© May 2025| JIRT | Volume 11 Issue 12 | ISSN: 2349-6002

Smart Home Automation by Voice Controlled System
using Internet of Things

Bathula Nithya!, Gajji Mahalaxmi?, Ouragani Saikiran®, Y. Sujana*
L234Department of CSE (Data Science), Institute of Aeronautical Engineering Institute of Aeronautical
Engineering Institute of Aeronautical Engineering

Abstract—\Voice-controlled home automation, powered
by the Internet of Things (1oT), represents a significant
advancement in modern living, offering enhanced
convenience, efficiency, and security. This paper
presents the development and implementation of a voice-
controlled home automation system using Bluetooth and
Arduino-based microcontrollers. The system focuses on
low-cost, offline voice command-based control of
electrical appliances, addressing the limitations of
traditional  sensor-heavy  and cloud-dependent
automation  systems. The study explores the
architecture of these systems, including the interaction
between smart speakers, central hubs, and loT-enabled
devices like lights, thermostats, security systems, and
entertainment units. It addresses the technical
challenges involved, such as ensuring interoperability
among diverse devices, maintaining user privacy, and
securing data transmissions. Additionally, the paper
examines the practical benefits of voice controlled home
automation, from energy efficiency and enhanced
security to improved accessibility for individuals with
disabilities. By providing a comprehensive analysis of
voice controlled home automation using 10T, this paper
aims to shed light on the transformative potential of this
technology in creating smarter, more responsive living
environments. The findings underscore the importance
of robust design and secure implementation to fully
realize the benefits of this innovative approach to home
automation.

Index Terms—Voice-controlled system, Home
Automation, Voice-commands, 10T, Arduino, Bluetooth

I. INTRODUCTION

Smart home automation, an evolving frontier of IoT,
transforms traditional living spaces into intelligent
environments by integrating  microcontrollers,
sensors, and mobile applications. Existing systems
often require costly sensors and consistent internet
connectivity, limiting accessibility. This project
proposes a simplified and cost-effective offline voice-

controlled system, enhancing convenience, especially
for users in internet constrained environments. It
represents a step toward inclusive technology, where
intelligent solutions are made accessible and
intelligible to a larger audience rather than being
restricted to those with sophisticated equipment.
Because of its potential to increase daily comfort,
efficiency, and security, the idea of smart home
automation has drawn a lot of interest in recent years.
With improvements in the Internet of Things (loT),
it has become possible to manage and monitor
household appliances remotely via mobile devices,
voice commands, or sensor-based automation.
Traditional smart home systems frequently
incorporate the integration of several environmental
sensors and cloud based platforms to produce
intelligent, automatic reactions depending on real-
time conditions. However, small-scale applications
and consumers with limited funds may find these
systems less accessible due to their complexity,
expense, and need on reliable internet connectivity.
The technology provides a locally managed and
private solution by doing away with the necessity
for internet access. It offers a dependable and
effective way to manually operate appliances using
voice input, even if it lacks automation based on
environmental data. This project serves as an
affordable, approachable, and instructive example for
students and enthusiasts in addition to showcasing a
practical approach to home automation.

Learning about microcontroller  programming,
embedded systems, and fundamental 10T integration
is encouraged. It also offers a basis for future
development, such adding sensors or allowing Wi-Fi
remote control, which makes it scalable and flexible
enough to accommodate increasingly complex use
cases. By providing a voice-controlled, offline, and
userfriendly substitute that prioritizes affordability,
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simplicity, and dependability, the suggested system
essentially seeks to close the gap between expensive
smart home technology and fundamental automation
requirements.

It represents a step toward inclusive technology,
where intelligent solutions are made accessible and
intelligible to a larger audience rather than being
restricted to those with sophisticated equipment.
Because of its potential to increase daily comfort,
efficiency, and security, the idea of smart home
automation has drawn a lot of interest in recent years.
With improvements in the Internet of Things (loT), it
has become possible to manage and monitor
household appliances remotely via mobile devices,
voice commands, or sensorbased automation.
Traditional smart home systems frequently
incorporate the integration of several environmental
sensors and cloud-based platforms to produce
intelligent, automatic reactions depending on real-
time conditions. However, smallscale applications
and consumers with limited funds may find these
systems less accessible due to their complexity,
expense, and need on reliable internet connectivity.

Il. EXISTING SYSTEM

Traditional smart home systems rely on multiple
environmental sensors and cloud platforms for
automation, offering real-time monitoring and
control. However, these systems face challenges such
as high complexity, increased costs, dependency on
reliable internet connectivity, and potential data
security vulnerabilities. Maintenance and
troubleshooting also become increasingly complicated
with growing system complexity. In many setups,
mobile applications are used in conjunction with voice
control to provide remote access and customization
options, letting users monitor and control their
devices from anywhere. This existing setup has
become increasingly popular and standardized,
enabling greater accessibility, customization, and
efficiency in smart home management. However,
the system still faces challenges, such as
compatibility issues among devices from different
manufacturers, potential security vulnerabilities, and
the need for reliable internet connectivity. Data
security is a significant focus within these systems,
as they often involve personal and sensitive data.
Encryption protocols, authentication, and secure

networks (likeWPA3 for WiFi) are used to protect the
data being transmitted between devices. Still, these
systems remain vulnerable to certain risks, such as
data breaches, unauthorized access, and potential
hacking attempts, making cyber security a key area of
development in 1oT.A more sophisticated and
automated setup is usually required for the smart
home automation systems that are now in use. To
enable context-aware automation, these systems
combine variety of sensors, , including motion (like
PIR), gas (like MQ2), temperature (like DHT11), and
light (like LDR). For example, the system may
automatically activate lights when motion is detected
or turn on a fan when the temperature reaches a
predetermined level. These systems typically have
internet access and make use of lIoT platforms such
as Firebase, Thing Speak, or Blynk, which allow for
remote control and monitoring via web interfaces or
mobile apps. Realtime data collecting, high
automation,  security  features  (like intruder
detection), and energy efficiency are all made possible
by the usage of sensors. These systems are perfect for
smart homes since they provide increased safety and
convenience, especially for older or disabled people.
However, because of the additional sensors and
cloud services, they are typically more expensive,
more difficult to set up, and require constant internet
connectivity to function properly.

I1l. PROPOSED SYSTEM

The proposed system employs Arduino Uno and
NodeMCU (ESP8266) microcontrollers, coupled with
Bluetooth connectivity to a smartphone application.
Voice commands are captured and processed locally
without internet dependency. Relays control
household appliances based on decoded voice
instructions. The system ensures user data privacy,
offline operability, and simplicity, while significantly
reducing cost and complexity compared to traditional
cloud-dependent solutions. This project integrates
both Node MCU and Arduino microcontrollers to
form a comprehensive smart home security and
automation system. With the system implemented in
C programming language, the code manages device
control and communication efficiently. The inclusion
of voice command functionality enhances user
interaction, allowing for seamless communication
with smart devices in the home. The hardware setup
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for this project includes components such as Node
MCU, Arduino microcontrollers, various sensors,
and actuators On the software side, the project
leverages C programming and a mobile application,
providing a user friendly interface for remote control
and monitoring of the smart home setup. This
integration of hardware and software creates a flexible
and scalable solution for modern smart home needs.
Fundamentally, the system connects a user’s
smartphone to the automation gear via a Bluetooth
module  (HC-05) and an  Arduino  Uno
microcontroller. The user engages with a smartphone
application that records voice commands and
transmits them to the Arduino using Bluetooth.
Through linked relay modules, which function as
digital switches, the Arduino decodes these
commands and turns appliances on or off. This makes
it possible to operate lights, fans, and other household
appliances precisely and instantly.

The deliberate removal of physical sensors, which are
frequently employed in conventional systems for
automation based on environmental data like motion,
temperature, or light intensity, is one of the important
choices made in the suggested system. This system is
less vulnerable to outside errors, hardware
malfunctions, or unforeseen triggers because it only
uses the user’s voice input. Additionally, this lowers
development costs, improves system reliability, and
streamlines the design overall.

IV. LITERATURE SURVEY

Several projects have explored voice-controlled
automation using platforms like Google Assistant,
Raspberry Pi, and Firebase. Notably, Vijayalakshmi et
al. utilized IFTTT integration with Google Assistant,
while Patil et al. implemented Bluetooth-based control
via Android smartphones. Studies emphasize the
importance of balancing system complexity, cost, and
functionality. An loT-based system with multilingual
voice command capability was developed by Suresh
et al. (2020), improving usability for users with a
variety of linguistic backgrounds [6]. In order to
improve the security and privacy of 10T networks in
smart homes, Alrawais et al. (2017) suggested a
decentralized  security  architecture utilizing
blockchain technology. Transactions between devices
were intended to be safe, transparent, and
impenetrable by the framework [7].Real-time

connectivity and minimal latency in voice
recognition systems were highlighted by Bhardwaj
et al. (2020), who used the ESP8266 module to create
a voice controlled smart home [8].A literature review
by Khan and Alshamrani (2021) examined security
threats in voice activated home automation systems
and proposed encryption techniques to protect user
input and information [9].

In order to improve real-time cloud synchronization,
Yadav et al. (2017) suggested a method that used the
Firebase database and Google Speech API to remotely
operate appliances using voice commands [10].

With an emphasis on user comfort and energy
efficiency, AlAli et al. (2015) created a full 10T-based
smart home system with integrated voice and mobile
control [11].

Using Bluetooth modules and Android apps, Thakur
and Kadu (2018) created a voice-assisted home
automation prototype that prioritized offline
functionality and inexpensive hardware [12].

In their investigation of Al integration in home
automation, Singh and Kapoor (2022) came to the
conclusion that intelligent assistants greatly enhanced
the system’s capacity to react to patterns of user
behavior [13].

Mishra et al. (2021) demonstrated the value of offline
voice automation by creating a voice activated,
lightweight smart home control system aimed at rural
areas with poor internet access [14].

V. SYSTEM DESIGN

The architecture comprises three layers: perception
(sensors and actuators), network (Bluetooth
communication), and application (mobile interface).
Arduino Uno handles command processing and relay
control, while NodeMCU offers future scalability for
internet-based functionalities. The Bluetooth module
HC-05 ensures local wireless communication between
the mobile app and the microcontroller. The
perception layer comprises loT devices such as
sensors (for temperature, motion, and light) and
actuators (like smart bulbs, thermostats, and smart
locks). These devices gather realtime data about the
environment or respond to commands by adjusting
settings, such as changing light intensity or locking
doors. The network layer handles communication
between devices and connects them to cloud servers,
enabling remote access and control. This layer

IJIRT 177214 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 934



© May 2025| JIRT | Volume 11 Issue 12 | ISSN: 2349-6002

typically uses Wi-Fi or Bluetooth to link devices
locally, while protocols like MQTT or HTTP facilitate
data transmission. A centralized IoT gateway, often a
microcontroller like ESP8266 or a mini-computer like
Raspberry Pi, manages communication, acting as a
bridge between the device layer and cloud
infrastructure. The gateway ensures low-latency
communication and can handle tasks like filtering data
before sending it to the cloud.

VI. METHODOLOGY

The development follows a systematic approach:
requirements gathering, hardware configuration,
Arduino programming using C/C++, mobile
application integration for voice commands, extensive
unit and integration testing, and final deployment.
Voice commands trigger specific relay operations,
enabling users to control appliances effortlessly.
Gathering needs from the viewpoint of the user and
comprehending the technical viability were the main
goals of the first stage. To
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Fig. 1. System Architecture of the 10T Setup
investigate the current voice-activated home
automation systems, their shortcomings, and potential
enhancements, market research was carried out. A
precise set of functional and nonfunctional needs was
established in light of this investigation.
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Fig. 2. System Architecture of the 10T Setup

VII. RESULTS

Testing confirmed the system’s effectiveness in
recognizing voice commands and reliably switching
appliances. Bluetooth connectivity was stable within a
10-meter indoor range. Users appreciated the
simplicity and responsiveness of the system,
validating its practical applicability for smart home
environments without the need for internet access.
The system’s resilience in managing several voice
instructions in rapid succession was another
noteworthy outcome of the testing. The system
continued to function without lagging, crashes, or
command confusion while many appliances were
operated back-to-back in a brief period of time.

VIIl. CONCLUSION

The project demonstrates that effective smart home
automation can be achieved using low-cost, readily
available hardware

OZQQ

Fig. 3. System Architecture of the 0T Setup
components, operating entirely offline. The system
enhances daily convenience, particularly for elderly or
disabled users, and serves as an educational platform
for learning 10T fundamentals. Future enhancements
may include Wi-Fi integration for remote control and
additional device support. Important considerations
including cost-effectiveness, safety, dependability,
and user-friendliness were continuously maintained
throughout the system’s development. This study
demonstrated that smart home automation could be
accomplished with minimal hardware without
sacrificing performance, in contrast to many other
methods that now demand significant expenditures
and intricate sensor networks. In addition to making
the technical complexity easier for consumers to
understand, the project produced a scalable system
that will enable future additions of new devices and
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features. The system’s practical strength was
demonstrated throughout the successful deployment
and testing phase. Within typical home ranges,
Bluetooth communication was dependable, and the
voice commands were carried out with remarkable
accuracy. Furthermore, the system maintained its
stability even under stressful conditions, such as
prolonged use or rapid sequence of commands. The
user-centered design philosophy that underpinned the
entire project was reinforced by the users’
appreciation of the voiceactivated control’s comfort,
ease of setup, and straightforward use.

Even small issues like sporadic Bluetooth
disconnections or background noise when speaking
were methodically resolved, guaranteeing seamless
and continuous operation in daily use
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