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Abstract: This project was undertaken to fulfill the need for a convenient, energy efficient and safe modern residence.
This system enables users to monitor and control appliances like lighting, socket, television, air conditioner, etc. nearly
everywhere via a mobile phone. The adopted methodology entailed both use of hardware and software design. The
hardware component included Arduino Uno microcontroller, GSM module to communicate, relays to switch appliances,
and other supporting electronic components which had well positioned inside a protection cover. The software
implementation was done on the Arduino IDE that was used to write, compile and upload the control program into the
microcontroller. The findings indicated that the smart home automation system was effective and operational using GSM
to turn off and turn on household gadgets by sending SMS messages. Communication was stable with response times of
about a few seconds when the network is performing well and as long as one minute when the signal is poor. The system
was capable of running entirely on the 220 V AC mains supply, which it internally stepped down and regulated to drive
the control circuitry and GSM module. Testing of the finished system was done by connecting the appliances to three
labeled sockets (Parlor, Room, and AC) as well as a lighting unit. The paper summarizes that home automation using
GSM can be used as a viable, scalable and low-cost solution to improve the convenience of lifestyle, eliminate energy

wastefulness, and reinforce home security in today’s technology-driven world.
Keywords: Arduino Uno, GSM, Home Automation System, Microcontroller, Relay module.

Introduction
Home appliances and other technologies have been

instrumental in simplifying our lives, saving time, cutting
expenses, and ultimately improving our productivity and
efficiency (Rock et al., 2024; Arshad et al., 2017). In terms
of management and control, manual or analog home
appliances can be very costly, time-consuming, and
stressful (Jan et al., 2021; Leitao et al., 2020; Tolio et al.,
2017). People who are outside their houses and
inadvertently leave their appliances on or off depending on
the situation face a significant hurdle or risk of electrical
disasters (like fire breakouts) if they avoid their appliances.
When equipment is unintentionally left connected to the
electrical grid for longer than necessary, it may result in
wasteful energy use (Wdjcicki et al., 2022; Nizeti¢ et al.,
2020; Hassan et al., 2020; Asghari et al., 2019). Home
appliance control has become a major maintenance and
control responsibility throughout the years (Aguilar et al.,
2021; Paredes-Valverde et al., 2020; Sovacool et al.,
2020). Because of its immense significance in our daily
lives, it cannot be disregarded or abandoned, but it can be

enhanced by being digitized and automated. Home
automation is the process of setting up household
appliances to operate automatically. "Home automation™
refers to the use of technology in residential settings. to
remotely automate and manage household systems and
equipment (Stolojescu-Crisan et al., 2021; Ashraf et al.,
2020; Al-Kuwari et al., 2018; Jabbar et al., 2018). This can
involve using a centralized system, like a smartphone app
or a voice command interface like Google Assistant or
Amazon Alexa, to manage lighting, locks, security
cameras, heating, ventilation, and air conditioning
(HVAC), and other devices. By putting home automation
into practice, people can improve convenience, energy
economy, and security by remotely monitoring and
controlling numerous aspects of their homes. By showing
and updating the status of the connected device through an
easy-to-use interface, a home automation system allows
users to engage with and control several devices with ease
(Benedict et al., 2024). Bluetooth, Zigbee, the Global
System for Mobile Communication (GSM), WiMAX,
SMS, and Wireless LAN (Wi-Fi) are a few of the
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communication channels utilized with contemporary home

automation systems. The most practical device for
operating the majority of home appliances is a cell phone.
Reports on the world's population, which is currently
around 8.01 billion people (Alam and Siddiqui, 2023; Wei
and Lo, 2021), indicate that 6.93 billion people use
smartphones worldwide, which represents 86.5 percent of
the world's population (Arean et al., 2016). Additionally,
most people always have their phones with them, which
makes them a great option for wirelessly switching gadgets
in the home (Natarajan et al., 2022; Apthorpe et al., 2017).
Making interactive electronic creations is made possible
by the Arduino microcontroller platform (Mukherjee and
Dey, 2019). It includes a software development
environment for writing, assembling, and submitting code
to the board, as well as a basic hardware board with an
Atmega microcontroller chip (Ismailov and Jo‘Rayev,
2022; Louis, 2016). Arduino boards are available in a
variety of shapes and sizes, offering a range of features and
capacities to meet the needs of different projects. To
operate lights, motors, displays, and other electrical
devices, Arduino boards may communicate with a variety
of sensors, actuators, and other electronic components
(Kondaveeti et al., 2021). Additionally, they can connect
to other devices by Bluetooth, Wi-Fi, Ethernet, USB, serial
transmission, and other protocols. Designing Arduino
software is made easier by the Arduino Integrated
Development Environment (IDE), an easy-coding
environment based on the wire architecture and the
processing language (Marin-Marin et al.,, 2024,
Kondaveeti et al., 2021). According to Kumar et al. (2022)
and Ismailov and Jo‘Rayev (2022), the IDE allows users
to build applications in a programming language similar to
C/C++, compile them into machine code for the
microcontroller, and upload them to the Arduino board
using a USB cable or other interfaces. For a number of
applications, the Arduino microcontroller has been the
preferred instrument. For example, lyen et al. (2020) used
an Arduino microcontroller and a rain sensor to create a
rainfall warning device and rain detection system. The
alarm goes off each time it starts to rain. lyen et al. (2024)
used Bluetooth and an Arduino microcontroller to operate
household devices that were within a hundred meters of
the smartphone. In order to establish an alarm mechanism
based on the Global System for Mobile (GSM)
communication network, Daadoo and Tarapiah (2016)
also worked on constructing low-cost security home
automation using the Arduino microcontroller. The
owner's system can receive short messaging service (SMS)
messages. An Arduino-powered smart home automation
system was created in a study by Naing and Hlaing (2019).
Two Arduino nanocontrollers and relays were used in this

system to track a predetermined area and react to particular
variables like light and temperature outside. The
microcontroller will send the owner of the device a short
message (SMS) if the sensors detect a change. A smart
home system based on wireless sensor networks was
introduced by Ransing and Rajput (2015) to enable the
elderly live more independently and in a secure
environment. A user-friendly Android-based interface was
also created. In this study, homeowners may remotely
control their appliances thanks to a system that is easy to
use and available from any location with mobile network
coverage.

Materials and Methods

System Design

The initial stage that involved the use of a block diagram
was the development of the system design. Figure 1
revealed a schematic diagram that helped visualize the
relationship between the various components such as the
GSM module, the Arduino-nano microcontroller and the

relay module to realize the desired automation.

=\
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to GSM Module r r
DC Power Supply AC 220V

Figure 1: Block diagram of the system.

Circuit Development

Working on the block diagram in fig.1 above, the real
circuit was built on a veroboard. The Arduino was the main
control unit, and the SIM800OL GSM module was the
medium of communication through which SMS
commands are received. An Arduino was connected to a
relay module to switch appliances (AC) on and off.
Implementation Steps

Assembly Process

The electronic components, including the relay modules,
resistors, transistors, connectors etc, were mounted on a
veroboard. The relay coils were arranged in a row to make
it easier to wire the loads to the microcontroller. This gave
the circuit a small and well organized layout. Plate 1
illustrates the physical layout of the major hardware units
on the veroboard. The main component in the middle is the
Arduino which functions as the controller of the system
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with the high voltage loads switching interface provided

by the relay modules on the right. Communication is done
in the GSM module (at the lower left), discrete
components like resistors and jumper wires are used to
provide appropriate biasing and routing of signals.

| e A
Plate 1: Mounting of components on veroboard.
Programming

The software implementation was done on the Arduino
IDE that was used to write, compile and upload the control
program into the microcontroller.

Testing

The system was tested by typing SMS commands to the
GSM module. The Arduino read the messages, interpreted
them, turned on the correct relays, and turned the
appliances attached to it ON or OFF. System response
time, reliability and general performance were observed.
On plate 2, tests were performed on the completed system
by sending SMS commands such as, lighton and
fansocketon. Arduino was able to receive the commands
sent, turn the appropriate relays on and turn the loads
connected to it ON, as directed. The system also sent
feedback messages like “Ok light is On” and “Ok ac socket
is On". It is a highly efficient system as it took a few
seconds to respond.

Table 1: List of materials used.

Component Specific component
type
1. Hardware Microcontroller (Arduino UNO)

GSM Module (SIM 800L)
Mobile phone

Resistors (1.5k)

Male and Female Headers
Veroboard

Antenna

Relay Modules

Power Cable

Connecting Wires

White Box (Project Enclosure)
13A Sockets

13A Plug

Transistors

Soldering Iron and Soldering
Lead

Pliers

Screws and Screw drivers
Diodes

Load (Fan, Bulb, TV)

Hot gun

Laptop

2. Software Arduino IDE

Results

When a specific SMS command was sent to the GSM
module, the corresponding device connected to the relay
module is switched ON. The same device can also be
switched OFF by sending the appropriate OFF command
as shown in plate 2 and 3. This same process will be
followed to control all the connected devices (sockets and
light). The process was summarized in table 2 below:
Table 2: Commands, actions and responses of the proposed

system.
Device | Command Action Respons
Sent Performed e
AC acsocketon/ Switches Ok ac
socket | acsocketoff ON/OFF the | socket is
AC socket, | On/ Ok
allowing  or | ac socket
cutting off | is Off
power supply
to connected
load.
Parlor | parlorsocketon | Switches Ok parlor
socket |/ ON/OFF the | socket is
parlorsocketof | parlor socket, | On/ Ok
f controlling parlor
appliances socket is
connected in | Off
the parlor.
Room | roomsocketon/ | Switches Ok room
socket | roomsocketoff | ON/OFF the | socket is
room socket, | On/ Ok
controlling room
appliances socket is
connected in | Off
the room.
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Light lighton/ Turns Ok light

output | lightoff ON/OFF the | is On/ Ok
connected light is
lighting load. Off

All allon/ alloff Simultaneousl | Ok  All

device y switches | Load is

s ON/OFF all | On/ Ok
connected All Load
loads (sockets | is Off
and light).

<> )

acsocket On
parilorsocket On
roomsocket On

Ok AIll Load is Off

Ok light is On

Ok ac socket is On

Ok parlor is On

Plate 3: Automation Gadget Turned in Electric Bulb and
Fan.

Discussion

Based on the findings given in Table 2, it can be noted that
the GSM-based smart home appliance automation system
reacted appropriately to all SMS messages sent by the user.
Each device was turned ON or OFF in accordance with the
received instruction, and a notification message was
provided back, (Plate 3) to confirm the performed action.
Plate 2 displays the SMS commands between the system
and the user. The command, acsocketon was issued and the
AC socket was switched on and the system replied that the
AC socket is On. In the same way, upon sending the

command, lighton, the connected lighting load was turned
on and the system replied with the message Ok light is On.
This indicates that the relay switching and the GSM
communication was successful and dependable. The
findings also indicated that it was possible to control a
number of devices at a time or separately. The allon and
alloff commands worked well to start all the loads
connected in parallel, which is convenient in some cases
when the user wishes to start all parts of the system
within a short time. In addition to switching commands,
the system also supports a status inquiry command i.e
homestatus. Although this command was not captured in
the plate, when it is sent, the system responds with a
detailed message indicating the current state of all
connected appliances (e.g., whether the light, AC socket,
parlor socket, or room socket is ON or OFF). This feature
helps the user monitor the home in real time, ensuring
awareness of appliance usage and enhancing control,
especially when operating the system remotely.

A comparative study of the various methods of
communication applicable to home automation such as the
proposed GSM-based system, Wi-Fi, Bluetooth, Zigbee,
manual switching, radio frequency (RF), and infrared (IR)
has been discussed. This is assessed according to range,
internet requirement, response time, advantages and
limitations. For example, Patel and Patel (2016) noted that
automation based on Bluetooth is suitable when control is
over a short range, and switching is very fast. However, it
has the drawback of requiring very close proximity to
work, which is not very realistic with large scale or remote
applications. The benefits of GSM approach adopted here
overcome this disadvantage since it offers long distance
control without being limited by proximity.

The most reliable as far as instant action is concerned are
manual switches which cannot be controlled remotely and
are therefore inconvenient in the case of automation. Radio
frequency (RF) systems are cheaper, but relatively
ineffective and more likely to be interfered with than
GSM, and have a limited range. Infrared (IR) systems are
low-priced and have a direct line of sight, but cannot see
over a wall, which makes them less flexible.

Compared to these current approaches, the GSM-based
system developed under this project has achieved a
balance between long-range control, no dependence on the
internet infrastructure, and stable switching of loads. Its
greatest weakness, which other researchers also
emphasize, is that it depends on the presence and stability
of the GSM network. Nevertheless, the obtained results
confirm that GSM is one of the most flexible ones to be
used in remote home automation, especially in areas where
the internet is limited, but cellular signal can be received.

Conclusion and Future Works
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In the contemporary society, automation systems have

found a home in modern life as they are now an inseparable
part of modern life providing convenience and energy
savings and even security both at home and in industries.
As the demand and application of smart solutions
increases, GSM-based automation can be an affordable
and universally accepted way of controlling the appliances
remotely, as GSM networks can already be found in most
places. The systems decrease energy wastage, less manual
labor, and greater convenience since individuals are able
to operate their appliances even when they are far away.
The project was able to successfully provide the design and
construction of an GSM based home appliance automation
of a smart home. The hardware was intelligently built into
a control box that goes with three sockets labeled Parlor,
Room and AC as well as a Light point, all of which
responded well to ON/OFF options.

With the testing conducted, the system was found to be
reliable, responsive and stable and this shows that
automation of the home is feasible with the use of GSM.
The sockets in the parlor and room enabled control of
small appliances, the AC socket being able to handle large
load appliances and finally the light point had the
capability to support the real-time response. This makes
the goal of the project: to provide convenience, security
and energy management by means of efficient automation
solution, and the means to achieve it.

In summary, this project serves as an effective basis in
smart home automation with GSM technology and proves
its capacity to eliminate wasteful energy consumption,
increase the comfort of the users and home security.

In the light of the findings and successful implementation
of this project, it is recommended that:

i Future research should delve into the integration
of next-generation technologies such as 5G for
faster, more reliable connectivity, and artificial
intelligence (Al) for adaptive learning and
intelligent automation.

ii.  Thesystem should be modified with the provision
of backup power supply like rechargeable
batteries or solar energy, which will allow
uninterrupted operation of the system even during
power outages.
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