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Abstract: The rapid development of wireless communication and embedded systems has led to increased adoption of home
automation technologies. This project presents a Smart Energy-Saving Home Automation System via Bluetooth that
allows users to control household electrical devices remotely using a smartphone. The system is designed to improve
convenience, accessibility, and energy efficiency in residential environments. The proposed system uses a microcontroller
(such as Arduino or NodeMCU) interfaced with a Bluetooth module (HC-05/HC-06) to establish wireless communication
with an Android application. User commands sent from the mobile application are received by the Bluetooth module and
processed by the microcontroller. Based on these commands, a relay module is activated to switch electrical appliances ON
or OFF. The system operates within a short communication range and provides quick response with minimal delay. The
Bluetooth-based approach makes the system cost-effective, easy to install, and reliable for small-scale home automation. It
is especially useful for elderly and physically challenged individuals by reducing manual effort. The proposed solution
demonstrates an efficient method for implementing basic smart home functionality without complex infrastructure.
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I INTRODUCTION The project Smart Energy-Saving Home Automation
System via Bluetooth is developed to provide a simple, cost-

In the modern era, technology is continuously changing
the way people live, work, and interact with their
surroundings. One of the most important areas where this
transformation can be seen is in home automation. [1] With
the rapid growth of wireless communication, embedded
systems, and smartphone-based applications, controlling
household appliances has become easier, faster, and more
efficient than ever before. [2] Traditional methods of
operating electrical appliances such as lights, fans,
televisions, and other devices manually require physical effort
and constant human involvement. [3] This becomes
inconvenient in busy lifestyles and can also create difficulty
for elderly people, disabled individuals, or patients who may
not be able to move freely. Because of this, automated and
remotely controlled appliance systems are becoming highly
useful in modern homes. [4,5]
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effective, and reliable method for controlling household
electrical devices using Bluetooth technology. [6] The
Bluetooth module acts as a communication bridge between
the smartphone and the hardware system. When the user
sends a command from the Android mobile application, the
Bluetooth module receives the signal and passes it to the
microcontroller. The microcontroller then processes the
command and activates the corresponding relay, which turns
the connected appliance ON or OFF. [8]

This project is important because it demonstrates how
wireless communication can be used to improve convenience
and control in everyday life. Bluetooth technology is
especially suitable for this type of application because it is
widely available in smartphones, easy to configure,
inexpensive, and efficient for short-range communication.
Unlike internet-based automation systems, a Bluetooth-
controlled system does not depend on Wi-Fi, cloud
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connectivity, or data services. [9] This makes the system
simpler, faster to install, and affordable for users who only
need local appliance control. [10]

Another important aspect of this project is its role in
energy efficiency and effective appliance management. In
many homes, electrical devices are often left ON
unnecessarily, which increases power consumption and
electricity costs. With this system, the user can manage
appliances more effectively and turn them OFF whenever
they are not needed. [11] This leads to better energy
utilization and supports the concept of smart living. [12]

The project also has great educational value. It combines
multiple areas of technology, including embedded systems,
wireless communication, mobile application control, and
electrical switching. By developing this system, students can
understand how hardware and software interact in real-time
applications. [13] The system offers fast response, simple
operation, and low maintenance. [15,16]

» The Specific Research Obijectives of this Project are as
Follows:

e To design and develop a cost-effective home automation
system using Bluetooth  wireless communication
technology.

e To enable remote ON/OFF control of household electrical
appliances through a smartphone Android application.

e To reduce manual effort in appliance operation and
improve convenience for elderly and physically
challenged users.

e To promote energy saving by allowing users to quickly
switch off appliances that are not in use.

e To implement a microcontroller-based control system
using relay modules for safe switching of high-voltage
appliances.

e To demonstrate the practical integration of embedded
systems, wireless communication, and mobile application
technology in a real-life smart home environment.

1. LITERATURE SURVEY

Ogbeide and Oluyide (2023) in their paper
"Implementation of an Automated Control System for Home
Appliances Using Bluetooth and Smart Phone" published in
the Mountain Top University Journal of Applied Science and
Technology, demonstrated that a smartphone-based Bluetooth
control unit built with an Arduino Uno, HC-05 module, four-
channel relay, and LCD could operate home appliances over a
range of 30 m to 100 m, while also improving convenience
for elderly and physically challenged users, thereby validating
Bluetooth as a practical short-range solution for low-cost
home appliance automation.

Bhardwaj, Roy, and Singh (2023) in their paper
"Bluetooth Based Home Automation Using Android Phone"
presented at the 2023 ICSEIET conference, developed a low-
cost and flexible Android-based Bluetooth home automation
approach that used mobile-phone commands for appliance
switching, showing that Bluetooth remains a relevant
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technology for simple and secure local home control without
dependence on internet infrastructure.

Demrozi, Turetta, and Pravadelli (2023) in their paper
"SHPIA 2.0: An Easily Scalable, Low-Cost, Multi-purpose
Smart Home Platform for Intelligent Applications™ published
in SN Computer Science, demonstrated that a smart home
platform based on low-cost Bluetooth Low Energy (BLE)
devices could transform common household objects into
smart controllable devices while improving scalability,
interoperability, and adaptability, thereby confirming the
importance of BLE-based architectures for modern appliance
control systems.

Irugalbandara et al. (2023) in their paper "A Secure
and Smart Home Automation System with Speech
Recognition and Power Measurement Capabilities” published
in Sensors, proposed an offline home automation system that
did not rely on internet or cloud services and still provided
relay-based control, quick response, cyber-attack resistance,
and power usage tracking, demonstrating that local-control
smart home systems can achieve better privacy, reliability,
and responsiveness than cloud-dependent solutions.

Langa, Oni, and Akindeji (2024) in their paper
"Arduino-Based Home Automation System™ published in the
Proceedings of the International Conference on Industrial
Engineering and Operations Management, developed a
Bluetooth-enabled Arduino home automation prototype
controlled through an Android smartphone and enhanced with
a high-security lock interface, showing that Bluetooth-based
appliance control can be extended beyond switching functions
to include practical residential security features in a scalable
and energy-efficient design.

Mohamad et al. (2024) in their paper "Smart Home
Electrical Appliances Control with Security Automation
Using Arduino for Modern Residential Applications"
demonstrated that integrating Arduino-based appliance
control with IR intrusion detection, mobile-app remote
management, and real-time alerts produced a reliable and
cost-effective system that improved both usability and safety,
highlighting that future home appliance controllers should
combine automation with security.

Addow et al. (2025) in their paper "A Low-Cost loT-
Based Smart Home Automation System for Urban
Sustainability in Mogadishu, Somalia" published in Discover
Internet of Things, demonstrated that an ESP32-centered
smart home platform with mobile-app control, automated
temperature regulation, surveillance, and smart locks could
achieve a reported 15-20% reduction in energy consumption,
showing that low-cost appliance automation systems can
deliver meaningful efficiency gains when combined with
sensing and remote control features.
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1. METHODOLOGY

The methodology of the Smart Energy-Saving Home
Automation System via Bluetooth project explains the
process used to design and implement the system. This
project is based on the concept of wireless control of
household appliances using Bluetooth communication. The
system mainly consists of a smartphone, Bluetooth module,
microcontroller, relay module, and electrical appliances. The
user sends commands from the smartphone application,
which are received by the Bluetooth module. These
commands are then processed by the microcontroller, and
based on the command, the relay turns the connected
appliance ON or OFF.

A. Planning and System Architecture

The first step in the methodology is the planning and
design of the system architecture. In this stage, the complete
structure of the project is identified, including input,
processing, and output units. The smartphone acts as the input
device, the microcontroller works as the processing unit, and
the relay with connected appliances acts as the output section.

B. Hardware Selection and Setup

The second step is hardware selection and setup.
Suitable components such as Arduino or NodeMCU, HC-
05/HC-06 Bluetooth module, relay module, power supply,
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and appliances are selected. These components are connected
properly according to the circuit design to ensure safe and
smooth operation of the system.

C. Software Development

The third step is software development. The
microcontroller is programmed using Arduino IDE to read
Bluetooth commands and control the relays. At the same
time, a Bluetooth control mobile application is used on the
smartphone to send appliance control commands like ON and
OFF.

D. System Integration

The fourth step is system integration. In this stage, the
smartphone application, Bluetooth module, microcontroller,
and relay module are connected together. The communication
between all components is tested to make sure commands are
transferred correctly and appliances respond properly.

E. Testing and Validation

The fifth step is testing and validation. The system is
tested under different conditions to check response speed,
Bluetooth connection range, relay switching accuracy, and
overall system reliability. The results are analyzed to confirm
that the project works successfully for home appliance
automation.
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Fig. 1: Block Diagram of Smart Energy-Saving Home Automation System via Bluetooth
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V. RESULT AND DISCUSSION

The Bluetooth Control Electronic Home Appliance
project was successfully designed and implemented for
wireless control of household devices using a smartphone.
The system was able to establish communication between the
Android mobile application and the Bluetooth module
effectively. Commands sent from the smartphone were
received by the microcontroller, which then controlled the
relay module to switch connected appliances ON and OFF.
The overall performance of the system was found to be stable,
simple, and suitable for small-scale home automation.
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During testing, it was observed that the system
responded quickly to user commands within the Bluetooth
operating range. The relay switching mechanism worked
properly, and the connected appliances such as bulb and fan
were controlled without major delay. Since the system does
not require internet connectivity, it is easy to install and use in
homes where simple automation is needed.

Overall, the result confirms that the developed system is
practical, efficient, and user-friendly. It provides a good
foundation for future improvements such as voice control,
Wi-Fi connectivity, and sensor-based automation.

Table 1: Result Analysis

Parameter

Observation

Result

Bluetooth Communication

Stable connection established between smartphone and module

Successful

Appliance Control

Bulb/Fan switched ON and OFF through relay

Working Properly

System Performance

Fast response and simple operation within short range

Effective

VI. CONCLUSION

The Smart Energy-Saving Home Automation System
via Bluetooth was successfully developed as a simple and
effective home automation system. The system allows users
to control household appliances wirelessly through a
smartphone using Bluetooth communication. By integrating a
microcontroller, Bluetooth module, relay unit, and mobile
application, the project achieved reliable ON/OFF control of
appliances within a short communication range.

The project proves that Bluetooth-based appliance
control is a practical solution for small-scale home
automation because it is low-cost, easy to install, and does not
require internet connectivity. Recent work in this area
continues to show that Bluetooth- and Arduino-based home
automation systems remain useful for local control, especially
where affordability and simplicity matter.

Overall, the system improves convenience, reduces
manual effort, and supports better energy usage in home
environments. Although the range is limited compared with
Wi-Fi or cloud-based systems, the project serves as a strong
base for understanding wireless control, embedded systems,
and smart home applications.

FUTURE SCOPE

The current system is limited to short-range Bluetooth
communication, but it can be improved in several useful
ways. In future, the project can be upgraded by adding Wi-Fi
or 10T connectivity so that appliances can be controlled from
anywhere through the internet. Smart home research after
2022 increasingly combines appliance control with mobile
apps, sensing, security, and energy management, so that is the
natural next step.

The project can also be extended with voice control,
sensor-based automation, and power monitoring. Another
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possible enhancement is the addition of security functions
such as smart locks, intrusion detection, and alert
notifications, which are already being explored in newer
home automation designs.
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