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Abstract

This project presents the development of a voice-controlled
car using an Arduino uno microcontroller and a Bluetooth
module (HC-05) for wireless communication. The system
enables users to control the car's movements through voice
commands transmitted from a smartphone. The primary
objective is to create a hands-free and user-friendly control
mechanism for robotic mobility. Voice commands are
processed using a smartphone app, which sends the instructions
to the Arduino uno via the HC-05 Bluetooth module. The
Arduino interprets these commands and controls the car’s
movement through a L298N motor driver circuit, enabling

actions such as "forward," "backward," "left,” "right," and
"stop.“ The car is powered by a rechargeable battery and
mounted on a robust chassis with DC motors.

This Bluetooth-based

effectiveness, and ease of implementation, eliminating the need

solution offers flexibility, cost-
for voice recognition modules. The project demonstrates the
integration of voice command technology and Bluetooth
communication, showcasing potential applications in smart
vehicles, automation systems, and assistive robotics. The
system is scalable and can be enhanced with additional features
such as obstacle detection and autonomous navigation.

In this proposed project, the emphasis is on voice control of car
with automatic braking, speed slow down and avoidance of
obstacles automatically or manually (through voice
command).In this model, we will use an android app(Android
Bluetooth control) to pass on the voice commands to the
Arduino through Bluetooth communication using Bluetooth
module(HC-05).

The

processing, motor control algorithms, and real-time response

implementation  focuses on  speech-to-command
optimization. The voice recognition system is trained to
recognize specific commands with high accuracy, minimizing

errors during operation. The project also explores possible

extensions, such as integrating wireless communication
modules for remote monitoring and control, obstacle detection
systems for collision avoidance, and advanced machine
learning algorithms for improving voice recognition in noisy
environments.

By bridging the gap between voice recognition technology and
Arduino-based systems, this project highlights the feasibility
and practicality of voice-controlled vehicles, showcasing their

potential to transform everyday interactions with technology.
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1.INTRODUCTION

Voice-controlled systems have emerged as a prominent
advancement in the field of automation and human-machine
interaction. These systems leverage the natural way humans
communicate—through speech—to perform tasks, reducing the
need for manual controls. The integration of voice recognition
into automotive systems represents a significant step toward
making vehicles smarter, more accessible, and easier to operate.
This project focuses on the design and development of a voice-

controlled car using an Arduino microcontroller.

The primary goal of this system is to execute commands
such as moving forward, reversing, turning, and stopping based
on user voice inputs. By enabling hands-free control, the system
offers increased convenience and accessibility, especially for
individuals with physical limitations. Voice-controlled cars,
although at a basic level in this project, represent an essential
foundation for the development of more advanced technologies

in autonomous and assistive driving systems.

The Arduino microcontroller serves as the core processing

unit of the system due to its affordability, ease of use, and
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compatibility with a wide range of sensors and modules. A voice
recognition module captures and processes spoken commands,
translating them into actionable instructions for the car’s
movement. Additionally, the integration of motor drivers and
DC motors allows the vehicle to perform physical actions based

on processed voice inputs.

This project demonstrates how voice recognition can be

successfully utilized in small-scale robotic systems,
emphasizing real-time response and system accuracy. It also
explores challenges such as noise interference, command
recognition errors, and processing speed, offering insights into
potential solutions. The implementation provides a cost-
effective way to introduce voice control into small robotic
platforms, making it accessible for students, hobbyists, and

researchers.

The applications of voice-controlled cars extend beyond
robotics and hobbyist projects. They have the potential to play a
vital role in assistive technologies for people with disabilities,
smart home automation systems, and futuristic automotive
systems. As voice recognition technology continues to evolve,
its integration with embedded systems such as Arduino will
open new possibilities for innovation, contributing to the

broader vision of autonomous and intelligent vehicles.

This document outlines the design, components, and
working principles of the voice-controlled car, discussing the
challenges encountered during development and potential

enhancements for future applications

2. Body of Paper

The voice-controlled car uses an Arduino microcontroller
to execute commands like moving forward, backward,
turning, and stopping based on voice inputs. It provides
hands-free operation, making it accessible and user-
friendly.

I.Hardware Component

Arduino Microcontroller: Central processor that controls all

components.

Voice Recognition Module: Captures and processes
voice commands.

Motor Driver (L298N): Interfaces Arduino with the
motors to control movement.

DC Motors: Enable the car’s physical movement.
Power Supply: Provides energy for all components.

Chassis and Sensors (Optional): Hold components and
enhance safety.

Il. Software Design

Command Recognition: Voice module detects pre-
trained commands (e.g., forward, stop).

Motor Control Logic: Arduino signals motor drivers for
direction and speed control.

Arduino Programming: Includes command processing
and error handling.

lll. System Implementation

The car’s hardware is assembled on a chassis, with
proper connections between the voice module,
Arduino, and motor driver. Software is uploaded via the
Arduino IDE, and the system is tested to ensure
commands execute correctly and in real-time.

IV. Future Enhancements
e Advanced voice recognition for better accuracy.
e Obstacle detection for safer navigation.

e Integration of wireless communication
(Bluetooth/Wi-Fi).

o Improved energy efficiency and battery life.

V. Applications

e Assistive technologies for individuals with
disabilities.

e Smart car interfaces for hands-free driving.

e Educational platforms for robotics and
automation.

© 2025,IJSREM | www.ijsrem.com

| Page 2


http://www.ijsrem.com/

#‘gj \35!%

@REM
e-Journal

w Volume: 09 Issue: 01 | Jan - 2025

International Journal of Scientific Research in Engineering and Management (IJSREM)
SJIF Rating: 8.448

ISSN: 2582-3930

2.3. Working

The voice-controlled car operates through the following steps:
1.Voice Command Input

The user provides voice commands (e.g., "Forward," "Stop")
using the voice recognition module. The module is pre-trained
to recognize specific commands and converts the audio input
into digital signals.

2.Command Processing

The voice recognition module sends the recognized command
as data to the Arduino microcontroller via serial
communication.

3.Action Execution

Based on the received command, the Arduino processes the
data and sends control signals to the motor driver (e.g.,
L298N).

For Forward: Both motors rotate in the same direction.

For Backward: Both motors reverse.

For Left: One motor rotates while the other stops.

For Right: The opposite motor rotates while the other stops.
For Stop: Both motors stop.

4.Movement Control

The motor driver translates the control signals into appropriate
voltage and current to drive the DC motors. This results in the
physical movement of the car as per the user’s voice
command.

5.Feedback and Adjustment (Optional)

If sensors are included (e.g., for obstacle detection), the
Arduino can adjust the car's movement in real-time to avoid

collisions or adapt to environmental changes.
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Circuit Implementation

The hardware setup includes:

To build a voice-controlled car using Arduino, start by
gathering all necessary components, including an Arduino Uno,
a motor driver (e.g., L298N), Bluetooth module(HC-05),DC
motors, a car chassis with wheels, a power supply, and jumper
wires.

Begin by assembling the chassis, securely mounting the DC
motors and wheels, and attaching the battery pack. Next,
connect the DC motors to the motor driver’s output terminals,
ensuring the correct polarity for desired motor rotation. Then,
link the motor driver’s input pins to the Arduino’s digital pins,
while connecting the motor driver’s power and ground to the
Arduino and battery pack. Following this, connect the voice
recognition module’s power pins to the Arduino’s 5V and
GND, and its TX and RX pins to the designated serial
communication pins on the Arduino.

The Bluetooth module is connected to the Arduino via the
TX and RX pins for serial communication. When the system is
powered on, the Bluetooth module pairs with a smartphone
or other Bluetooth-enabled device. On the mobile device, a
custom mobile app or a Arduino Bluetooth Controller app(like
the Bluetooth terminal app) is used to send commands to the
Arduino.

Once the user selects or types a command in the app (such as
"Forward,” "Backward," "Left,” "Right,” or "Stop"), the
Bluetooth module receives the command as a serial signal and
sends it to the Arduino. The Arduino processes the command
and then sends the appropriate control signals to the motor
driver. For instance, if the user sends the "Forward" command,
the Arduino will instruct the motor driver to rotate the motors
in the correct direction to move the car forward. Similarly,
other commands control the car's movement or stop the motors.

Ensure all components are powered correctly, using
appropriate voltage levels for the Arduino, and motors. Once
the basic setup is complete, test all connections for accuracy
and secure insulation to prevent short circuits.

Bluetooth module can be integrated for wireless control. With
the hardware ready, you can upload the software to the Arduino

and proceed to test the system for smooth functionality.
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2.4 Benefits

Using a Bluetooth module in a voice-controlled car system

offers several benefits:
1.Wireless Control: Remote operation without physical
connections, typically within 10 meters.

2.Convenience: Control via smartphone or Bluetooth device,

eliminating the need for extra hardware.
3.Flexibility: Easy integration with custom or generic
Bluetooth apps for adaptable control.

4.Expandability: Allows integration of additional features

like sensors or feedback systems.

5.Low Power Consumption: Bluetooth uses less power
compared to Wi-Fi, ideal for battery-powered systems.
6.Scalability: Easily scalable for larger or more complex
robotic platforms.

7.Real-Time Communication: Fast and responsive control

with minimal delay.

7.Cost-Effective: Affordable and widely available Bluetooth

modules.

8.Remote Diagnostics: Enables remote troubleshooting and

monitoring.
9.Hybrid Control: Can combine Bluetooth and voice
commands for hands-free operation

2.5.Steps Involved

Here’s a detailed explanation of the steps involved in building
a voice-controlled car using Arduino with a Bluetooth module:

1. Gather Components

Before beginning, collect all the essential components for the

project:
Arduinouno,HCO5Bluetoothmodule,Smartphone,Motor

driver L298N,DC Motors, 18650 Batteries-3.7v,18650 battery

holder.
2. Assemble the Chassis

e Mount the Motors: Begin by attaching the DC motors
to the car chassis. Position them in such a way that

they can control the movement of the wheels.

e Attach the Wheels: Secure the wheels to the motor

shafts to ensure the car can roll smoothly.

3. Connect the Motors to the Motor Driver

e  Motor Connections: Take the two DC motor wires and
connect them to the output terminals (OUT1, OUT2,
OUT3, OUT4) on the motor driver. Ensure the correct
polarity, as reversing the connections will cause the

motors to spin in the opposite direction.

e Power and Ground: Connect the motor driver’s VCC
and GND pins to the power supply and the Arduino’s

GND, respectively.

4. Connect the Motor Driver to the Arduino

e Digital Output Pins: Connect the motor driver’s input
pins (IN1, IN2, IN3, IN4) to the Arduino’s digital
output pins (e.g., D7, D6, D5, D4). These pins will

control the motor’s direction.

e  Power Connections: Connect the motor driver’s VCC
and GND to the appropriate power sources: VCC to

the battery pack’s positive terminal (typically 12V),
and GND to the battery and Arduino GND pin.

5. Connect the Bluetooth Module

Power: Connect the Bluetooth module’s VCC pin to
the Arduino’s 5V pin and the GND pin to the
Arduino’s GND pin.

Serial Communication: The Bluetooth module will
communicate with the Arduino via serial
communication. Connect the TX pin of the Bluetooth
module to the RX pin of the Arduino and the RX pin
of the Bluetooth module to the TX pin of the Arduino
(pin 0 and pin 1, or any other suitable pins if using
software serial communication).

6. Power the System

Arduino Power: The Arduino is powered via the USB
cable or the battery pack, depending on the
configuration. Ensure the Arduino is powered by 5V
via the USB or by a voltage regulator connected to the
battery pack.

Motor Power: The motor driver typically requires a
higher voltage (6V to 12V) to operate the motors, so
connect the appropriate power supply for the motors.

7. Connect Additional Components (Optional)

Sensors: If you plan to add additional functionality
such as obstacle detection, connect the ultrasonic
sensor or any other sensors to the Arduino. The
ultrasonic sensor typically connects to the Arduino's
digital pins (for signal, trigger, and echo), and the
sensor’s VCC and GND are connected to the
Arduino’s power and ground pins, respectively.
Wireless Control: If you want remote control in
addition to Bluetooth, a Wi-Fi module like the
ESP8266 can be added.

8. Pair the Bluetooth Module

Bluetooth Pairing: Turn on your Bluetooth module
and pair it with a Bluetooth-enabled smartphone or
device (e.g., using a mobile app or Bluetooth
terminal). Make sure the Bluetooth module is
discoverable and pair it using the default PIN (usually
""1234" or "0000").

9. Upload Code to Arduino

Programming the Arduino: Write the code using the
Arduino IDE that will handle the Bluetooth
communication, interpret commands, and control the
motors. The code should:
o Initialize Bluetooth communication to
receive commands.
o Process commands sent from the Bluetooth
device (e.g., "Forward," "Backward," "Left,"
"Right," "Stop").
o Send signals to the motor driver to execute
the corresponding motor actions (e.g.,
rotating motors in a specific direction for
movement).
o Optionally, if using sensors, the code can
include logic to handle obstacle detection or
other features.
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Upload the Code: After writing the code, connect the
Arduino to the computer via USB and upload the code
to the Arduino board using the Arduino IDE.

10. Test the System

Testing Movement: Power up the entire system,
ensuring that the Bluetooth module and Arduino are
connected to the power source. Open the Bluetooth
terminal or custom app on the smartphone and test the
commands by sending them to the Bluetooth module.
Check Responses: Verify that the car moves in
response to each command (e.g., moving forward,
backward, turning left, right, or stopping). Ensure the
movement is smooth and that the system responds to
real-time inputs.

11. Debug and Refine

Troubleshooting: If the car doesn’t respond as
expected, check the wiring and verify that the motor
driver is receiving signals correctly from the Arduino.
Ensure the Bluetooth module is properly paired and
transmitting commands.

Refinement: Refine the code to handle errors more
effectively, improve motor control for smoother
operation, or add additional features like sensors for
obstacle avoidance.

By following these steps, you can build a fully functional,
Bluetooth-controlled car using Arduino, allowing for wireless
and real-time control.

2.6.Challenges Faced

Here are some challenges and solutions when building a Bluetooth-

controlled car using Arduino:

1.

Bluetooth Connectivity Issues: Ensure correct pairing and
baud rate settings, and check Bluetooth range.

Motor Driver Overheating: Use heat sinks or cooling
mechanisms to prevent overheating.

Incorrect Wiring: Double-check connections, motor
polarity, and shared grounding.

Bluetooth Latency: Minimize data sent and ensure
Bluetooth module is within range (10m).

Voice Recognition Issues: Improve accuracy by training the
module and using noise filtering.

Limited Bluetooth Range: Stay within range or switch

to Wi-Fi modules for longer distance.

These challenges can be overcome by careful planning, testing,

and troubleshooting.

2.7.Applications

The applications of a voice-controlled car using Arduino with

a Bluetooth module are diverse and can be applied in various

fields:
1.

10.

Robotics and Automation: It can be used in robotic
research for learning and prototyping autonomous
vehicles and robotics systems.

Educational Purpose: Ideal for teaching students
about robotics, electronics, programming, and
embedded systems. It provides hands-on experience
with sensors, motors, and wireless communication.
Smart Vehicles: Can be used as a base for creating
more advanced autonomous vehicles or smart cars
with features like wvoice control and Bluetooth
connectivity for ease of use.

Assistive Technology: The system can be adapted for
people with disabilities, allowing them to control
vehicles or devices with voice commands, promoting
independence.

Security and Surveillance: Voice-controlled cars can
be used for remote surveillance in hazardous or hard-
to-reach areas, providing a low-cost solution for
monitoring environments.

Telecommunication: Can be integrated into 0T
systems, enabling remote control and monitoring of a
vehicle or device via Bluetooth.

Personal Projects: Hobbyists and DIY enthusiasts
can use it for fun or to learn more about embedded
systems, motor control, and wireless communication.
Prototype Testing: It can be used as a testbed for
evaluating motor control, sensor integration, and
wireless communication for various 10T projects.
Mobile Robotics: Can be used in mobile robotics
applications, where a vehicle is controlled remotely
for tasks such as delivery, inspection, or
environmental monitoring.

Entertainment: Can serve as a fun project for
entertainment, where users can control toy cars or

robots using their smartphones or voice commands.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Delivery Robots: Used in indoor or small-scale

outdoor environments, such as offices or
warehouses, to deliver small items. Voice control
adds ease for users to command the robot to specific
locations.

10T Integration: Can be integrated with other smart
devices in the home or office, making it part of a larger
0T ecosystem. For example, the car could interact
with smart home systems to navigate through a smart-
enabled environment.

Disaster Management: Voice-controlled cars can be
deployed in areas affected by natural disasters to
survey damage, deliver supplies, or help in search-
and-rescue operations, particularly in hazardous areas
where human access is difficult.

Agriculture: In precision agriculture, these cars can
be used for small-scale tasks like planting, monitoring
crops, or detecting pest problems in a controlled area.
Research and Development: In R&D settings, these
cars can be used to test new algorithms for
autonomous navigation, voice processing, and
wireless communication systems.

Interactive Toys for Kids: The system can be used as
a fun and interactive toy for kids, teaching them about
technology, robotics, and voice control while playing
with a toy vehicle.

Indoor Navigation: A voice-controlled car can be
used in environments like shopping malls, airports, or
museums for navigation assistance, guiding people to
different locations within the facility.

Transport and Logistics: Small automated vehicles
in warehouses or logistics centers can be controlled by
voice to transport goods, improving efficiency and
reducing manual labor.

Vehicle Testing and Prototyping: In automotive
research, a small-scale voice-controlled car prototype
can serve as a testing platform for new vehicle control
systems or telematics.

Environmental Monitoring: Used for collecting
remote or hard-to-reach

environmental data in

locations, such as monitoring air quality or

21.

22.

23.

24,

temperature, where a voice-controlled car can travel
to different points to gather readings.

Personal Assistant Systems: Combined with Al
assistants (like Alexa or Google Assistant), a voice-
controlled car can be part of a personal assistant
system for use in homes or businesses, where it carries
out tasks like fetching objects or navigating between
rooms.

Tourism: Used in theme parks or museums to provide
guided tours, a voice-controlled car could move
visitors through exhibits or locations while providing
informative commentary.

Military or Security Applications: In surveillance or
reconnaissance, voice-controlled vehicles can be used
for non-hazardous surveillance missions, gathering
intelligence, or patrolling an area.

Healthcare and Elderly Assistance: Voice-
controlled vehicles can assist the elderly or people
with limited mobility by carrying items, following
them around the house, or even providing mobility
assistance in certain settings, such as hospitals or care

homes.

These diverse applications highlight how voice-controlled car

systems can be expanded into real-world use cases, making

them versatile tools in various industries and sectors.

2.7.Advantages

Here are the advantages of a voice-controlled car using Arduino
and Bluetooth:

Hands-Free Operation: Easy to control with voice

commands.

Wireless Control: Bluetooth provides wireless connectivity.

Ease of Use: Intuitive and simple for all users.

Accessibility: Ideal for people with disabilities or elderly.

Cost-Effective: Affordable compared to other solutions.

Customizable: Easily tailored to user needs.

Educational: Great for learning electronics, programming,

and robotics.

Enhanced Mobility: Allows easy movement and control in

tight spaces.

Smart Integration: Works with smartphones and other

Bluetooth devices.

Real-Time Control: Instant response to voice commands.
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Reduced Human Error: Minimizes mistakes in operation.
Flexibility: Expandable with additional sensors and features.
Low Power Consumption: Efficient energy use for longer
battery life.

Portable: Lightweight and easy to move or deploy.

Remote Control: Works over short to medium distances (up
to 10m).

Safety: Frees up attention for safer navigation.

Entertainment: Fun for hobbyists and tech enthusiasts.

2.8.Changes and Improvements for Future Research
Here are future improvements for voice-controlled cars with
Arduino:
1. Longer Range: Use Bluetooth 5.0 or Wi-Fi (e.g.,
ESP32) for better range.
2. Better Voice Recognition: Integrate Al services
(Google Assistant, Alexa) for accuracy.
3. Obstacle Avoidance: Add advanced sensors (e.g.,
lidar, infrared) for autonomous navigation.
4. Energy Efficiency: Optimize power use for longer
battery life.
5. Smart Home Integration: Control other smart
devices via loT.
6. Autonomous Features: Implement path planning and
real-time mapping.
7. User Interface: Improve mobile apps with more
controls and customization.
8. Multi-Device Control: Allow multiple devices to
control the car.
9. Motor Control: Enhance smoothness and precision in
movement.
10. Cloud Integration: Enable remote monitoring and
updates.
11. Security: Add voice authentication and encrypted
communication.
12. Customization: Allow users to personalize voice
commands.
13. Collision Detection: Improve obstacle detection and
automatic response.
14. Cost Reduction: Use cheaper components for broader

accessibility.

15. Durability: Strengthen the car's design for stability

and rough terrain use.

3. CONCLUSION
A voice-controlled car wusing Arduino and

Bluetooth presents a practical and engaging project
with significant potential for a variety of
applications. It offers hands-free operation, ease of
use, and accessibility, making it ideal for both
educational purposes and real-world scenarios.
While current implementations are simple, there is
considerable room for enhancement in areas like
voice recognition, obstacle avoidance, and energy
efficiency. Future improvements, such as better
integration with smart devices, autonomous features,
and enhanced security, will expand the versatility
and reliability of such systems. With continuous
advancements, voice-controlled cars can evolve into
more robust, user-friendly, and multifunctional
devices across various industries.
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