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ABSTRACT :

The increasing dependence on fossil fuels has led to environmental pollution and energy depletion, creating a need for renewable
sportation systems. This project presents a Solar Powered Arduino Based Bluetooth Controlled Car Using Mobile Application, which
demonstrates an eco-friendly and wireless vehicle control system.

The system uses a solar panel to convert sunlight into electrical energy, which is stored in a rechargeable battery. An Arduino UNO
ts as the main controller, receiving commands from a mobile application through an HC-05 Bluetooth module. Based on the received
mands, the Arduino controls the movement of the vehicle using an L298N motor driver connected to DC gear motors.

. This system provides a simple, cost-effective, and energy-efficient solution for wireless vehicle control. It is suitable for educational
purposes and prototype development, promoting sustainable and pollution-free transportation technologies.

INTRODUCTION ; The system integrates

solar energy generation, energy

The rapid increase in storage, embedded control, and
the use of fossil fuel-based vehicles wireless communication to provide a

has caused serious environmental modern and eco-friendly
issues such as air pollution, global
warming, and depletion of natural
resources. To overcome these
problems, renewable energy sources
such as solar energy are widely
being adopted.

transportation solution.

LITERATURE REVIEW :

e R. Kumar et al. (2024) developed a

Solar energy is clean, solar-powered  electric  vehicle

renewable, and abundant, making it
an ideal alternative for powering
electric  vehicles. This project
focuses on developing a solar-
powered vehicle prototype that can
be controlled wirelessly using a
mobile phone.

system that reduced fuel usage but
depended heavily on sunlight.

S. Mehta et al. (2023) designed a
Bluetooth-controlled vehicle with
simple wireless control but limited
range.
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e Verma et al. (2022) proposed a
solar-assisted hybrid system that
improved efficiency but had low
solar output.

P. Raj et al. (2021) introduced a mobile-
controlled robotic vehicle with user-
friendly control but short operating
distance.

PROBLEM STATEMENT :

The rapid growth in the use of
conventional fossil fuel-based vehicles
has led to serious environmental and
energy-related issues. The excessive
consumption of petrol and diesel
contributes to air pollution, global
warming, and depletion of non-renewable
energy resources. These problems create
an urgent need for alternative energy
solutions that are clean, sustainable, and
cost-effective.

Although electric vehicles have been
introduced as a solution, they are often
expensive and complex, making them
less suitable for small-scale and
educational applications. Additionally,
many existing systems lack simple and
user-friendly control ~mechanisms,
especially in low-cost prototypes.

Another major challenge is
the efficient utilization of renewable
energy sources such as solar energy.
While solar energy is abundant and
eco-friendly, its integration into
practical vehicle systems is still
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limited due to design complexity and
efficiency issues.

Furthermore, traditional
vehicle control systems require
manual operation or wired control,
which reduces flexibility and
convenience. There is a need for a
wireless control system that allows
easy operation using commonly
available devices like smartphones.

PROPOSED SYSTEM :

The proposed system aims to
develop a Solar Powered Arduino
Based Bluetooth Controlled Car
Using Mobile Application, which
integrates renewable energy
utilization with wireless control
technology. The system is designed
to be simple, cost-effective, and
suitable for small-scale applications
and educational purposes.

The overall system consists
of a solar energy generation unit,
energy storage system, control unit,
communication module, and motor
driving unit. The solar panel is used
to convert sunlight into electrical
energy, which is then regulated and
stored in a rechargeable battery
through a Battery Management
System (BMS). This ensures safe
charging and prevents overcharging
or deep discharge of the battery.

The stored energy in the
battery is utilized to power the entire
system. A buck converter 1s used to
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step down the battery voltage to a
stable 5V supply required for the
Arduino UNO and Bluetooth
module. The Arduino UNO acts as
the main controller of the system,
responsible for processing input
commands and controlling the
movement of the vehicle.

A Bluetooth module (HC-
05) is connected to the Arduino
UNO, which enables wireless
communication between the mobile
application and the vehicle. The user
sends commands such as forward,
reverse, left, right, and stop through
the mobile application. These
commands are received by the
Bluetooth module and transmitted to
the Arduino.

Based on the received
commands, the Arduino generates
control signals and sends them to the
motor driver (L298N). The motor
driver acts as an interface between
the Arduino and the DC motors. It
controls the direction and speed of
the motors by supplying appropriate
voltage and current.

The motor driver is
connected to four DC gear motors,
which are attached to the wheels of
the vehicle. Depending on the
control signals, the motors rotate in
different directions, enabling the
movement of the car.

WORKING PRINCIPLE :
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The working principle of
the Solar Powered Arduino Based
Bluetooth Controlled Car Using
Mobile Application is based on the
integration  of  solar  energy
conversion, energy storage, wireless
communication, and motor control
systems.

Initially, the solar panel
plays a major role in the system by
converting sunlight into electrical
energy using the photovoltaic effect.
This generated electrical energy is
then passed through a charge
controller or Battery Management
System (BMS), which regulates the
charging process and ensures the
safety of the battery by preventing
overcharging and reverse current
flow.

The regulated energy is
stored in a rechargeable lithium-ion
battery, which acts as the main
power source for the entire system.
Since the battery voltage may be
higher than the required operating
voltage of the control components, a
buck converter is used to step down
the voltage to a stable 5V supply
suitable for the Arduino UNO and
Bluetooth module.

The Arduino UNO
functions as the central control unit
of the system. It continuously
monitors and  processes  the
commands received from the
Bluetooth module. The HC-05
Bluetooth module establishes a

ISSN: 2395-1303

http://www.ijetjournal.org Page 933



http://www.ijetjournal.org/

wireless communication link
between the mobile application and
the Arduino. When the user sends
commands such as forward, reverse,
left, right, or stop through the mobile
application, these signals are
transmitted via Bluetooth to the HC-
05 module.

Upon receiving the
command, the Bluetooth module
forwards the data to the Arduino
UNO. The Arduino then processes
the received command and generates
appropriate digital output signals
based on predefined programming
logic.

These output signals are
sent to the motor driver (L298N),
which acts as an interface between
the low-power Arduino and high-
power DC motors. The motor driver
controls the direction and speed of
the motors by switching the polarity
of the voltage supplied to them.

The motor driver is
connected to four DC gear motors
attached to the wheels of the vehicle.
Based on the control signals:

For forward movement, all motors
rotate in the forward direction

For reverse movement, motors rotate
in the opposite direction

For left or right movement, motors
on one side rotate while the other
side stops or moves differently

For stop command, all motors are
turned OFF
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As a result, the vehicle moves
according to the commands given
through the mobile application.

Overall Operation Summary:

Sunlight — converted into electrical
energy (solar panel)

Energy — stored in battery (via
BMYS)

Battery — supplies power to system
Buck converter
regulated voltage
Mobile app — sends command

—  provides

Bluetooth module — receives signal
Arduino — processes command
Motor driver — controls motors
Motors — move vehicle

SYSTEM ARCHITECTURE :

1.

The system
architecture of the Solar Powered
Arduino Based Bluetooth
Controlled Car Using Mobile
Application consists of multiple
interconnected modules that work

together to  achieve  energy
generation, storage, control,
communication, and vehicle
movement.

The entire system can be divided
into the following main blocks:

Solar Energy Generation Unit
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This unit consists of a
solar panel, which converts sunlight
into electrical energy using the
photovoltaic effect. The generated
DC voltage is used as the primary
energy source for the system.
Converts solar energy into electrical
energy
Provides clean and renewable power
Output depends on sunlight intensity

Energy Storage System

The electrical energy
generated by the solar panel is stored
in a rechargeable battery.

A Battery Management System
(BMS) is used to regulate charging
Prevents overcharging, deep
discharge, and short circuits
Ensures battery safety and longer
life

The battery acts as the main
power supply for the system when
sunlight is not available.

Power Regulation Unit

Since the battery voltage
may not match the required
operating voltage of the control
components, a buck converter is
used.

Steps down voltage to a stable 5V
Supplies regulated power to Arduino
and Bluetooth module

Ensures proper functioning of
electronic components
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Control Unit (Arduino UNO)

The Arduino UNO is the core of the
system.

Receives input commands from
Bluetooth module

Processes commands using
embedded program

Generates output signals for motor
control

Acts as the decision-making unit

Communication Unit (Bluetooth
Module — HC-05)

This module enables wireless
communication between the mobile
phone and the vehicle.

Receives commands from mobile
application

Sends data to Arduino

Supports  short-range  wireless
communication

Motor Driver Unit (L298N)

The motor driver acts as an
interface between the Arduino and
DC motors.

Controls direction of motors
Provides sufficient current to motors
Receives signals from Arduino

Drive System (DC Gear Motors &
Wheels)
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This unit 1s responsible for vehicle
movement.

Consists of four DC gear motors
Motors are connected to wheels
Converts electrical energy into
mechanical motion

Overall Architecture Flow:
Based on your system:

Solar Panel — Solar Converter —
BMS — Battery

Battery — Buck Converter —
Arduino UNO — Bluetooth

Arduino UNO — Drive Signal —
Motor Driver

Motor Driver — 4 DC Motors —
Vehicle Movement

Architecture
Explanation):

Description  (Flow

Solar panel generates -electrical
energy

Energy is regulated
converter and BMS
Battery stores energy
Buck converter provides stable
voltage

through

Arduino receives commands via
Bluetooth

Arduino processes commands
Motor driver controls motors
Motors drive the vehicle

Key Features of Architecture:
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e Modular design (easy to understand)
e Efficient energy utilization

e Wireless control system

e Safe battery management

e Scalable for future improvements

SIGNAL FLOW:

The signal flow of the
Solar Powered Arduino Based
Bluetooth Controlled Car Using
Mobile Application describes how
control commands and -electrical
signals move through different
components of the system to achieve
vehicle movement.

The system involves
both power flow and control signal
flow, which work together for
proper operation.

1. Control Signal Flow
Step-by-step process:

1) The user gives commands (Forward,
Reverse, Left, Right, Stop) using a
mobile application

2) These commands are transmitted
wirelessly via Bluetooth

3) The HC-05 Bluetooth module
receives the signals

4) The received data is sent to the
Arduino UNO

5) The  Arduino  processes the
command using the programmed
logic

6) Based on the command, Arduino
generates output control signals

7) These signals are sent to the L298N
motor driver
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8) The motor driver controls the
direction and speed of the motors
9) The motors rotate accordingly,

resulting in vehicle movement
2. 2.Power Flow

The power flow ensures that all components
receive the required electrical
energy.

Step-by-step process:

e Solar panel converts sunlight into
electrical energy

e Energy is passed through the solar
converter/BMS

e Battery stores the electrical energy

e Battery supplies power to the system

¢ Buck converter regulates voltage to
5V

e Arduino and Bluetooth module
receive regulated power

e Motor driver receives power from
battery

e Motors receive power through motor
driver

3. Combined System Flow:

Overall working:

Power Flow — Provides energy to all
components

Signal Flow — Controls movement of
vehicle

Both flows work simultaneously to operate
the system efficiently.

4. Summary of Signal Flow

Mobile App — Bluetooth Module
— Arduino UNO
Arduino — Motor Driver — DC
Motors
Motors — Vehicle Movement

5. Key Points

e Wireless communication using
Bluetooth

e Fast response to user commands

e Efficient coordination between
control and power systems

e Simple and reliable  signal
transmission

ALGORITHM:

The algorithm defines the
step-by-step procedure followed by
the Solar Powered Arduino Based
Bluetooth Controlled Car to control
the movement of the vehicle based
on user commands.

1. Start the system

e Power ON the circuit using the
switch

¢ Initialize all components

2. Initialize Arduino and Bluetooth
module

e Set motor control pins as OUTPUT

e Initialize serial communication for
HC-05

3. Set motor speed

e Enable motor driver using PWM
(ENA, ENB)

e Set desired speed value

4. Wait for command
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e Continuously check for incoming Receive Command — Process —
data from Bluetooth module Control Motors — Repeat — Stop
5. Receive command from mobile
application Key Points
e Read the input data (character or e Continuous loop execution
string) e Real-time response to commands
6. Process the command e Simple decision-making logic
Compare received command with e Efficient motor control

predefined instructions
7. Control motor based on command

If command = Forward Code:
— Rotate all motors in forward #define motorAl 7
direction #define motorA2 6
e Ifcommand = Reverse #define motorB1 5
— Rotate all motors in reverse #define motorB2 4
direction #define ENA 9
o [fcommand = Left #define ENB 3
— Left motors stop / right motors
rotate void setup()
e [fcommand = Right { Serial.begin(9600);
— Right motors stop / left motors pinMode(motorAl, OUTPUT);
rotate pinMode(motorA2, OUTPUT);
e Ifcommand = Stop pinMode(motorB1, OUTPUT);
— Stop all motors pinMode(motorB2, OUTPUT);
8. Send control signals to motor driver pinMode(ENA, OUTPUT);
e Arduino outputs HIGH/LOW pinMode(ENB, OUTPUT);
signals to L298N h
9. Motor driver activates motors
e Motors rotate as per command void loop() {
10.Repeat the process continuously if (Serial.available()) {
e Loop runs until system is powered char command = Serial.read();
OFF controlMotors(command);
11.Stop the system ;
e Turn OFF power supply J
Algorithm Representation (Short Form) void controlMotors(char command)
Start — Initialize — Wait for Command — { analogWrite(ENA, 200);

analogWrite(ENB, 200);
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switch (command)

{ case 'F'": // Forward
digital Write(motorAl, LOW);
digital Write(motorA2, HIGH);
digital Write(motorB1, HIGH);
digital Write(motorB2, LOW);
break;

case 'B": // Backward
digitalWrite(motorAl, HIGH);
digital Write(motorA2, LOW);
digital Write(motorB1, LOW);
digital Write(motorB2, HIGH);
break;

case 'L": // Left
digital Write(motorA1l, LOW);
digitalWrite(motorA2, HIGH);
digital Write(motorB1, LOW);
digital Write(motorB2, LOW);
break;

case 'R": // Right
digital Write(motorA1, LOW);
digital Write(motorA2, LOW);
digital Write(motorB1, HIGH);
digital Write(motorB2, LOW);
break;

case'S'": // Stop

digital Write(motorAl, LOW);
digital Write(motorA2, LOW);
digital Write(motorB1, LOW);
digital Write(motorB2, LOW);
analogWrite(ENA, 0);
analogWrite(ENB, 0);

break;

ADVANTAGES:

The Solar Powered
Arduino Based Bluetooth
Controlled Car Using Mobile
Application offers several
advantages in terms of energy
efficiency, environmental impact,
and system design.

One of the major
advantages of this system is the use
of solar energy, which is a clean,
renewable, and sustainable source of
power. Unlike conventional vehicles
that rely on fossil fuels, this system
does not produce harmful emissions,
thereby reducing environmental
pollution and contributing to a
greener environment.

The system is also
cost-effective, as it uses easily
available and low-cost components
such as Arduino UNO, HC-05
Bluetooth module, and DC motors.
This makes it highly suitable for
students and educational projects
without requiring high investment.

Another important
advantage is the wireless control
capability. The vehicle can be easily
controlled using a  mobile
application  through  Bluetooth
communication, eliminating the
need for manual or wired control
systems. This provides greater
convenience and flexibility to the
user.
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The design of the
system 1is simple and easy to
understand, making it ideal for
beginners and students to learn about
embedded systems, renewable
energy, and wireless
communication.  The  modular
structure of the system also allows
easy troubleshooting and
modification.

The system requires
low maintenance compared to
traditional fuel-based vehicles, as it
has fewer mechanical components
and does not involve complex
engines or fuel systems.

Additionally, the
project promotes the concept of
sustainable technology and energy
conservation, which is essential in
modern engineering applications. It
also serves as a good platform for
further development, such as adding
sensors, automation, or advanced
control systems.

Overall, the system is
eco-friendly, economical, user-
friendly, and educational, making it
highly beneficial for both academic
and practical applications.

LIMITATIONS:

Despite its
advantages, the Solar Powered
Arduino Based Bluetooth
Controlled Car Using Mobile
Application has certain limitations
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that affect its performance and
practical implementation.

One of the primary
limitations of the system is its
dependence on sunlight. The
efficiency of the solar panel is
directly affected by weather
conditions, time of day, and light
intensity. During cloudy or low-light
conditions, the energy generation is
reduced, which may affect the
continuous operation of the system.

Another limitation is
the low power output of the solar
panel, which makes the system
suitable only for small-scale
applications. It cannot be directly
used for full-scale vehicles without
significant improvements in solar
efficiency and energy storage
capacity.

The system also has a
limited operating range due to
Bluetooth communication. The HC-
05 Bluetooth module typically
works within a short distance
(around 10 meters), which restricts
long-distance control of the vehicle.

Additionally, the
system does not include advanced
features such as obstacle detection,
automatic navigation, or feedback
control, making it purely manual and
dependent on user input.

The battery capacity is
another limiting factor. If the battery
1s not sufficiently charged, the

ISSN: 2395-1303

http://www.ijetjournal.org Page 940



http://www.ijetjournal.org/

system performance may degrade,
leading to reduced motor speed or
incomplete operation.

Moreover, the
efficiency of the system can be
affected by power losses in
converters and motor drivers, which
reduces overall energy utilization.

Finally, the project is
mainly designed as a prototype or
educational model, and scaling it for
real-world  applications  would
require more advanced components,
higher power systems, and improved
design.

APPLICATIONS:

The Solar Powered
Arduino Based Bluetooth
Controlled Car Using Mobile
Application has a wide range of
applications, especially in the fields
of education, research, and emerging
technologies.

One of the primary
applications of this system is in
educational institutions, where it can
be used as a practical learning model
for students to understand concepts
such as renewable energy systems,
embedded systems, wireless
communication, and electric
vehicles. It helps students gain
hands-on experience in integrating
hardware and software components.

The project can also be
used in robotics and automation
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applications, where wireless control
of vehicles is required. It serves as a
basic model for developing
advanced robotic systems such as
autonomous  vehicles, remote-
controlled robots, and smart
transportation systems.

Another important
application is in renewable energy
demonstration projects. This system
effectively showcases how solar
energy can be utilized to power real-
world  applications,  promoting
awareness about sustainable energy
solutions.

The system can be
further  adapted for remote-
controlled vehicles in hazardous
environments, such as areas where
human access is difficult or unsafe.
With additional enhancements, it
can be used in surveillance or
inspection tasks.

It can also be applied in
toy and hobby projects, where users
can build and control their own
smart  vehicles wusing mobile
applications.

In addition, this project
can serve as a foundation for
developing smart electric vehicles,
where advanced features like GPS
tracking, obstacle detection, and
IoT-based monitoring can be
integrated.

Overall, the system has
significant applications in education,

ISSN: 2395-1303

http://www.ijetjournal.org Page 941



http://www.ijetjournal.org/

robotics, renewable energy systems,
and future smart vehicle
technologies.

FUTURE SCOPE:

The Solar Powered
Arduino Based Bluetooth
Controlled Car Using Mobile
Application provides a strong
foundation for further improvements
and advanced developments in the
field of renewable energy-based
vehicles and smart control systems.

One of the major areas
for future enhancement 1is the
replacement of Bluetooth
communication with Wi-Fi or
Internet of Things (IoT) technology,
which would enable long-distance
control and real-time monitoring of
the vehicle from anywhere. This
would significantly improve the
range and flexibility of the system.

The efficiency of the
system can be improved by using
high-efficiency solar panels and
advanced energy storage systems.
Incorporating technologies such as
Maximum Power Point Tracking
(MPPT) can help in extracting
maximum energy from the solar
panel, thereby improving overall
performance.
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The project can be
further enhanced by adding obstacle
detection and avoidance systems
using sensors such as ultrasonic or
infrared sensors. This would enable
semi-autonomous or fully
autonomous vehicle operation.

Another important
improvement is the integration of
GPS modules, which can be used for
tracking the location of the vehicle
and navigation purposes. This
feature is useful in applications like
surveillance and smart
transportation.

The system can also
be upgraded by implementing speed
control and feedback mechanisms,
allowing more precise and efficient
motor control. Advanced motor
drivers and control algorithms can
be used for better performance.

In addition, the project
can be expanded into a full-scale
electric vehicle model by using
higher capacity batteries, more
powerful motors, and improved
mechanical design.

The integration of
mobile applications with graphical
user interfaces (GUI) and additional
features such as voice control or
gesture control can further enhance
user interaction and convenience.

Overall, the project
has  significant  potential  for
development into advanced smart
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vehicle systems, combining
renewable energy, automation, and
intelligent control technologies.

CONCLUSION:

The Solar Powered
Arduino Based Bluetooth
Controlled Car Using Mobile
Application project successfully
demonstrates the integration of
renewable  energy, embedded
systems, and wireless
communication technologies. The
system utilizes solar energy as the
primary power source, making it an
eco-friendly and sustainable solution
compared to conventional fuel-
based systems.

The use of Arduino
UNO as the control unit and the HC-
05 Bluetooth module for wireless
communication enables efficient and
user-friendly control of the vehicle
through a mobile application. The
motor driver and DC motors work
together to provide smooth and
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reliable movement based on user
commands.

This project highlights
the practical application of solar
energy in small-scale electric
vehicles and provides a cost-
effective and simple design suitable
for educational and demonstration
purposes. It also helps in
understanding  key  engineering
concepts such as energy conversion,
microcontroller programming, and
wireless control systems.

Although the system
has certain limitations such as
dependence on sunlight and limited
communication range, it serves as a
strong foundation for further
enhancements and advanced
developments in smart vehicle
technology.

Overall, the project
achieves its objective of developing
an eco-friendly, low-cost, and
wireless-controlled vehicle system,
contributing towards the promotion
of  sustainable and  modern
engineering solutions.
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