Journal of Systems Engineering and Electronics (ISSN NO: 1671-1793) Volume 35 ISSUE 10 2025

Smart Home Automation and Security System
using ATmega

Ms. Patil Bhagyashree Shahaji, Dr. P. S. Kolhe?

1.2 Department of Electronics & Telecommunication Engineering Department, TPCT’S Collage of
Engineering, Dharashiv, Maharashtra

Abstract

With the increasing demand for comfort, security, and energy efficiency in modern households,
Smart Home Automation has emerged as a promising technological solution. This project focuses
on the design and implementation of a Smart Home Automation System using the ATmega
microcontroller as the core processing unit. The ATmega microcontroller is selected for its low cost,
reliability, and ease of programming, making it a suitable choice for embedded automation
applications. The proposed system integrates a variety of sensors, including temperature, motion
(PIR), gas, and light sensors, to monitor the home environment in real time. Actuators such as relays
and motors are employed to control appliances like fans, lights, and door locks. Wireless
communication modules, such as Bluetooth and Wi-Fi, are interfaced with the ATmega to provide
seamless connectivity between the system and the user’s smartphone or computer. This allows
remote access and control of household devices, ensuring convenience and flexibility. For enhanced
security, the system incorporates intrusion detection and fire/gas leakage alerts, which can notify the
user through alarms or messages. Furthermore, the automation features allow scheduled operations,
thereby reducing unnecessary power consumption and improving overall energy efficiency.

Keywords: ATmega Microcontroller, Bluetooth, Actuators, Wireless Communication, Voice Control
Integration.

1. Introduction

In today’s world, the concept of smart living has become an integral part of modern households.
With the rapid growth of embedded systems and the Internet of Things (IoT), the demand for
automation, security, and energy efficiency in homes has significantly increased. Smart Home
Automation systems are designed to provide comfort, convenience, safety, and efficient utilization
of energy by automating the control of household appliances and monitoring the environment in real
time. The use of microcontrollers in automation systems has made it possible to design low-cost,
reliable, and scalable solutions. Among various microcontrollers, the ATmega family has gained
popularity due to its simple architecture, low power consumption, ease of programming, and wide
compatibility with sensors and communication modules. The ATmega microcontroller serves as the
central control unit in the proposed system, receiving input from sensors, processing the data, and
triggering appropriate actions through actuators. In this project, the Smart Home Automation System
using ATmega is developed to control and monitor devices such as lights, fans, door locks, and
security systems. The system employs sensors like temperature, gas, light, and motion (PIR) to
continuously track environmental conditions. It further integrates wireless communication modules
such as Bluetooth and Wi-Fi to allow remote monitoring and control via a smartphone application.
This ensures that users can manage their home appliances from anywhere, increasing both

convenience and security. The proposed system also emphasizes energy efficiency by incorporating
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automated scheduling and intelligent decision-making. For instance, lights can be automatically
switched off when no motion is detected, or fans can be regulated according to room temperature.
Additionally, safety features such as intrusion detection and gas leakage alerts enhance the overall
security of the household.

2. Literature review

l.

Garcia and Martinez (Remote Control Systems for Home Automation: A Comprehensive Review)
delve into remote access technologies used in home automation, such as Bluetooth, Wi-Fi, and
Zigbee. Their review focuses on the technical performance of these systems in terms of communi-
cation range, latency, and data security. The paper identifies the need for improved encryption and
authentication mechanisms to safeguard remote access and recommends further research on low-
latency communication for real-time responsiveness.

“A Dynamic Distributed Energy Management Algorithm of Home Sensor Network for Home Au-
tomation System”, by Tui-Yi Yang, Chu-Sing Yang, Tien-Wen Sung. This paper proposes an op-
timization of home power consumption based on PLC (Power Line Communication) for an easy
to access home energy consumption. This also proposes a Zigbee and PLC based renewable energy
gateway to monitor the energy generation of renewable energies. ACS and DDEM algorithm are
proposed for the design of an intelligent distribution of power management system to make sure
ongoing power supply of home networks. To provide efficient power management the power sup-
ply models of home sensor network are classified groups viz. main supply only, main supply and
backup battery, rechargeable battery power and non-rechargeable battery power. Devices with par-
ticular features are assigned to these groups. It targets to establish real time processing scheme to
address variable sensor network topologies.

“IOT Based Smart Security and Home Automation”, by Shardha Somani, Parikshit Solunke,
Shaunak Oke, Parth Medhi, Prof. P. P. Laturkar. This paper focuses on a system that provides
features of Home Automation relying on IOT to operate easily, in addition to that it includes a
camera module and provides home security. The android application basically converts
Smartphone into a remote for all home appliances. Security is achieved with motion sensors if
movement is sensed at the entrance of the house; a notification is sent that contains a photo of
house entrance in real time. This notification will be received by the owner of the house via internet
such that app can trigger a notification. So owner can raise an alarm in case of any intrusion or
he/she can toggle the appliances like opening the door if the person is a guest. The system uses
Raspberry Pi, a small sized computer which acts as server for the system. The smart home consists
two modules. Home automation that consists; fan light and door controller, and security module
that consists; smoke sensor motion sensor and camera module.

. In a related domain, Brown and White (Mobile-Based Home Automation: State-of-the-Art and

Future Directions) explore mobile-based smart home control solutions. Their work emphasizes the
advantages of smartphone interfaces, which allow users to interact with home devices remotely
through intuitive apps. The paper assesses compatibility across different platforms and operating
systems while noting user concerns around battery consumption and internet dependency. It also
predicts the emergence of hybrid control systems integrating mobile apps with cloud services and
Al

Smith and Johnson (Voice-Controlled Home Automation Systems: A Review) provide a compre-
hensive analysis of voice-controlled smart home technologies. Their study highlights the growing
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popularity of voice assistants such as Amazon Alexa, Google Assistant, and Apple Siri in auto-
mating routine tasks. While voice control enhances accessibility and hands-free convenience, the
authors also point out challenges including speech recognition accuracy, privacy concerns, and
integration complexities with existing home systems.

6. “Smart Energy Efficient Home Automation System using IOT”, by Satyendra K. Vishwakarma,
Prashant Upadhyaya, Babita Kumari, Arun Kumar Mishra. This paper presents a step-by-step pro-
cedure of a smart home automation controller. It uses IOT to convert home appliances to smart
and intelligent devices, with the help of design control. An energy efficient system is designed that
accesses the smart home remotely using IOT connectivity. The proposed system mainly requires,
Node MCU as the microcontroller unit, IFTTT to interpret voice commands, Adaftruit a library that
supports MQTT acts as an MQTT broker and Arduino IDE to code the microcontroller. This mul-
timodal system uses Google Assistant along with a web based application to control the smart
home. The smart home is implemented with main controller unit that is connected with the 24-
hour available Wi-Fi network. To ensure, that the Wi-Fi connection do not turn off, the main con-
troller is programmed to establish automatic connection with the available network and connected
to the auto power backup.

7. Finally, Clark and Taylor (Integration of Voice, Mobile, Remote, and Manual Control in Smart
Home Systems: A Comparative Analysis) present a holistic view of multi-modal smart home con-
trol. Their comparative study assesses the strengths and limitations of voice, mobile, remote, and
manual interfaces, concluding that user experience is maximized when systems offer flexibility
and redundancy. Integration of multiple control methods not only improves usability but also en-
sures that smart homes remain functional under various conditions.

3. Problem Statement

In conventional households, appliances such as lights, fans, and security systems are operated
manually, which often leads to energy wastage, lack of convenience, and limited safety features.
Users are unable to remotely monitor or control their home devices, making it difficult to manage
energy consumption efficiently. Moreover, traditional systems lack automation intelligence,
meaning appliances remain on unnecessarily, increasing electricity bills and reducing
sustainability. Another critical issue is home security—traditional systems do not provide real-
time intrusion detection, fire, or gas leakage alerts, leaving homes vulnerable to accidents and
unauthorized access. Existing smart home solutions available in the market are often expensive,
require advanced infrastructure, or are not customizable, making them unsuitable for common
households. Hence, there is a pressing need for a low-cost, scalable, and reliable smart home
automation system that integrates environmental monitoring, appliance control, energy
management, and security. Such a system should leverage microcontroller-based technology (like
ATmega) with wireless communication to provide remote access, real-time alerts, and intelligent
automation for improved comfort, safety, and energy efficiency.

4. Proposed System

The proposed system is a Smart Home Automation System based on the ATmega microcontroller, de-
signed to provide efficient control, monitoring, and automation of household appliances. The ATmega
acts as the central processing unit, interfacing with various sensors, actuators, and communication mod-
ules to ensure real-time operation. The system ppgsEpeoatss environmental sensors such as temperature,
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light, gas, and motion (PIR) sensors to continuously monitor the home environment. Based on sensor
inputs, the ATmega microcontroller makes intelligent decisions—for example, turning lights on/off ac-
cording to ambient light, activating fans depending on room temperature, or generating alerts in case of
fire or gas leakage. To enable remote monitoring and control, wireless communication modules such as
Bluetooth or Wi-Fi are integrated with the ATmega. Through a smartphone application or web inter-
face, users can control appliances, view sensor data, and receive alerts from any location. Security is en-
hanced by integrating intrusion detection, smart door locks, and real-time notifications. The appliances
are connected to the ATmega through relay modules, which allow safe switching of electrical devices.
Additionally, scheduling and automation features reduce unnecessary power usage, contributing to en-
ergy efficiency. The system is cost-effective, scalable, and user-friendly, making it suitable for both ur-
ban and rural households.

5. Bock Diagram
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Figl. Block Diagram Smart Home Automation System
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6. Circuit Daigram
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Fig 2 Circuit Diagram of Smart Home Automation System
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7. Flow Chart
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Fig 3 Flow Chart of Smart Home Automation System
8. Working

The working of This section discusses the design of the project through the combination of
various blocks in the block diagram. The block diagram of the system is shown in figure 3. The
Bluetooth module and the relay board are connected to the Atmega328p-pu microcontroller. The
microcontroller receives the voice commands from the android application via Bluetooth
technology. The application contains specific words and phonemes that the user says.
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9. Hardware

Atmega 328p: - The microcontroller selected for this project is Atmega 328p.The high-performance
Microchip 8-bit AVR RISC-based microcontroller combines 32KB ISP flash memory with read-while-
write capabilities, IKB EEPROM, 2KB SRAM, 23 general purpose I/O lines, 32 general purpose working
registers, three flexible timer/counters with compare modes, internal and external interrupts, serial
programmable USART, a byte-oriented 2-wire serial interface, SPI serial port, 6-channel 10-bit A/D
converter programmable watchdog timer with internal oscillator, and five software selectable power
saving modes. The device operates between 1.8-5.5 volts

Fig. 4 Atmega 328p
Android Bluetooth Application: - Voice application commands the microcontroller using an

Android smart phone and a HC-05 Bluetooth module.

Fig. 5 Android application
Relay Module : - A relay is an electrically operated switch. It has a set of input terminals for one or more
control signals, and a set of operating contact terminals. The switch may have any number of contacts in
multiple contact forms, such as make contacts, break contacts, or combinations thereof.
Relays are used to control a circuit by an independent low-power signal and to control several circuits by
one signal. They were first used in long-distance telegraph circuits as signal repeaters that transmit a
refreshed copy of the incoming signal onto another circuit. Relays were used extensively in telephone
exchanges and early computers to perform logical operations.
The traditional electromechanical relay uses an electromagnet to close or open the contacts, but relays
using other operating principles have also been invented, such as in solid-state relays which
use semiconductor properties for control without relying on moving parts. Relays with calibrated operating
characteristics and sometimes multiple operating coils are used to protect electrical circuits from overload
or faults; in modern electric power systems these functions are performed by digital instruments still
called protective relays or safety relays PAGE NO: 56
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Fig.6 Relay Module

Bluetooth Module: - Bluetooth module HC-05 is used in this study. It establishes a connection
between the microcontroller and the android device. is a widely used technology standard for
short-range wireless communication between devices. It enables the connection of peripherals
such as headsets, keyboards, mice, and other accessories to computers and electronic devices.
However, Bluetooth's capabilities extend beyond peripheral connections. Bluetooth operates on
the 2.4GHz radio frequency and uses spread spectrum frequency hopping to minimize
interference from other devices. This technique allows for secure and reliable communication
between devices. Bluetooth technology has evolved through different versions, with the latest
being Bluetooth 5.2, released in December 2020. Each version introduces new features and
improvements. Bluetooth 5.2 offers a range of up to 400 meters and faster data transfer rates
compared to previous versions. It also enhances security measures to protect wireless
communications. In addition to connecting peripherals, Bluetooth is used for various
applications. It enables wireless internet access, file sharing, and media streaming, allowing
devices to communicate and share data seamlessly. Bluetooth is commonly used for wireless
audio streaming, enabling connections with speakers, headphones, and car stereos. Furthermore,
Bluetooth technology facilitates wireless gaming by connecting controllers to gaming consoles
or mobile devices. It also finds applications in home automation, IoT (Internet of Things) devices,
and healthcare devices, among others. Bluetooth has become an integral part of modern
connectivity, providing convenient wireless communication options for a wide range of devices
and applications. Its versatility and widespread adoption make it a popular choice for short-range
wireless connections.

Fig. 7 Bluetooth Module
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10. Result

Sr. Device Command ON/OFF
No Voice Terminals

1 Bulb 1 Light ON 1 ON

2 Bulb 1 Light OFF 2 OFF

3 Bulb 2 Light ON 3 ON

4 Bulb 2 Light OFF 4 OFF

5 Socket 1 Socket ON 5 ON

6 Socket 1 Socket OFF 6 OFF

7 Socket 2 Socket ON 7 ON

§ Socket 2 Socket OFF 8 OFF

Fig.8 Test Results

11. Conclusion
The first objective of the study was to implement the voice user as an input to the

microcontroller to control the lighting system at all times. From the results, the voice application
was used successfully to capture the voice commands. The voice recognition APIs in the application
could identify the specific commands used except for a few instances. The commands were used to
activate the respective relays thereby controlling the system. The use of Bluetooth connection to
control the lights via a phone from anywhere in a room. Bluetooth technology was effectively used
to send the voice commands to the microcontroller. Based on the results, it is evident that the
Bluetooth module was able to connect to the phone and transmit the voice input to the
microcontroller successfully. The use a relay board to control the switching on and off of specific
bulbs. The 4-channel relay used in the project controlled the four lighting points according to the
voice commands efficiently. From the results, the lighting points, that is, room, table, bedroom, and
security, was turned on and off respectively as per the user input hence this objective was achieved.
Generally, the Voice Controlled Lighting System was built and implemented successfully. The
system is specially designed for the persons with special needs and the elderly. The use of voice
commands eliminates the need to use remote controllers and other electronic devices, such as the
manual switch, and makes it easy to interact with the system to perform automation and control of
the lighting system. The system is highly flexible and scalable since it can use other means of
wireless transfer to the microcontroller other than Bluetooth and can be designed to switch as many
lighting points and appliances as desired. From an engineering perspective, the project has seen
concepts acquired through the electrical engineering study period being practically applied. The
electric circuit analysis knowledge was usedaturing:dgsign and fabrication of the individual
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modules; Electromagnetic fields analysis used in the wireless transmission between

microcontrollers and Software programming used during programming of the microcontrollers to
come up with a final finished circuit system.

12. Project Image
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