Journal of Embedded Systems & Its Applications
MANIECH Y bp

Publications Volume 10 Issue 1, January-June 2025

Voice Controlled Home Automation System

Saurabh Saxena', Dr. Rajul Misra’, Mohammad Kaif’, Abhinav Kaushik*
Assistant Professor’ , Professor&HeadZ, Scholar’
Department of Electrical Engineering
MIT Moradabad, U.P., India

Author’s Email id: saurabhsaxena912@gmail.com’, rajulmisra71@gmail.com?

kaifmohd9417@gmail.com’, abkaushik4@gmail.com?

Abstract
This paper presents a voice-activated home automation system designed to enhance electrical
safety and user convenience. The system allows users to control household electrical
appliances remotely using voice commands, reducing the risk of electrocution by eliminating
the need for direct contact with high-voltage components. Built using Arduino UNO, HC-05
Bluetooth module, and relay circuits, the setup provides a cost-effective alternative to
expensive smart devices. It ensures energy efficiency, is easy to install on existing appliances,
and can be operated within a 50-meter range. This approach contributes to safer living
environments, particularly in homes, hospitals, and institutions. With the increasing reliance
on electricity in modern life, the need for safer and smarter power management systems has
become more critical. Traditional methods of manually operating circuit breakers or switches
can pose serious risks, especially in emergency situations or environments where accessibility
is limited. Voice-controlled systems offer a practical solution by enabling hands-free
operation of electrical devices. This technology not only enhances safety but also improves
comfort and efficiency, making it particularly beneficial for individuals with physical

disabilities, elderly users, and places where quick response to electrical faults is essential.
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INTRODUCTION

Electrical accidents, especially electrocution, remain a significant concern in residential,

commercial, and institutional settings. Many of these incidents occur due to direct contact
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with live wires or faulty electrical systems. In today's world, where automation is rapidly
transforming how we interact with technology, there is a strong need for safer and more
efficient control of electrical appliances. This project introduces a voice-controlled home
automation system aimed at reducing the risks associated with manual operation of electrical

circuits.

By allowing users to manage power supply through voice commands via a mobile application,
the system not only enhances safety but also contributes to convenience and energy
conservation. This solution is built using affordable components and can be integrated with
existing appliances, making it accessible to a wide range of users. Voice-controlled
automation has gained traction in recent years, yet many commercial solutions remain
prohibitively expensive or require complete replacement of existing electrical fixtures. Studies
have demonstrated the feasibility of leveraging microcontrollers and wireless modules to
retrofit conventional appliances, but few implementations focus specifically on safety
enhancements related to electrocution prevention. This project bridges that gap by combining
low-cost hardware with a simple voice interface, enabling retrofit installation on standard
circuit breakers and switches. By prioritizing both affordability and ease of integration, the
system offers a practical pathway for widespread adoption in homes, medical facilities, and
educational institutions where. Safety and budget constraints often limit technological

upgrades.

LITERATURE REVIEW

Contemporary research on home automation highlights the promise of IoT frameworks for
remote device control (Patel & Jain, 2022) and demonstrates that embedded speech-
recognition engines can reliably interpret limited command sets on microcontrollers (Kumar
& Gupta, 2021). Meanwhile, studies of electrocution incidents have advocated for automated
cutoff mechanisms in high-risk environments (Giri et al., 2019), and recent prototypes
combine voice control with breaker-box integration (Smith & Rodriguez, 2023). However,
most solutions either demand new infrastructure or rely on costly custom hardware. Our work
addresses this gap by fusing off-the-shelf microcontrollers, standard relay modules, and a

lightweight voice interface to enable a low-cost, retrofit-friendly safety automation system.
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Despite these contributions, there remains a need for a retrofit-friendly, cost-effective system
that combines reliable voice commands with electrocution-prevention features. Existing
research either focuses on comprehensive IoT ecosystems, which demand new infrastructure,
or on proof-of-concept prototypes that are not economically scalable. This gap motivates our
approach: leveraging off-the- shelf microcontrollers (Arduino UNO), standard relay modules,
and a minimalist voice-recognition engine to deliver an affordable, easy-to-install safety

automation retrofit.

METHODOLOGY

The main objective of this paper is to design a system that combines hardware and software
components to control an electrical power supply using voice commands. By transforming a
conventional Miniature Circuit Breaker (MCB) into an automated one, users can switch the
main electrical supply ON or OFF through a voice command using a dedicated mobile
application. This system supports both local and remote access, allowing users to manage the
power supply from nearby or from a distance. The voice control functionality is implemented
through a Bluetooth module, making communication between the mobile device and the

control unit efficient and wireless.

The scope of this paper is to enable authorized personnel to control the electrical supply using
a voice-activated mobile application that operates a Miniature Circuit Breaker (MCB). This
allows the user to safely disconnect power before performing maintenance and restore it
afterward, all through voice commands. By automating the process, the traditional manual
system is upgraded to a fully voice-controlled setup. Access to the application is restricted to
designated officials within an organization, ensuring that unauthorized users cannot interfere

with the operation, thereby enhancing both safety and control.

The development of the voice-controlled home automation system proceeded in four main
phases: hardware assembly, software development, voice-command integration, and
validation testing.

The system was built around an Arduino Uno interfaced with an HC-05 Bluetooth module and
relayboards, all protected by an upstream miniature circuit breaker. Control logic—written in
Embedded C—parses simple text commands received over Bluetooth and toggles the relays

accordingly. An Android app captures voice input, converts it to predefined command strings,
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and sends them to the Arduino, and the complete setup was validated through functional,

safety (overload), and range tests to confirm reliable, hands-free operation.

Block Diagram of Voice Controlled Home Automation System
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Figure no:1

The Main Components Are:

Arduino UNO: Serves as the central processing unit, reading commands and driving the
relays.

HC-05 Bluetooth Module: Provides the wireless link between the mobile app and the
Arduino.

Relay Boards (1-channel and 4-channel): Electrically isolate and switch mains circuits on
or off under Arduino control.

Miniature Circuit Breaker (MCB): Acts as an upstream safety device, interrupting power
during overloads or faults.

9 V DC Power Supply: Powers the Arduino and associated electronics during standalone
operation.

Android Mobile App: Captures spoken commands via the device’s speech API, formats

them into concise text strings, and transmits them over Bluetooth.
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CASE STUDIES

Implementation of a Voice Controlled Home Automation System.

Residential Safety Enhancement

Background: An elderly individual living alone in a two-bedroom apartment experienced
difficulty reaching switches and often navigated in dimly lit conditions, increasing fall risk.
System Overview: The retrofit included an Arduino-based control box, HC-05 Bluetooth
interface, and relay modules installed upstream of existing light and fan circuits.
Implementation Highlights: Installation required minimal rewiring: relays were wired in
series with wall switches, and the control unit was mounted near the breaker panel. The
mobile app was configured with command phrases matching each fixture.

Automated Control: Voice commands such as —lights onl and —ceiling fan offl were
processed by the app and transmitted to the Arduino, which then toggled the corresponding
relay.

Outcomes: Over three months, the resident reported no incidents of tripping in low light, and

lighting energy use dropped by 18% due to more consistent shutoff of unused lights.

Patient Room Automation in a Clinic

Background: In a small outpatient facility, bedridden patients relied on nursing staff for basic
requests, delaying response times and increasing infection risk through shared touch points.
System Overview: Each patient room received its own control module, connecting bedside
lamps, a ceiling fan, and an emergency buzzer to an Arduino/relay assembly.

Implementation Highlights: The control modules were installed alongside existing fixtures;
the emergency buzzer relay was set to trigger an alert in the nurse’s station when activated by
voice.

Automated Control: Patients spoke commands like —turn on lampl or —call nurse,l with
the app converting speech to concise text keywords sent via Bluetooth to the relay board.

Outcomes: Average request-response time dropped from five minutes to under thirty seconds,

and nurses noted fewer hallway interruptions and reduced surface contact with switches.

CHALLENGES AND SOLUTIONS
Improved Local Voice Processing:

Challenge: Dependence on cloud servers increases latency and privacy risk.
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Solution: Deploying edge computing with onboard Al chips can allow offline voice

recognition, improving speed and privacy.

Robust User Authentication
Challenge: Unauthorized access from mimicked voices.

Solution: Incorporate biometric-based voice profiling and multi-factor authentication for

sensitive commands.

Adaptive Noise Filtering
Challenge: Background sounds distort recognition.

Solution: Use advanced machine learning algorithms to differentiate between command voice

and environmental noise.

Universal Protocol Development:
Challenge: Devices from various brands may not communicate effectively.
Solution: Encourage open standards and IoT interoperability protocols like Matter or Zigbee

3.0 to enable seamless integration.

FUTURE DIRECTIONS

Integration of Artificial Intelligence for Context Awareness: Future systems will not only
follow direct commands but also understand user behavior, preferences, and context. For
example, they could adjust lighting based on time of day or suggest actions based on past
routines.

Development of Fully Offline Voice Control: To reduce reliance on internet connectivity
and improve privacy, offline voice processing using embedded Al chips will become more

common, allowing users to control devices without sending data to the cloud.

Enhanced Personalization and Learning Capabilities: Systems will evolve to recognize
individual users and personalize responses. This could include adjusting thermostat settings

based on who is speaking or suggesting music preferences for different users.
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Greater Multilingual and Regional Language Support: Expanding language models to
include a wide range of regional dialects and languages will make home automation systems

accessible to a broader audience globally.

Seamless Interoperability across Devices: T4he future will see standardization in
device communication protocols, enabling users to control all their smart devices from

different brands through a single, unified voice interface.

CONCLUSION

Voice-controlled home automation systems are becoming an essential part of modern smart
homes, offering convenience, accessibility, and hands-free control over various household
appliances. As technology advances, these systems are being adopted not only for luxury but
also to assist the elderly and people with disabilities. Their ability to perform tasks like
turning on lights, adjusting temperature, or playing music using simple voice commands has

transformed the way people interact with their living spaces.

Despite their benefits, these systems face several challenges. Issues such as inaccurate voice
recognition, background noise interference, and limited language support can hinder
performance. Moreover, concerns around privacy, security, and dependency on internet
connectivity must be addressed to make these systems more reliable and secure. Tackling
these obstacles is crucial for ensuring a safe and user-friendly experience for all types of

users.

Efforts are already underway to enhance these systems through the use of artificial
intelligence, machine learning, and edge computing. These technologies can improve response
time, personalize interactions, and reduce reliance on cloud servers. Additionally, adopting
universal protocols will enable better communication between devices from different

manufacturers, ensuring a more cohesive smart home ecosystem.

Looking ahead, future developments are expected to make voice-controlled systems more
intuitive, energy-efficient, and inclusive. With the ability to support multiple languages, learn

user preferences, and operate offline, these systems will become smarter and more adaptive.
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Integrating wearable technology and mobile platforms will further extend their usability

beyond the home environment.

In conclusion, voice-controlled home automation is a rapidly evolving field with significant
potential to reshape domestic life. By addressing current limitations and exploring new
innovations, developers can create systems that are more secure, intelligent, and accessible to
all. With continued research and technological advancements, the vision of a truly smart,

voice-responsive home is becoming increasingly achievable.
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