parameters such as coil alignment, output voltage,
and temperature levels. Based on these inputs, it
provides control signals to maintain system
efficiency and safety. A real-time LED indicator
system is implemented to guide proper alignment
between coils, ensuring maximum power transfer
efficiency. Additionally, a thermal monitoring
mechanism is used to detect overheating conditions
and trigger protective actions when required. The
L293D motor driver assists in controlled load
regulation. Overall, the methodology ensures
efficient, safe, and sustainable wireless charging
through coordinated hardware and intelligent
control strategies.
6.1 MODULES
Solar Energy Harvesting Module
Power Management and Storage Module
Wireless Power Transfer Module
Microcontroller and Control Module
(ATmega328)

v Alignment Detection and Feedback

Module

v Thermal Monitoring and Safety Module
6.2 MODULES DESCRIPTION
1. Solar Energy Harvesting Module
The solar energy harvesting module is responsible
for capturing renewable energy from sunlight using
a photovoltaic (PV) panel. The solar panel converts
solar radiation into electrical DC power, which
serves as the primary energy source for the system.
This module reduces dependency on conventional
grid electricity and supports sustainable operation.
The generated power is passed through a charging
and regulation circuit to maintain stable voltage
levels suitable for battery charging. A rechargeable
battery is used to store the harvested energy for
continuous and off-grid operation. This module
ensures that the wireless charging system remains
energy-efficient, eco-friendly, and reliable even in
varying environmental conditions.
2. Power Management and Storage Module
The power management and storage module
regulates and distributes the energy collected from
the solar panel. It ensures that the battery is charged
safely without overcharging or deep discharge
conditions. Voltage regulators and charging control
circuits are used to maintain stable power flow. The
stored energy in the battery acts as a backup supply,
enabling the system to function during low sunlight
or nighttime conditions. This module also supplies
controlled DC power to the transmitter circuit for
wireless energy transfer. It plays a crucial role in
maintaining system stability, efficiency, and
uninterrupted operation under different
environmental and load conditions.
3. Wireless Power Transfer Module
The wireless power transfer module is the core of the
system and operates based on inductive coupling. It
consists of a transmitter coil and a receiver coil that

ANENENEN

facilitate contactless energy transfer. When
alternating current flows through the transmitter
coil, it generates a magnetic field that induces
voltage in the receiver coil. This induced energy is
then used to charge consumer electronic devices.
The efficiency of this module depends on coil
alignment and distance between transmitter and
receiver. The module eliminates physical
connectors, reduces wear and tear, and provides a
convenient charging experience for low-power
electronic applications.

4. Microcontroller and Control Module

The microcontroller and control module is built
around the ATmega328 microcontroller, which acts
as the central processing unit of the system. It
continuously monitors key parameters such as coil
alignment, voltage levels, and temperature
variations. Based on sensor inputs, it generates
control signals to optimize system performance and
ensure safety. The microcontroller processes real-
time data and manages communication between
different modules. It also controls the LED-based
alignment indicators, providing visual feedback to
the user. This intelligent control system enhances
efficiency, reduces energy loss, and ensures stable
operation of the wireless charging system under
varying conditions.

5. Alignment Detection and Feedback Module
The alignment detection and feedback module helps
users achieve optimal positioning between the
transmitter and receiver coils. It uses simple sensor
inputs or signal strength analysis to determine
alignment accuracy. Based on the detected
condition, LED indicators provide real-time
feedback, where a green light indicates proper
alignment and efficient energy transfer, while a red
light signals misalignment. This module is essential
for  maximizing charging efficiency, as
misalignment can significantly reduce power
transfer. It improves user interaction by providing an
easy-to-understand visual guide, ensuring that the
device is placed correctly for effective and stable
wireless charging performance.

6. Thermal Monitoring and Safety Module

The thermal monitoring and safety module ensures
the system operates within safe temperature limits.
It continuously tracks the temperature of critical
components such as coils, power circuits, and
battery units using temperature sensors. If the
system detects overheating conditions, it triggers
preventive actions such as reducing power output or
temporarily stopping charging to avoid damage.
This module enhances the reliability and lifespan of
the system by preventing thermal stress. It also
ensures user safety by avoiding excessive heat
generation during operation. Overall, this module
plays a vital role in maintaining stable, secure, and
efficient wireless charging performance.
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CHAPTER 7
RESULT & DISCUSSION

7.1 RESULT

The implemented solar-assisted low-power
wireless charging system was tested under different
operating conditions to evaluate its performance in
terms of efficiency, stability, alignment accuracy,
and thermal behavior. The system successfully
demonstrated wireless energy transfer through
inductive coupling between the transmitter and
receiver coils, powered by a solar-charged battery.
The ATmega328 microcontroller effectively
monitored system parameters and ensured stable
operation throughout the testing process.
During testing, the LED-based alignment indicator
provided clear and immediate feedback. When the
receiver coil was properly aligned with the
transmitter coil, the green LED remained active,
indicating optimal energy transfer conditions. In
cases of misalignment, the red LED was triggered,
allowing users to reposition the device for improved
efficiency. This feature significantly reduced energy
loss caused by improper coil placement. The thermal
monitoring system also performed efficiently by
continuously observing temperature variations in
critical components. Under normal load conditions,
the system maintained stable temperature levels
without any overheating issues. Even during
extended operation, the integration of thermal
control mechanisms ensured safe performance. The
solar energy subsystem successfully charged the
battery during daylight conditions, and the stored
energy was effectively utilized for wireless charging
operations during non-sunlight hours. Overall, the
system achieved improved energy utilization,
reduced dependency on grid -electricity, and
demonstrated reliable off-grid functionality. The
experimental results confirm that the proposed
system is capable of delivering stable low-power
wireless charging with enhanced efficiency, safety,
and user convenience compared to conventional
methods.
7.2 DISCUSSION

The results obtained from the proposed
system highlight the effectiveness of integrating
solar energy with intelligent wireless charging
technology. One of the key observations is the
improved efficiency achieved through real-time
alignment feedback. Misalignment is one of the
major causes of power loss in inductive charging
systems, and the LED-based indication system
successfully minimized this issue by guiding the
user toward optimal coil positioning. The use of a
solar photovoltaic system adds a significant
advantage in terms of sustainability. Unlike
conventional systems that rely solely on grid
electricity, this system can operate in an off-grid
environment, making it suitable for rural and remote
applications. The energy stored in the battery

ensures continuous operation even during low
sunlight conditions, improving reliability. The
ATmega328 microcontroller plays a crucial role in
system coordination by continuously monitoring
alignment, temperature, and power levels. This
intelligent control improves overall stability and
prevents unsafe operating conditions. The thermal
management module further enhances system safety
by preventing overheating, which is a common issue
in wireless power systems. However, the system is
primarily designed for low-power applications, and
scaling it for high-power devices may require
additional optimization in coil design and power
electronics. Environmental factors such as sunlight
availability also influence overall performance,
which may require hybrid energy integration in
future enhancements. Overall, the discussion
confirms that the proposed system successfully
combines renewable energy, wireless charging, and
intelligent control to deliver a practical, efficient,
and eco-friendly solution. It represents a meaningful
improvement over traditional charging systems in
terms of usability, safety, and sustainability.

CHAPTER 8
CONCLUSION & FUTURE ENHANCEMENT

8.1 CONCLUSION

The proposed solar-assisted low-power
wireless charging system successfully demonstrates
an efficient and sustainable approach to modern
charging requirements for consumer electronics. By
integrating solar energy harvesting with inductive
wireless power transfer and microcontroller-based
control, the system addresses key limitations found
in conventional wired and basic wireless charging
methods. The reliance on solar energy enables off-
grid  operation, reducing dependency on
conventional electricity sources and promoting
environmentally friendly energy utilization. The
implementation of the ATmega328 microcontroller
enhances the intelligence of the system by
continuously monitoring critical parameters such as
coil alignment, output stability, and temperature
variations. This ensures that the system operates
within safe limits while maintaining optimal power
transfer efficiency. The real-time alignment
detection mechanism using LED indicators
simplifies user interaction and significantly reduces
energy losses caused by improper coil positioning.
Thermal management also plays a vital role in
ensuring system reliability and safety. By
monitoring temperature levels and preventing
overheating conditions, the system enhances the
lifespan of both electronic components and
connected devices. Experimental observations
confirm that the proposed system offers improved
efficiency, better stability, and safer operation
compared to traditional charging techniques.
Overall, the system provides a compact, cost-
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effective, and eco-friendly solution for low-power
wireless charging applications. It effectively
combines renewable energy integration with
intelligent control features, making it suitable for
modern portable electronic devices. The design
proves that sustainable energy and smart electronics
can be successfully integrated to develop practical
real-world solutions. This work contributes toward
the development of greener and more efficient
charging technologies that align with future energy
conservation goals.
8.2 FUTURE SCOPE

The proposed solar-assisted wireless
charging system offers a strong foundation for
further enhancements and advanced applications in
the field of sustainable energy and smart electronics.
One of the primary future improvements involves
increasing the power transfer capability of the
system. Currently designed for low-power consumer
devices, the system can be scaled to support medium
and high-power applications such as laptops, electric
bikes, and IoT hubs by optimizing coil design,
increasing switching frequency, and improving
power electronics efficiency. Another important
area of development is the integration of advanced
control algorithms. Techniques such as Maximum
Power Point Tracking (MPPT) for solar
optimization and adaptive resonance tuning for
wireless power transfer can significantly improve
overall system efficiency. Machine learning-based
alignment prediction systems could also be
introduced to automatically adjust coil positioning
for maximum power transfer without user
intervention. The system can further be enhanced by
incorporating loT-based remote monitoring and
control features. This would allow users to track
energy generation, battery status, charging
efficiency, and temperature conditions through
mobile applications or cloud platforms. Such
integration would make the system more interactive
and suitable for smart home environments. In
addition, hybrid energy sources such as wind or grid
backup can be included to ensure uninterrupted
operation under all environmental conditions.
Advanced thermal management techniques,
including heat sinks with active cooling systems, can
also be implemented to improve long-term
reliability. Overall, the future scope of this project
lies in transforming it into a fully intelligent, high-
efficiency, multi-source  wireless  charging
ecosystem. With further research and development,
it has the potential to become a key technology in
sustainable  energy-based  smart  charging
infrastructure.
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