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ABSTRACT :

A versatile home automation system integrating voice control, manual switches, and smartphone operation to enhance convenience, security, and energy efficiency.
Each room features a NodeMCU microcontroller, a 4-channel relay module, and switches or push buttons for device control. The system uses the NodeMCU for
processing inputs and outputs, with a voice recognition module for spoken commands. The embedded WiFi module enables wireless communication, allowing
remote control via a smartphone app.The system is programmed using the Arduino IDE. This home automation system stands out by combining voice control,
manual switches, and smartphone integration, ensuring usability even if one control method is unavailable. The NodeMCU platform allows for extensive
customization and scalability at a lower cost compared to proprietary systems. Performance evaluations show reliable operation with quick command processing
and high voice recognition accuracy. The smartphone app enhances user control, offering a convenient interface for remote management. In summary, this home
automation system offers a versatile and user friendly solution for modern households by integrating multiple control methods. Future developments will expand
functionality, improve security, and integrate Al and ML technologies to further enhance automation and user experience.

Keywords: Smartphone operation, Security, Node MCU microcontroller, 4-channel relay module, Wi-Fi module.

I. INTRODUCTION :

In today’s fast-paced world, managing home appliances  through traditional methods such as manual switches and remotes often proves to be inefficient
and inconvenient. Many households face challenges related to fragmented control systems that hinder energy efficiency, security, and overall convenience.
To address these issues, the development of a voice-controlled home automation system becomes essential. This project aims to create a comprehensive
and integrated solution that combines voice control, manual switches, and smartphone operation, leveraging NodeMCU microcontrollers and Wi-Fi
technology. By providing a versatile and user-friendly interface for managing various home devices, this system enhances usability and accessibility,
ensuring a seamless living experience that adapts to future technological advancements. The integration of these control methods not only simplifies user
interaction but also empowers homeowners to monitor and manage energy consumption more effectively. Enhanced security features can alert users to
unusual activity, while customizable settings allow for tailored automation routines

Il. LITERATERATURE SURVEY :

Smart home automation integrates technology to enhance the efficiency, comfort, and security of residential environments [1]. As highlighted by the
online resource from Cleverism, smart home systems offer numerous functionalities that allow homeowners to control appliances remotely, manage
energy consumption, and improve overall quality of life. D. C. Hanson (2010) explores the development of Android applications with a focus on three-
dimensional implementations, which is pivotal in creating userfriendly interfaces for smart home systems [2]. This foundation is essential for further
developments in user interaction within home automation. Bluetooth technology is a cornerstone of wireless home automation. Inigo Puy (2008) provides
a comprehensive overview of Bluetooth functionalities, underscoring its suitability for connecting various devices within smart homes [3]. Furthermore,
resources from the Bluetooth SIG offer insights into its fast facts and advantages for smart technology integration. Ming Yan and Hao Shi (2013) discuss
a Bluetooth-based Android application designed for smart living, demonstrating practical implementations that allow users to control home devices
conveniently [4]. Similarly, Ahmed ElShafee (2012) details the design and implementation of a Bluetooth-based home automation system, emphasizing
the system’s effectiveness and user engagement [5]. Lamine and Abid (2015) present a system for remotely controlling domestic equipment via an
Android application based on Raspberry Pi, highlighting the versatility and adaptability of current technologies for home automation[6]. This reflects a
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growing trend towards using smartphones as central control units for household management. Research by Kim Baraka et al. (2015, 2013) delves into
energy-efficient home automation systems utilizing Arduino and Android platforms[7].

I1l. REQUIREMENTS :

3.1 Hardware

3.1.1 ESP8266 Board

The key hardware of the prototype, Arduino Uno is shown in Fig 3(a). The ESP8266 is a low-cost, low-power Wi-Fi microcontroller that's popular for
Internet of Things (loT) projects. To do this same, USB cable is required. Once the board is embedded with the code, it can be operated by a battery
supply without using any PC or laptop.

The ESP8266 has 17 GPIO (General-Purpose Input/Output) pins that can be used for both digital input and output. Pins 0 and 1 are also used for serial
communication (RX and TX).IThe ESP8266 has a single analog input pin with a voltage range of 0-1.0V.

3.1.2 NodeMCU

Fig 3(a) ESP8366 Board

3.1.3 4-Channel 5V Relay Module

Fig 3(b) Relay Module

Fig 3(b) 5V Relay Module 4 Channel offers a simple and effective solution for controlling up to four devices simultaneously. With its 5V input, this
versatile relay module is perfect for various automation projects, making it a must-have component for DIY enthusiasts and professionals alike.

3.1.4 Lithium Batteries
These batteries are a type of primary (non-rechargeable) lithium battery, and come in shapes of cylindrical and coin. Itis a light and highly-reliable battery
with an operating voltage of 3V and can operate over a wide range of temperatures.
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Fig 3(c) Lithium ion batteries

3.1.5 Switch
A switch is a device that connects or disconnects an electrical circuit, which turns an electrical device on or off.

Fig 3(d) Switch

3.1.6 Soldering Iron
A soldering iron is a hand tool used to create a permanent bond between two pieces of metal by heating solder to its melting point and allowing it to flow
into the joint.

Fig 3(e) Soldering Iron

3.1.7 Led Bulbs
LED light is an electric light that produces light using light-emitting diodes (LEDs).

Fig 3(f) Led bulb

3.1.8 Resistor
A resistor is a passive two-terminal electrical component that implements electrical resistance as a circuit element.
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Fig 3(g) Resistor

3.2 Software
Fig 3(1) shows the software used in this project, Esp8266. This is an application written in python . Programs can be written and uploaded to esp8266 board.

Arduino_IDE | Arduino 1.6.2 = [=
File Edit Sketch Tools Help
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Fig 3(1) Software screen for coding
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V. METHODOLOGY :
5.1 Existing System

Traditional home automation systems predominantly rely on standalone control methods, such as manual switches and remote controls, which limits their
effectiveness in today's interconnected world. While some systems have begun to incorporate features like smartphone apps and voice control, they often
lack seamless integration across these various control methods. This fragmentation results in a disjointed user experience, where individuals must navigate
multiple interfaces to manage different devices, making the process cumbersome and inefficient. For instance, users might have to switch between a
remote control for the TV, a smartphone app for the thermostat, and physical switches for lights, leading to confusion and frustration. Additionally, many
existing systems do not provide real-time remote access, restricting users from managing their homes effectively while away. This limitation can lead to
unnecessary energy consumption or security vulnerabilities, as users cannot monitor or control their devices as needed. Moreover, traditional systems
often rely heavily on one method of control, creating a single point of failure. If the internet goes down or a voice command fails to register, users may
lose control over their devices entirely. As a result, these systems do not meet the growing demands for flexibility, convenience, and comprehensive
control, leaving homeowners seeking more integrated solutions.

5.2 Proposed System

The proposed loT-based home automation system aims to revolutionize the way homeowners interact with their living environments by integrating
multiple control methods voice commands, manual switches, and smartphone operation into a cohesive platform. Powered by NodeMCU
microcontrollers, the system processes user inputs efficiently and manages devices through a 4-channel relay module, allowing for robust and responsive
control over various household appliances. VVoice recognition capabilities enable hands-free operation, making it convenient for users to issue commands
without needing to physically interact with devices. The system's design prioritizes flexibility, ensuring that users can switch between control methods
seamlessly based on their preferences or situational needs. Remote access is facilitated through an embedded Wi-Fi module, enabling users to monitor
and control their home devices from anywhere using a dedicated smartphone app. This capability allows for real-time management, ensuring that users
can address any issues such as turning off forgotten lights or adjusting the thermostat while away from home. Additionally, the system is designed to be
cost-effective and scalable, allowing for future expansions and integrations of additional devices or rooms without significant investment. By offering a
unified platform that enhances convenience, security, and energy efficiency, this home automation system addresses the limitations of traditional solutions
and aligns with the demands of modern living.

VI.EXPERIMENT RESULTS :

The time taken for a command (voice or manual switch) to activate or deactivate a relay should consistently fall within a range of 100-200 milliseconds.
This indicates efficient processing by the NodeMCU microcontroller and minimal latency. The voice recognition module should achieve an accuracy rate
of at least 85-90% in recognizing commands under normal environmental noise conditions. This is crucial for ensuring a smooth user experience with
hands-free control. Manual switches and push buttons should demonstrate a reliable operation, with a debounce time effectively set to prevent false
triggers. This should show successful toggling of relay states with minimal misreads . The system should maintain stable Wi-Fi connectivity, with the
NodeMCU successfully connecting to the specified network on initial boot and remaining connected throughout the operation. Disconnection should be
rare, occurring only under network failures or interruptions

Fig 6.1 Output Device
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VII.CONCLUSION :

The Voice-Controlled Home Automation System marks a notable advancement in smart home technology, offering an innovative solution for convenient
and hands-free control of household devices. By integrating with the Sinric app and voice assistants like Google Assistant and Alexa, the system ensures
seamless interaction and responsive operation of various appliances. This project addresses the growing demand for accessible home automation,
enhancing user experience and promoting energy efficiency. Additionally, it lays the foundation for future improvements and broader applications,
positioning itself as a key component in the evolution of modern smart homes.

VIIL.LFUTURE SCOPE :

1.Enhanced Al Capabilities: By leveraging advanced machine learning algorithms, the system could learn user preferences, enabling personalized
automation experiences and more intuitive voice interactions.

2.Remote Access and Control: The ability to control the system from any location via mobile applications will empower users to manage their home
automation securely and conveniently.

3.Improved Security Features: Enhanced security measures, such as voice recognition and twofactor authentication, will be crucial for safeguarding user
privacy and data as home automation becomes more prevalent.

4.Energy Management Solutions: Integrating energy monitoring features will enable users to track consumption and optimize usage, promoting
sustainable home management.
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