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ABSTRACT
The aim of this project is to design and develop a” Smart Home Automation System using
Voice Command” to control household appliances seamlessly. Traditional home automation
systems can be expensive and require manual input. This project introduces a cost-effective
and highly accessible prototype that utilizes Internet of Things (IoT) concepts, Bluetooth
communication, and Voice Recognition technology. The system’s core architecture consists of
an Arduino microcontroller, an HC-05 Bluetooth module, and a multi-channel Relay module
connected to standard home appliances (like lights and fans). The user interacts with the
system using an Android smartphone equipped with a voice recognition application (such as
Google Assistant). The voice commands are converted into text and transmitted over
Bluetooth to the HC-05 module. The Arduino processes these incoming serial data commands
and triggers the corresponding relays to turn the connected devices ON or OFF. This project
successfully demonstrates a reliable, cheaper, and user-friendly alternative to expensive smart
home solutions, making home automation accessible to everyone, including the elderly and
physically disabled.
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1. INTRODUCTION
The Internet of Things (IoT) enables various objects and devices used in daily life to connect
and communicate, reducing the need for human intervention. One of the most rapidly
growing fields of IoT is home automation. While smart home systems exist, they are often
expensive and require complex setups. Voice-controlled automation takes this a step further
by removing the need for physical switches or manual app navigation. By simply speaking a
command, users can control their environment. This is not only a matter of convenience for
modern living but also provides significant assistance to the elderly and physically impaired
individuals who might struggle with manual switches. The primary objective of this project is
to design and implement a cost-effective voice-controlled home automation system. The
system allows users to control various alternating current (AC) home appliances (like bulbs
and fans) using voice commands given to an Android smartphone.
2. PROBLEM STATEMENT
Current home automation solutions face several challenges:

e Commercial smart home systems are often prohibitively expensive.

e Many systems require complex network setups and constant internet connectivity.

e Traditional manual switches are difficult for elderly and physically impaired

individuals to operate.
e Lack of a localized, highly responsive, and cost-effective voice-controlled alternative.

972
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 |

To address these issues, a reliable, cheaper, and user-friendly prototype is required to make
home automation accessible to a broader population.

3. PROPOSED SYSTEM

The proposed system is a smart home automation prototype designed to control household
appliances seamlessly using voice commands. The system establishes Safely isolates and
switches high voltage AC appliances. Captures voice commands and converts to text a
reliable wireless communication link using an HC-05. Bluetooth module. It utilizes an
Arduino microcontroller to process string commands received via Bluetooth and safely
actuates high-voltage home appliances using a low-voltage relay module. By leveraging
existing smartphone capabilities (Google’s Speech-to-Text engine via an Android app) rather
than building a standalone voice processing unit, spoken words are accurately converted into
text strings and transmitted locally without relying on continuous internet connectivity for the
hardware.

4. SYSTEM ARCHITECTURE

The system’s architecture is divided into two main sections:

A. Transmitting Section

This section consists of an Android Smartphone with an active internet connection for voice-
to-text processing. The user speaks into the voice recognition application, which captures the
audio, converts it into a text string, and transmits it over the Bluetooth paired connection.

B. Receiving and Executing Section

This section comprises the Arduino Microcontroller, the HC-05 Bluetooth module, and the
Relay Module. The HCO5 module acts as a bridge, receiving text commands serially and
passing them to the Arduino. The Arduino continuously listens to the serial port, parses the
string, and triggers the relay module. The relay acts as an electromechanical switch to isolate
and switch high-voltage AC appliances safely.

5. HARDWARE REQUIREMENTS

The major hardware components used in the system are listed in Table 1.

Table 1: HARDWARE COMPONENTS USED

Component Function/Purpose

Arduino Main microcontroller for
(Mega/Uno) processing commands

HC-05 Bluetooth | Short-range wireless serial

data transmission

6. SOFTWARE REQUIREMENTS
The software tools required for the implementation are:

. Arduino IDE (C/C++) for microcontroller programming.
. Android Voice Recognition Application.
. Google Speech-to-Text API for converting voice to string.

7. WORKING METHODOLOGY
The operation of the proposed system is explained as follows:
1. The system is powered on and modules are initialized.
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2. The user opens the voice control application on their smartphone and connects to the
HC-05 module.

3. The user presses the microphone icon and speaks a command (e.g.,” Turn on Fan”).
4. The Google Speech-to-Text engine processes this audio and converts it into a text string.
5. The text is sent wirelessly via Bluetooth to the HC-05 module.
6. The HC-05 feeds the data serially to the Arduino.
7. The Arduino parses the received string and checks against pre-programmed conditions,
triggering the relay.
8. ALGORITHM
. Step 1: Start the system and initialize Arduino and HCOS.
. Step 2: Pair the Android smartphone with the HC-05 module.
. Step 3: Listen for incoming serial data over Bluetooth.
. Step 4: Read the incoming text string.
. Step 5: If string ==" Turn on Light”, pull Relay Pin HIGH/LOW to activate load.
. Step 6: If string ==" Turn off Light”, pull Relay Pin LOW/HIGH to deactivate load.
. Step 7: Repeat the process continuously.

9. RESULTS AND DISCUSSION

The prototype of the smart home automation system was successfully assembled and tested.
The system relies on a continuous Bluetooth connection between the smartphone and the HC-
05 module. Upon receiving commands like” Turn on Fan” or” Turn off Light”, the Arduino
parsed the strings accurately. The relay module successfully isolated the low-voltage
microcontroller circuit from the 220V AC mains, turning the connected load ON or OFF
almost instantaneously. The system demonstrated high responsiveness and reliability without
requiring complex network setups or global internet dependency for local switching.

10. ADVANTAGES OF PROPOSED SYSTEM

The main advantages of the proposed system are:

. Highly cost-effective compared to commercial systems.

. Reliable local operation via Bluetooth.

. Easy to use, highly accessible for the elderly and physically impaired.
. Safe operation due to electromechanical isolation by relays.

. Instant boot times and low power consumption of the microcontroller.

11. APPLICATIONS
The proposed system can be applied in:

. Residential smart homes.

. Assistive technology for disabled or elderly individuals.

. Energy management by ensuring appliances are easily turned off.
. Localized appliance control in offices or small workspaces.

12. COMPARATIVE ANALYSIS

To evaluate the effectiveness and viability of the proposed system, a comparative analysis
was conducted against existing commercial smart home ecosystems (such as Amazon Alexa
integrations, Google Nest, and proprietary Zigbee/Z-Wave hubs).
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e Cost-Effectiveness: Commercial systems often require expensive proprietary smart
hubs, specialized smart switches, and recurring subscription fees. In contrast, this
prototype utilizes widely available, low-cost open-source hardware (Arduino and
HC-05), reducing the overall deployment and maintenance cost by a significant
margin. This makes it an ideal solution for developing economies.

e Latency and Connectivity: Cloud-based commercial systems inherently introduce
latency, as voice commands must be routed through remote servers before executing
an action. The proposed system processes the text strings locally via Bluetooth radio,
resulting in near-instantaneous execution. Furthermore, the hardware setup does not
rely on a continuous active Wi-Fi or broadband connection.

e Power Consumption: The utilization of an Arduino microcontroller ensures minimal
standby power consumption (often operating in the milliamp range) compared to
resource-heavy commercial smart hubs that run full operating systems.

13. REAL-WORLD CHALLENGES AND MITIGATIONS

While the prototype demonstrates high functionality in controlled environments, practical
real-world implementation presents certain edge cases that must be addressed for commercial
scalability:

e Signal Range Limitations: The HC-05 Bluetooth module operates on a Class 2
Bluetooth radio, providing a maximum line-of-sight range of approximately 10
meters. Physical obstacles such as concrete walls can attenuate this signal. Mitigation:
For larger residential deployments, creating a Bluetooth mesh network or upgrading
to Wi-Fi-based microcontrollers (such as ESP8266 or ESP32) can seamlessly extend
coverage.

e Ambient Noise Interference: The accuracy of the Google Speech-to-Text engine can
degrade significantly in highly noisy environments (e.g., loud music or crowds).
Mitigation: Integrating noise-cancellation algorithms on the software end or utilizing
highly directional microphones can improve command recognition fidelity

e Absence of Hardware Override: In scenarios where the user's smartphone is
unavailable, out of battery, or malfunctioning, the system cannot be operated via
voice. Mitigation: A hybrid fail-safe approach is recommended; wherein physical
tactile switches (push buttons) are wired in parallel to the relay module. This ensures
manual override capability without disrupting the microcontroller's logic.

14. CONCLUSION

The current market for smart home automation was analysed, revealing that commercial
systems are often prohibitively expensive and require complex hardware. Acost effective,
voice-controlled home automation prototype was successfully designed and developed using
an Arduino, HC05 Bluetooth module, and a 5V Relay module. The system successfully
established a reliable local wireless communication link, eliminating the need for complex
network configurations. By leveraging Google’s Speech recognition technology, the system
accurately translated voice commands into actionable serial data. The relay module safely
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and effectively switched high-voltage AC home appliances, proving the system’s viability for
real-world application.

15. FUTURE SCOPE

The proposed system can be enhanced further by:

* IoT Cloud Integration: Replacing the Bluetooth module with a Wi-Fi module (e.g.,
ESP8266 or ESP32) to connect to home routers, enabling global remote control over the
internet.

* Security Enhancements: Implementing password protection or voice biometrics
(recognizing only the owner’s voice) within the application to prevent unauthorized control
of the home appliances.
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