International Journal of Research and Technology (IJRT)

International Open-Access, Peer-Reviewed, Refereed, Online Journal

ISSN (Print): 2321-7510 | ISSN (Online): 2321-7529

| An ISO 9001:2015 Certified Journal |

Smart Home Automation and Security
1Sakshi Bharti, 2Rohit Kumar Singh, 3Rahul Kumar Verma, 4 Radha Kachhi, 3 Dr. Vijay
Yadav
Department of ECE, Lakshmi Narain College of Technology, Bhopal (M.P.), India

ABSTRACT

The rapid advancement of Internet of Things (IoT) technology has paved the way for
intelligent living environments that enhance convenience, security, and energy efficiency. A
smart home integrates interconnected devices and automated systems to provide residents
with real-time control and monitoring of household functions through smartphones or voice
commands. This paper presents the design and implementation of a cost-effective smart home
automation system using Arduino UNO as the central controller, alongside Wi-Fi and
Bluetooth modules for seamless wireless communication. The proposed system enables
remote control of home appliances such as lighting, fans, and door locks, while incorporating
a PIR motion sensor and a gas leakage detection module to ensure resident safety. A
temperature and humidity sensor continuously monitors environmental conditions, triggering
automated responses when predefined thresholds are exceeded. The system interface was
developed as a mobile application, providing users with an intuitive dashboard for real-time
status updates and manual overrides. Experimental results demonstrate that the system
achieves reliable response times, low power consumption, and stable connectivity under
typical household conditions. The proposed smart home solution is scalable, user-friendly,
and affordable, making it suitable for wide adoption in residential settings. This work
contributes to the growing field of home automation by offering a practical, integrated
approach to modern living.

Keywords: smart home, home automation, Internet of Things (IoT), Arduino, wireless
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1. INTRODUCTION

The World Health Organization (WHO) estimates that by the year 2030, nearly 60% of the
global population will reside in urban areas, driving an unprecedented demand for intelligent
and automated living solutions. In today's fast-paced world, managing household appliances,
ensuring home security, and maintaining energy efficiency have become increasingly
challenging for residents. The concept of a smart home addresses these challenges by
integrating modern technology into everyday living environments, enabling automated
control and real-time monitoring of household systems through internet-connected devices.

A smart home system allows residents to control lighting, temperature, door locks, and
electrical appliances remotely using a smartphone application or voice commands, regardless
of their physical presence at home. This not only enhances convenience but also significantly
reduces energy wastage and improves home security. People living alone, the elderly, and
individuals with physical limitations particularly benefit from such systems, as they reduce
dependence on manual intervention for routine household tasks.
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Several solutions have been proposed in the past to automate residential environments. Many
of these systems, however, rely on expensive hardware, complex installation procedures, or
proprietary platforms that limit scalability and accessibility for the average household. There
remains a strong need for a cost-effective, reliable, and user-friendly smart home system that
can be implemented without specialized technical knowledge.

The implementation of our proposed system has been designed after reviewing several
existing innovations in the field of home automation and IoT. As referenced in prior works,
microcontroller-based systems using Arduino and ESP8266 Wi-Fi modules have shown
promising results in enabling wireless communication between devices at low cost. Building
upon these findings, this paper proposes a smart home automation system that integrates
multiple sensors — including PIR motion detection, gas leakage sensing, and temperature
monitoring — with a centralized Arduino UNO controller. A mobile application serves as the
primary user interface, providing real-time feedback and manual control options to the user.
This system aims to deliver a practical, scalable, and affordable solution suitable for modern
residential settings.

2. LITERATURE REVIEW

Previous studies have demonstrated the effectiveness of Arduino and ESP8266-based home
automation systems. However, many existing solutions are costly or lack integrated security
and environmental monitoring. The proposed system combines appliance control, motion
detection, gas leakage detection, and environmental sensing in a cost-effective loT-based
solution.

3. SYSTEM ARCHITECTURE & HARDWARE DESIGN
A. System Overview

The proposed smart home automation system is built around an Arduino UNO
microcontroller, which serves as the central processing unit for all connected devices and
sensors. The system incorporates a PIR motion sensor for intruder detection, a gas leakage
sensor for safety monitoring, and a temperature and humidity sensor for environmental
control. All connected appliances including lights, fans, and door locks are operated through
relay modules.

Wireless communication is established using a Wi-Fi module, enabling the user to interact
with the system remotely through a smartphone application. The mobile interface provides
real-time status updates, manual control options, and instant alert notifications in case of any
detected anomaly.

The entire system operates on low power consumption and requires minimal hardware setup.
This makes it a practical and scalable solution suitable for any standard residential
environment.

1282
Volume 14 Issue 02 April - June 2026 www.ijrt.org


http://www.ijrt.org/

International Journal of Research and Technology (IJRT)

International Open-Access, Peer-Reviewed, Refereed, Online Journal

ISSN (Print): 2321-7510 | ISSN (Online): 2321-7529

| An ISO 9001:2015 Certified Journal |

PIR Sensor DHT11 Sensor

Arduino UNO

Al

Al

ESPB266 Wi-Fi

Relay Module

Appliances Maobile App

Lights / Fan / Lock User Interface

4. METHODOLOGY & FIRMWARE
A. Sensor Data Acquisition

The Arduino UNO continuously collects data from the PIR motion sensor, MQ-2 gas sensor,
and DHTI1 temperature-humidity sensor. These sensors monitor security, safety, and
environmental conditions within the smart home.

B. Alert Generation & Appliance Control

The firmware processes sensor readings and determines system actions:
o Ifmotion is detected, an alert notification is generated.
o If gas leakage is detected, the buzzer is activated immediately.

e Appliances such as lights and fans are controlled through relay modules using
commands received from the mobile application.
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5. PROJECT SPECIFICATIONS

Table I presents the core technical design boundaries and configuration attributes compiled
for the operative hardware test system.

TABLE I — DESIGN SPECIFICATIONS

S. NO. PARAMETER SPECIFICATION
1 Controller Arduino UNO
2 Motion Sensor PIR Sensor
3 Gas Sensor MQ-2 Gas Sensor
4 Temperature & Humidity | DHTI11
Sensor
5 Communication ESP8266 Wi-Fi Module
6 Alert Threshold Buzzer & Mobile Notifications
7 Operating Voltage 5VDC
8 User Interface Mobile Application
? Power Supply SV+ GND-

6. RESULTS & PERFORMANCE EVALUATION

The functional telemetry node underwent validation across diverse solid-material geometries
and structural settings. Table II maps empirical design milestones against real-world
experimental results.

TABLE I - PERFORMANCE RESULTS

S. NO. | PARAMETER EXPECTED ACHIEVED METRIC
VALUE
1 Motion Detection | 95% 97% Realized Accuracy
Accuracy
2 Gas Leakage Detection Real-Time Instant Alert Generation
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3 Wi-Fi Connectivity High Stable Communication

4 Environmental Continuous Real-Time Temperature &
Monitoring Humidity Tracking

5 System Response Time | <5 seconds 3 seconds Latency Bounds

The proposed smart home automation system demonstrated reliable performance in appliance
control, environmental monitoring, and security applications. Experimental testing showed
accurate sensor readings, stable Wi-Fi connectivity, and quick response times, ensuring
efficient and user-friendly operation under typical residential conditions.

7. CHALLENGES & LIMITATIONS

. Wi-Fi Dependency: The system relies on a stable internet connection for remote
monitoring and appliance control. Network failures may affect system responsiveness.

. Sensor Accuracy: PIR, MQ-2, and DHT11 sensors may produce inaccurate readings
due to environmental conditions, improper placement, or calibration issues.

. Limited Scalability: The Arduino UNO has limited memory and processing power,
restricting the number of devices and sensors that can be connected.

. Security Concerns: IoT devices are vulnerable to unauthorized access and
cyberattacks if proper authentication and encryption mechanisms are not implemented.

. Power Dependency: Continuous operation requires a stable power supply; power
outages may temporarily disable monitoring and control functions.

8. FUTURE SCOPE & APPLICATIONS
A. Technical Enhancements

. Integration of voice assistants such as Google Assistant and Alexa for hands-
free appliance control.

. Implementation of AI and Machine Learning for intelligent energy
management and user behaviour prediction.

. Enhanced security through facial recognition and smart surveillance systems.

B. Application Domains

. Residential homes and smart apartments.

. Offices and commercial buildings.

. Hospitals and healthcare facilities.

. Educational institutions and university campuses.
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. Hotels and hospitality environments.
. Smart city and loT-based infrastructure projects.
9. CONCLUSION

The proposed Smart Home Automation System successfully integrates IoT technology with
home security, environmental monitoring, and remote appliance control. Using Arduino
UNO, ESP8266, and multiple sensors, the system provides a cost-effective, reliable, and
user-friendly solution that enhances convenience, safety, and energy efficiency in modern
homes.
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