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Abstract - This project's main goal is to use solar energy to 

produce electricity to electric vehicles. Because of this, 

sunlight is now seen as a source of energy that is used in 

many daily activities. Through the utilization of sunshine, 

solar energy is used to create electricity. In our project, we 

plan to create a solar-powered vehicle with the aid of this 

technology. This project is about building a small car that 

runs on solar power and is controlled wirelessly using an 

Android phone via Bluetooth. The car uses a solar panel to 

charge its battery, making it energy-efficient. A control 

app on the phone sends movement commands (like go, 

stop, or turn) to a small computer chip inside the car 

through a Bluetooth connection. This system demonstrates 

a simple, clean, and modern way to remotely control a 

robot using the familiar technology of a smartphone, 

proving that solar energy can effectively power mobile, 

wirelessly controlled devices. . The primary goal is to 

create an energy-efficient, remotely operated vehicle that 

showcases the integration of renewable energy and modern 

wireless control technology. The system employs a solar 

panel to charge an onboard battery, providing the sole 

power source for the car's DC motors and control 

circuitry, which is managed by a microcontroller.  

Keywords - BTHC-05, ATMEGA328, LM2596, SR 04 

(Ultrasonic sensor), Esp32-cam 

I. INTRODUCTION

The global transportation sector is undergoing a significant 

transformation driven by increasing environmental concerns 

and the depletion of fossil fuels. Traditional internal 

combustion engine vehicles contribute substantially to air 

pollution, greenhouse gas emissions, and global warming. 

According to recent studies, the transportation sector accounts 

for approximately 24% of direct CO₂ emissions from fuel 

combustion worldwide. Electric Vehicles (EVs) have emerged 

as a promising solution to these challenges, offering zero 

tailpipe emissions and higher energy efficiency compared to 

conventional vehicles. 

II. LITERATURE SURVEY.

(Paper 1) Android Application Based Bluetooth Controlled 

Robotic Car (2017): - We are now living in the 21 century. 

Now, smart phone has become the most essential thing in our 

daily life. Android application based smart phones are 

becoming each time more powerful and equipped with several 

accessories that are useful for Robots. This project describes 

how to control a robot using mobile through Bluetooth 

communication, some features about Bluetooth technology, 

components of the mobile and robot. 

(Paper 2) Robot Control Design Based on Smartphone (2013): 

- Internet of things is a new technology system that consists of

a number of information technologies, and it’s an important

part of developing modern-service industry. The advent of

Internet of things is changing the previous tradition networks.

Based on Internet of things, smartphone of Android system is

connected with service-oriented robots by wireless

communication, where it is programmed based on TCP socket,

thus, smartphone controlling service robot can be realized.

The robot can be controlled by the system to sing, dance, and

so on according to the command, and the characteristics are

visual and portable, and the motion control of the robot can be

realized well.

(Paper 3) Bluetooth Based Android Controlled Robot (2016):-

The project aims in designing a Robot that can be operated

using Android Apps. The controlling of the Robot is done

wirelessly through Android smart phone using the Bluetooth

module feature present in it. Here in the project the Android

smart phone is used as a remote control for operating the

Robot. Android is a software stack for mobile devices that

includes an operating system, middleware and key

applications. Android boasts a healthy array of connectivity

options, including Wi-Fi, Bluetooth, and wireless data over a

cellular connection. Android provides access to a wide range

of useful libraries and tools that can be used to build rich

applications. Bluetooth is an open standard specification for a

radio frequency (RF)-based, short-range connectivity

technology that promises to change the face of computing and

wireless communication. It is designed to be an inexpensive,

wireless networking system for all classes of portable devices,

such as laptops, PDAs (personal digital assistants), and mobile

phones.

(Paper 4) Solar Powered Electric Vehicle (2023):- This

project's main goal is to use solar energy to produce electricity

to fuel electric vehicles. Dealers of natural resources, such as

gasoline and coal, are currently finding it difficult to keep up

with the rising demand. Therefore, it is essential to conduct

fresh explorations of natural sources of energy and electricity
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in order to meet this need. Because of this, sunlight is now 

seen as a source of energy that is used in many daily activities. 

Through the utilization of sunshine, solar energy is used to 

create electricity. In our project, we plan to create a solar-

powered vehicle with the aid of this technology. Solar panels 

are the primary building block for solar cars. In the batteries of 

the solar automobile, the solar cells store a portion of the 

energy that the sun provides. 

(Paper 5) Solar Powered Electric Vehicle (2016):  Greenhouse 

gas emission from transportation is one of the major 

environmental issues and its emission rate is increasing at 

faster rate. So solar power for transportation can solve this 

problem. The aim of proposed work is to contribute a 

technology that supports Green energy; consider a scenario we 

could use a solar energy to charge electric vehicle that too 

solar panels are inbuilt in the vehicle, but the next question is 

whether it is feasible in rainy season. It’s difficult to charge 

inbuilt solar panels during rainy season. The solution is SPEV 

is supported with a charging cable that plugs in to the vehicle 

and into a 230V wall socket. The electric vehicle has a built in 

features like security system, drive guidance system, route 

detection, android app support, Wi-Fi, Battery Update 

supported. The results from our research are analyzed in 

depth. Hence Solar powered electric vehicle (SPEV) results in 

pollution less transportation. 

(Paper 6) Bluetooth Based Android Controlled Robot (2016):- 

The project aims in designing a Robot that can be operated 

using Android Apps. The controlling of the Robot is done 

wirelessly through Android smart phone using the Bluetooth 

module feature present in it. Here in the project the Android 

smart phone is used as a remote control for operating the 

Robot. Android is a software stack for mobile devices that 

includes an operating system, middleware and key 

applications. Android boasts a healthy array of connectivity 

options, including Wi-Fi, Bluetooth, and wireless data over a 

cellular connection. Android provides access to a wide range 

of useful libraries and tools that can be used to build rich 

applications. Bluetooth is an open standard specification for a 

radio frequency (RF)-based, short-range connectivity 

technology that promises to change the face of computing and 

wireless communication. It is designed to be an inexpensive, 

wireless networking system for all classes of portable devices, 

such as laptops, PDAs (personal digital assistants), and mobile 

phones. The controlling device of the whole system is a 

Microcontroller. Bluetooth module, DC motors are interfaced 

to the Microcontroller. The data received by the Bluetooth 

module from Android smart phone is fed as input to the 

controller. 

 

III. OBJECTIVE 

To design a solar-based electric vehicle (EV) charging system 

that utilizes renewable solar energy to reduce dependency on 

conventional grid-based electricity and promote sustainable 

green energy usage and To develop a solar power generation 

unit suitable for EV charging applications and To implement 

efficient power conversion system for stable charging 

performance and To integrate Bluetooth technology for 

wireless monitoring and control of the charging and To 

optimize the system for maximum efficiency and minimal 

energy losses and To create an eco-friendly, reliable, and cost-

effective charging setup for electric vehicles. To design and 

develop a solar-based electric vehicle (EV) charging system 

using Bluetooth for monitoring and control, which efficiently 

utilizes solar energy to charge EV batteries with improved 

power quality, reduced losses, and enhanced system 

reliability. 

 

IV. WORKING PRINCIPLE 

The system operates on three parallel operational layers: 

Energy Management Layer 

Solar energy is converted to electrical energy by the 

photovoltaic panel. The LM2596 buck converter regulates this 

energy to stable 5V and 3.3V levels for different components. 

The Li-Fe-PO battery acts as an energy buffer, storing excess 

solar energy and supplying power during high-demand periods 

or low-light conditions. 

Control and Communication Layer 

The ATmega328 microcontroller continuously monitors two 

input streams: 

Bluetooth commands from the mobile application 

Distance measurements from the ultrasonic sensor 

Based on these inputs, it generates control signals for the 

motor driver while ensuring safety through obstacle detection. 

Video Streaming Layer 

The ESP32-CAM module operates independently, capturing 

video frames and streaming them via its built-in Wi-Fi access 

point. This separation ensures that video processing doesn't 

affect vehicle control responsiveness. 

 

V. SCOPE AND LIMITATIONS 

A. SCOPE 

1. The project focuses on developing a solar-powered electric 

vehicle (EV) charging and control system using renewable 

solar energy as the primary source.  

2. The system utilizes an ATmega328 microcontroller to 

control and coordinate the entire operation of the charging and 

movement mechanism.  

3. Bluetooth (HC-05) integration allows wireless 

communication between the user and the control system for 

monitoring and operation.  

4. The LM2596 buck converter efficiently regulates voltage 

from the solar panel to charge the 12V battery safely.  

5. The L298N motor driver controls the direction and speed of 

the DC motors used for movement or load control.  

6. The HC-SR04 ultrasonic sensor helps in detecting obstacles 

or distance measurement for automation and safety.  

7. The ESP32-CAM module provides a real-time video feed or 

image capture for remote monitoring through wireless 

communication. 

 

 B. LIMITATIONS 

1. The current setup is limited to low power (12V solar panel) 

and is not suitable for commercial or high-capacity EVs.  

2. The charging time is relatively high due to limited solar 

panel capacity.  
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3. System performance is dependent on sunlight availability, 

reducing efficiency in cloudy or night time conditions.  

4. Bluetooth communication range is limited (typically up to 

10 meters), restricting remote monitoring distance.  

5. The microcontroller (ATmega328) has limited processing 

capability and memory for advanced features or real-time data 

analytics.  

6. The prototype is designed for small-scale demonstration and 

not for direct implementation in full-scale EV charging 

stations. 

VI. FUTURE SCOPE 

1) Advanced Power Management:  

a) Implement Maximum Power Point Tracking (MPPT) for 

15-20% solar efficiency  

b) Upgrade to 20Ah battery for extended operation time  

c) Add super-capacitors for peak power demand handling  

2) Enhanced Control Systems:  

a) Implement Raspberry Pi4 for advanced processing 

capabilities  

b) Add GPS module for location tracking and autonomous 

navigation  

c) Integrate inertial measurement unit(IMU) for better motion 

control  

3) Improved Video Capabilities:  

a) Upgrade to5MP camera for higher resolution streaming  

b) Implement video recording with local storage  

c) Add night vision capability using IR illumination 

 

VII. BLOCK DIAGRAM 

 

 

VIII. HARDWARE EQUIPMENT 

ATMEGA328 (MICROCONTROLLER) 

 

The ATmega328 is a powerful 8-bit microcontroller with an 

AVR enhanced RISC architecture that performs a wide range 

of functions, from blinking an LED to controlling complex 

systems like motor control, power regulation, and handling 

analog and digital signals. Its simple functions include 

executing a program, managing input/output pins to read 

sensors or control actuators, and using built-in communication 

protocols like UART, SPI, and I2C to send and receive data. It 

is most commonly used in development with Arduino-Boards 

where it executes code written in the Arduino IDE to perform 

these simple to complex tasks. 

 

BTHC-05 

 

HC-05 module is an easy to use Bluetooth SPP (Serial Port 

Protocol) module, designed for transparent wireless serial 

connection setup. Serial port Bluetooth module is fully 

qualified Bluetooth V2.0+EDR (Enhanced Data Rate) 3Mbps 

Modulation with complete 2.4GHz radio transceiver and 

baseband. It uses CSR Blue-core 04-External single chip 

Bluetooth system with CMOS technology and with AFH 

(Adaptive Frequency Hopping Feature). It has the footprint as 

small as 12.7mmx27mm. Hope it will simplify your overall 

design/development cycle 

 

Regulator LM2596 
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   The LM2596 is a DC-DC buck converter module, which 

means it steps down higher DC voltage to a lower voltage. 

It’s based on the LM2596 switching regulator IC, designed 

to provide high- efficiency voltage conversion with 

minimal heat generation. This module is widely used in 

projects that require a stable, adjustable DC output. 

                                                                                             

SR 04 (Ultrasonic sensor)      

 

 

 

The HC-SR04 Ultrasonic Sensor is an electronic device used 

to measure the distance between the sensor and an object by 

utilizing ultrasonic sound waves. It emits ultrasonic waves at a 

frequency of 40 kHz and measures the time it takes for the 

waves to return after bouncing off an object. Based on the 

travel time, the sensor calculates the distance to the object.  

                          

Battery (12V) 

 

A Lithium-Ion Battery is a type of rechargeable battery that 

stores electrical energy. It works by moving lithium particles 

between two electrodes inside the battery. This movement 

creates a flow of electricity that can be used to power devices. 

In solar energy systems, these batteries act as a storage tank 

for excess power generated by solar panels during the day. 

This stored energy can then be used at night or on cloudy 

days, providing a reliable source of clean electricity even 

when the sun isn't shining. 

 

 

 

 

 

 

Buzzer       

 

 

A buzzer is an electronic device that emits sound when it is 

powered. It is commonly used in various applications for 

audio signaling, such as alarms, timers, notifications, or alerts. 

Buzzers are typically categorized into two types: active 

buzzers and passive buzzers. 

 

Esp32-cam 

 

ESP32 is a low-power and low-cost system on a chip 

microcontroller that is integrated with Wi-Fi & Bluetooth. 

This development board is manufactured simply by ES Press 

if. Several variants have been launched & announced since the 

release of this ESP32 board. These boards have different 

CPUs & capabilities, and all of them can share a similar SDK 

& are mostly code-compatible 

                                                        

Solar Panel 

 

A solar cell is a key device that convert slight energy into 

electrical energy in photovoltaic energy conversion. Solar 

cells are generally classified into four generations depending 

on time and categories of materials that are used for their 

fabrication. A 12 Watt 12 Volt solar panel is one of the best 

solar panels available in the market today. Installing it in your 

home is an ideal solution for your energy needs. You can also 

install it on an existing battery inverter for home. It is a cost- 

effective way of producing your energy at home. You can use 

it to power your electronic home appliances by connecting 

them to this solar panel 
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Motor Driver 

 

This L298N Motor Driver Module is a high power motor 

driver module for driving DC and Stepper Motors. This 

module consists of an L298 motor driver IC and a 78M05 5V 

regulator. L298N Module can control up-to 4 DC motors or 2 

DC motors with directional and speed control. 

 

IX. CIRCUIT DIAGRAM 

 
 

 

Table 1: Control Pin Mapping 

 

ATmega328 

Pin  

Connected To  Function Signal 

Type  

Pin2 (RX)  HC-05TX  Bluetooth 

Data  
Receive  

Digital 

Input  

Pin3 (TX)  HC-05RX  Bluetooth 

Data  

Transmit  

Digital 

Output  

Pin5  HC-

SR04ECHO  

Echo Pulse 

Input  

Digital 

Input  

Pin6  HC-

SR04TRIG  

Trigger Pulse  

Output  

Digital 

Output  

Pin7  Buzzer+  Buzzer 

Control  

PWM 

Output  

Pin10  L298NIN1  Left Motor 

Forward  

Digital 

Output  

Pin11  L298NIN2  Left Motor  

Backward  

Digital 

Output  

Pin12  L298NIN3  Right Motor  

Forward  

Digital 

Output  

Pin13  L298NIN4  Right Motor  

Backward  

Digital 

Output  

VCC  5VRail  Power Supply  Power  

GND  Common 

Ground  

Ground 

Reference  

Ground  

 

 
X. FINAL RESULTS 

This project successfully demonstrates that solar-powered 

electric vehicles with advanced features like live video 

streaming are not only feasible but practical for real-world 

applications. The integrated approach combining renewable 

energy, intelligent control, and real-time monitoring provides 

a solid foundation for future developments in sustainable 

transportation and mobile robotics.  

The project's success in meeting and exceeding performance 

targets while maintaining cost- effectiveness makes it a 

valuable contribution to the field of sustainable technology. 

The modular design and comprehensive documentation ensure 

that the work can be built upon by future researchers and 

developers, potentially contributing to the broader adoption of 

renewable energy in transportation applications.  

As the world continues to seek sustainable solutions to 

transportation challenges, projects like this demonstrate that 

innovation, practicality, and environmental responsibility can 

work together to create systems that are not only 

technologically advanced but also environmentally conscious 

and accessible. 
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1) Successful Solar Integration: The vehicle harnesses solar 

energy effectively, achieving up to 40% range extension under 

optimal conditions and demonstrating practical renewable 

energy utilization for transportation applications.  

2) Robust Control System: The implemented wireless 

control system provides reliable operation with 12.5m range, 

45ms response time, and 99.2% connection stability, enabling 

precise remote operation.  

3) Intelligent Safety Features: The obstacle detection system 

achieved 97.3% accuracy with automatic emergency stopping, 

enhancing operational safety and enabling semi-autonomous 

functionality.  

4) High-Quality Video Streaming: The integrated camera 

system delivers stable live video streaming at 12-15 fps with 

180-220ms latency, providing real-time visual feedback for 

enhanced control and monitoring.  

 
XI. CONCLUSION 

The Solar-Powered Electric Vehicle with Live Video 

Streaming project has successfully demonstrated the 

feasibility and effectiveness of integrating renewable energy 

harvesting with intelligent control systems and real-time visual 

monitoring. Through systematic design, implementation, and 

rigorous testing, the project has achieved all primary 

objectives and exceeded most performance targets. 
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