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Abstract: Home automation has become increasingly popular as it offers enhanced convenience, energy efficiency, and security.
However, many commercially available solutions are expensive and require professional installation. This paper presents the
design and implementation of a low-cost home automation system using the Bluetooth HC-05 module and ATmega328
microcontroller, providing an affordable and accessible alternative. The system allows users to control household appliances,
such as lights and fans, wirelessly through a smartphone application. The hardware setup includes a Bluetooth module,
microcontroller, and relay- based switching mechanism. The software is developed using the Arduino IDE, enabling seamless
communication between the smartphone and the appliances.

The performance of the system was evaluated based on communication range, latency, and power consumption, with the Bluetooth
HC-05 module demonstrating effective control within a 10-meter range. While security concerns and communication range
limitations were noted, the proposed system offers a practical solution for small-scale home automation. Future work includes
expanding the system's functionality by integrating voice control and loT capabilities to enhance the user experience.
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Chapter 1: Introduction

1.1 overview of Home Automation

Home automation, also known as "smart home technology," has been transforming

how people interact with their living environments by automating and controlling household systems like lighting, heating, and
security. These systems offer several benefits, including enhanced convenience, improved energy efficiency, and increased safety.
Home automation enables centralized control of multiple devices, allowing users to monitor and operate home appliances via
smartphone applications, voice assistants, or automated schedules. As technology advances, wireless communication protocols
play an increasingly significant role in the development of home automation solutions.

The evolution of the Internet of Things (10T) has paved the way for interconnected devices within the home, further enhancing the
capabilities of home automation systems. Wireless technologies such as Bluetooth, Wi-Fi, Zigbee, and Z-Wave are commonly
used to connect various devices, providing users with seamless control and monitoring. The demand for these systems has surged
as consumers seek affordable and reliable solutions to improve their everyday lives.
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1.2 Role of Bluetooth in Home Automation

Bluetooth, a short-range wireless communication technology, has gained popularity in home automation due to its low cost, ease
of integration, and widespread availability in smartphones and other devices. Bluetooth operates on the 2.4 GHz frequency band,
making it suitable for communication between devices within a 10-meter range. Bluetooth Low Energy (BLE) versions, such as
HC-05, offer improved power efficiency, making them ideal for battery-operated devices used in home automation.

The Bluetooth HC-05 module is particularly well-suited for low-cost home automation projects. This module allows wireless
communication between devices, enabling users to control home appliances from their smartphones. When paired with a
microcontroller like the ATmega328, the HC-05 module facilitates the remote control of lights, fans, security systems, and other
appliances within the home.

1.3 ATmega328 Microcontroller and Its Application

The ATmega328 microcontroller, commonly used in embedded systems and DIY projects, is well-known for its versatility and
ease of use. It is the primary microcontroller used in Arduino platforms, making it an accessible option for hobbyists and engineers
alike. The ATmega328 provides sufficient memory and processing power for small-scale automation tasks, such as processing
inputs from sensors, executing control logic, and interacting with external devices like relays and motors.

In this research, the ATmega328 is employed as the central processing unit of the home automation system, interfacing with the
Bluetooth HC-05 module to control household appliances. The microcontroller is programmed to receive commands wirelessly
via Bluetooth and execute the appropriate control functions.

1.4 Problem Statement

While many commercial home automation systems are available, they are often expensive and require professional installation.
These systems typically rely on Wi-Fi or Zigbee for wireless communication, making them less affordable and accessible to
average consumers. There is a growing need for low-cost, user-friendly home automation systems that can be built with readily
available components and require minimal technical expertise for installation.

This research seeks to address the problem by developing a low-cost home automation system using the Bluetooth HC-05 module
and ATmega328 microcontroller. The system is designed to allow users to control household appliances via a smartphone
application, providing a simple and affordable alternative to more expensive commercial solutions.

1.5 Objectives

The main objective of this research is to design and implement a Bluetooth-based home automation system that is cost- effective,
easy to use, and reliable. Specifically, the research aims to:

Evaluate the feasibility of using Bluetooth HC-05 and ATmega328 for home automation applications.
Design a system that allows users to wirelessly control household appliances via a smartphone application.
Implement the system using an ATmega328 microcontroller and Bluetooth HC-05 module to control devices like lights and fans.

Analyse the performance of the system in terms of communication range, latency, power consumption, and user experience.

1.6 Scope

This research focuses on developing a small-scale, Bluetooth-based home automation system suitable for residential use. The
system is intended to control basic appliances like lights, fans, and security devices. Due to Bluetooth's range limitations, the
system is primarily designed for use in small homes or individual rooms.
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1.7 significance of the Study

The findings of this research contribute to the development of affordable, DI'Y home automation solutions. By using inexpensive
and readily available components, this system offers homeowners a practical alternative to commercial products. It also provides a
foundation for future research on expanding the capabilities of Bluetooth- based automation systems, such as incorporating voice
control or integrating with the broader 10T ecosystem.Chapter 2: Literature Review

2.1 Review of Wireless Communication Technologies

Various wireless communication technologies are commonly used in home automation systems, including Wi-Fi, Zigbee, Z-
Wave, and Bluetooth. Wi-Fi provides a high data rate and long-range communication, but it consumes a significant amount of
power and may require more complex setups. Zighee and Z-Wave offer low-power, mesh networking capabilities, making them
suitable for larger home automation systems with multiple nodes. However, these technologies often come at a higher cost than
Bluetooth solutions.

Bluetooth is a widely adopted wireless communication technology that is particularly well-suited for small-scale home automation
systems due to its low cost, simplicity, and widespread availability in smartphones and tablets [1] [2]. While Bluetooth's range is
shorter than other wireless protocols, it is sufficient for controlling devices within a small home environment. Additionally,
Bluetooth's lower power consumption makes it an attractive option for battery-powered devices [3].

2.2 Existing Bluetooth-Based Home Automation Systems

Several studies have explored the use of Bluetooth for home automation. In a paper by Ali and Khan (2020), the authors
developed a Bluetooth-based home automation system using the HC-05 module and an Arduino microcontroller [4]. Their system
successfully controlled lighting and fans through a smartphone application.

Similarly, Singh and Sharma (2019) investigated wireless control systems using Bluetooth and concluded that Bluetooth- based
systems offer a reliable, low-cost solution for small-scale automation projects [5].

However, these studies also highlighted several limitations, such as the limited range of Bluetooth communication and the
potential for interference in environments with many electronic devices operating at the same frequency. To address these issues,
researchers have proposed integrating Bluetooth with other wireless communication protocols to extend the range and reliability
of the system [6].

2.3 Security Concerns in Bluetooth Home Automation Systems

Security is a critical concern in wireless home automation systems, particularly when it comes to preventing unauthorized access
to connected devices. Bluetooth technology, while widely used, is not immune to security vulnerabilities. Studies have identified
potential risks associated with Bluetooth communication, including pairing vulnerabilities, eavesdropping, and replay attacks [7].
Researchers have proposed several security enhancements, such as encrypted communication and secure pairing protocols, to
mitigate these risks [8].

2.4 Review Summary

Bluetooth-based home automation systems offer a promising solution for affordable and accessible automation projects. However,
these systems face challenges related to communication range,interference, and security. This research builds upon
existing work by exploring the practical implementation of a Bluetooth HC-05 and ATmega328-based system, addressing these
challenges in the context of small-scale home automation.
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Chapter 3: Design and Methodology

3.1 System Design

The home automation system consists of two main components: the Bluetooth HC- 05 module and the ATmega328
microcontroller. The system is designed to wirelessly control household appliances, such as lights and fans, using commands sent
from a smartphone application via Bluetooth.

3.1.1 Bluetooth HC-05 Module

The HC-05 is a serial Bluetooth module that operates on the IEEE 802.15.1 standard. It supports both master and slave
configurations, allowing it to communicate with a wide range of devices, including smartphones and other Bluetooth-enabled
devices [9]. In this system, the HC-05 module is used in slave mode to receive commands from the user's smartphone.

3.1.2 ATmega328 Microcontroller

The ATmega328 microcontroller serves as the central processing unit of the system. It is programmed to receive commands from
the Bluetooth module and control connected appliances accordingly. The microcontroller interfaces with relays to switch
appliances on and off based on the user's input [10].

3.2 Hardware Setup

The hardware setup for the system includes the following components:

Bluetooth HC-05 module: Facilitates wireless communication between the smartphone and the microcontroller.
ATmega328 microcontroller: Controls the operation of connected appliances.

Relay module: Used to switch household appliances on and off based on commands received from the microcontroller.
Smartphone application: Sends commands to the Bluetooth module to control the system.

The components are connected as follows: The HC-05 module is interfaced with the ATmega328 microcontroller via UART
communication, and the microcontroller controls the relays connected to various appliances.

3.3 Software Design

The software for the system is written in C and uploaded to the ATmega328 microcontroller using the Arduino IDE. The program
listens for incoming Bluetooth commands and processes them to control the connected appliances. A simple Android smartphone
application is used to send commands to the Bluetooth module.

3.4 Implementation
The implementation process consists of the following steps:

Hardware interfacing: Connect the HC-05 Bluetooth module to the ATmega328
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microcontroller and wire the relays to the appliances.

Software development: Write and upload the control code to the ATmega328. This code handles incoming Bluetooth commands
and activates the corresponding appliances.

Testing and debugging: Test the system by sending commands from the smartphone application and ensuring that the appliances
respond correctly.

Chapter 4: Results and Analysis

4.1 performance Analysis

The system was tested in a small home environment, with the smartphone used to control lights and fans from different rooms.
The performance was evaluated based on range, power consumption, and responsiveness.

4.1.1 Range and Responsiveness

The Bluetooth HC-05 module maintained reliable communication within a 10-meter range, which was sufficient for controlling
appliances in a single room. However, the system's performance degraded slightly when walls obstructed the line of sight between
the smartphone and the Bluetooth module.

4.1.2 power Consumption

Power consumption was minimal, as the ATmega328 microcontroller and Bluetooth HC-05 module both operate on low power.
This makes the system suitable for battery- operated devices or low-power applications.

4.2 Security Analysis

Basic security measures were implemented in the system, such as pairing encryption. However, further work is needed to enhance
the security of Bluetooth communication in home automation systems.

Chapter 5: Conclusion and Future Work

5.1 conclusion

This research successfully developed a Bluetooth-based home automation system using the HC-05 module and ATmega328
microcontroller. The system allows users to control household appliances wirelessly via a smartphone application. It offers a low-
cost and accessible alternative to commercial home automation solutions. However, the system's range is limited, and further
improvements are needed in terms of security and scalability.
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5.2 Future Work

Future research could focus on the following areas:

Voice control integration: Implementing voice recognition to allow users to control appliances using voice commands.
10T integration: Expanding the system to integrate with IoT platforms for remote access and monitoring from anywhere.

Range extension: Exploring the possibility of using Bluetooth mesh networking or hybrid systems to increase the range and
coverage of the system.
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