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Abstract

The project "Innovative Vehicle Automation Using Arduino and Bluetooth” focuses on developing a cost-
effective and efficient system for enhancing vehicle control through wireless automation. By integrating
Arduino microcontrollers with Bluetooth modules, sensors, and actuators, the system allows users to control
and monitor functions such as speed, obstacle detection, and steering via a smartphone app. Key features
include ultrasonic sensor-based obstacle avoidance, motor driver-controlled speed regulation, and secure
Bluetooth communication. Designed for scalability, the system suits applications from small robots to larger
vehicles, offering real-time responsiveness, improved safety, and ease of use. This project contributes to the
field of smart transportation by providing an affordable alternative to traditional vehicle automation solutions.
Keywords: Arduino, Bluetooth, Vehicle Automation, Obstacle Detection, Speed Control, Wireless
Communication, Smart Transportation, Real-Time Monitoring.

1. Introduction

Automation is revolutionizing the automotive sector e Control Vehicle Movement: Enable forward,
by enabling safer and more efficient transportation. backward, left, and right movement through
This project uses Arduino and Bluetooth technology wireless commands. [1]
to develop a cost-effective vehicle automation e Bluetooth Communication: Establish
system. Through a smartphone app, users can seamless communication between the
wirelessly control vehicle functions such as speed, Arduino-based control system and a mobile
direction, and obstacle detection, demonstrating the device. [2]
potential of smart, connected transportation. 1.2. Vehicle Movement Control

1.1. Objective The core function is to wirelessly control the vehicle
The main objectives of the project are: using Bluetooth commands processed by an Arduino
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micro controller. [3]
1.2.1. Key Movement Controls
e Forward: Activates both motors to move
straight.
e Backward: Reverses motor direction to move
backward. [4]
e Left Turn: Right motor runs while left motor
slows or reverses to pivot left.
e Right Turn: Left motor runs while right
motor slows or reverses to pivot right.
e Stop: Sends a stop signal to halt all motion.
1.3. Bluetooth Communication
Bluetooth enables real-time, wireless interaction
between the mobile app and the vehicle's control
system, enhancing ease of use. [5]

1.3.1.Key Components

e Bluetooth Module (e.g., HC-05/HC-06):
Facilitates reliable data exchange between
the mobile device and Arduino.

e Mobile Device: Runs an app (Android/iOS)
to send directional commands via Bluetooth.

e Arduino Microcontroller: Receives
commands from the Bluetooth module and
controls motor drivers accordingly. [6]

2. Literature Survey

2.1. Role of Arduino in Vehicle Automation

e Arduino, an open-source micro controller
platform, is widely used in automation due to
its affordability, ease of use, and adaptability
in robotic and vehicular systems.

e K.S. Tejaswini et al. (2020): Demonstrated
an Arduino-controlled robotic vehicle with
ultrasonic sensors for obstacle detection,
highlighting Arduino's efficiency in sensor
data processing and motion control. Source:
IJARCCE, 2020. [7]

o Patel et al. (2019): Emphasized Arduino’s
role in educational robotics, showcasing its
value in teaching automation and control
systems. Source: Journal of Engineering
Education Transformations, 2019. [8]

2.2. Bluetooth Communication in Automation

e Bluetooth is a preferred wireless
communication method in automation
projects due to its low power usage,
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affordability, and easy integration. [9]
e Ohnetal. (2021): Created a Bluetooth-based
home automation system using Arduino,
proving its reliability in wireless command
transmission. Source: IEEE Access, 2021.
e Ahmed etal. (2020): Designed a smartphone-
controlled robotic car using Arduino and
Bluetooth, enabling real-time directional
control through a mobile  app.
e Source: JSR, 2020. [10]
3. System Analysis Theoretical Background
This project integrates multiple technologies
including microcontrollers, wireless communication,
motor control, and embedded systems to achieve
vehicle automation. [11]

3.1. Arduino Microcontroller
Arduino is a low-cost, open-source platform ideal for
embedded systems. It supports real-time input/output
processing and is compatible with various sensors
and modules. Figure 1 shows Arduino
Microcontroller [12]

Figure 1 Arduino Microcontroller

Key Features:

e Easy programming via Arduino IDE [13]

e Flexible interfacing with sensors and

actuators Real-time signal processing

3.2. Bluetooth Technology
Bluetooth enables short-range, low-power wireless
communication over the 2.4 GHz ISM band. Figure
2 shows Bluetooth2.4GHz ISM [14]
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Flgure 2 Bluetooth2.4GHz ISM

Key Features:

e Low energy consumption [15]

e Easy pairing and secure transmission Range

up to 10 meters

3.3. Motor Control
DC motors are controlled using a motor driver (e.g.,
L298N) that bridges Arduino’s low-power signals
with motor requirements to manage speed and
direction. Figure 3 shows Motor Control

Frmzon ol Aok
Voo ueg

Figure 3 Motor Control

3.4. Vehicle Dynamics
Basic movements (forward, backward, left, right,
stop) are achieved by controlling motor power and
direction through the motor driver. Figure 4 shows
Vehicle Dynamics [16]

Flgure 4 Vehicle Dynamics
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3.5. Feedback Systems (Optional)
Ultrasonic sensors can be added to detect obstacles
and enable real-time feedback for obstacle
avoidance. [17]
3.6. System Workflow
User sends command via mobile app Command
transmitted via Bluetooth Arduino processes the
command Motor driver receives signals Vehicle
performs the action
3.7. Hardware Design Components:
Arduino Uno/Nano
Bluetooth Module (HC-05/HC-06)
Motor Driver (L298N)
DC Motors
Battery Power Supply
Chassis Frame
3.8. 3.9 Software Design
e Arduino IDE: For writing/uploading
control code
e Mobile App: Created using MIT App
Inventor or similar to send commands via
Bluetooth [18]
3.9. Communication Protocol
Bluetooth communicates with Arduino using serial
communication at a standard baud rate of 9600.
Figure 5 shows System Architecture
3.10. System Architecture

Blustooth
Communication

Figure 5 System Architecture

Three-layer architecture:
e Input Layer: Mobile app interface
e Processing Layer: Arduino
commands

interprets
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e Output Layer: Motor driver and motors
execute movements [19]

3.11. Data Flow Diagram (Level 1 DFD)

e  User selects command on mobile app

e App sends command via Bluetooth

e  Module transmits to Arduino

e Arduino processes and activates motor

driver

e  Motors perform the desired movement
Module Implementation
This section outlines the key modules implemented
in the project and their interaction to achieve wireless
vehicle automation.

3.12. Modules Overview
The system comprises the following main modules:

e  Bluetooth Communication Module

e  Control Module (Arduino)

e  Motor Driver Module

e  Power Supply Module

e  Mobile Application Module

3.13. Bluetooth

Purpose

Enables wireless data transfer between the mobile
device and Arduino.
Hardware:
HC-05 / HC-06 Bluetooth Module
Implementation Steps:

e Pair the Bluetooth module with the mobile

Communication Module

device.

e Configure serial communication at 9600
baud rate.

e  Transmit commands (e.g., 'F', 'B', 'L, 'R, 'S")
to Arduino.

3.14. Control Module (Arduino) Purpose:
Processes incoming commands and controls vehicle
movement.

Hardware:
Arduino Uno/Nano
Implementation Steps:

e Receive command via Bluetooth.

e  Map commands to movement logic.

e  Send control signals to the motor driver.

3.15. Purpose
Controls the direction and speed of DC motors.
Hardware:
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e L298N Motor Driver

e DC Motors [20]
Implementation Steps:

e Connect motor driver to Arduino and

motors.

e Use input pins (IN1-IN4) to control motor
actions.

3.16. Mobile Application Module Purpose:
Provides user interface for vehicle control.
Software:

MIT App Inventor / Android Studio
Implementation Steps:

e Design buttons for movement commands
(Forward, Backward, Left, Right, Stop).

e  Establish Bluetooth connection.

e Send specific command characters when
buttons are pressed.

Example:

e Button "Forward" sends character ‘F’ via
Bluetooth when pressed.

e Use a battery suitable for both motors and
Arduino. Regulate 5V for Arduino.

e Connect power to motor driver and micro
controller. [21]

3.17. Integration and Testing

Integration Steps:

e Connect all hardware components. Upload
Arduino code. [22]

e Pair Bluetooth module with mobile app. Test
individual commands from the app. Testing
Scenarios:

e Verify correct response to all commands.
Check Bluetooth communication range.

e Test power efficiency and system stability
during extended use.
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