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ABSTRACT

The project aims to develop a Smart Home Automation System leveraging 10T technology to enhance energy efficiency and facilitate convenient control of
household appliances. The motivation stems from the escalating global demand for energy consumption and the need for innovative solutions to optimize power
management. Our system addresses this challenge by focusing on two major key points: scheduling and real-time energy monitoring. The system offers an intuitive
scheduling feature, allowing users to program on/off cycles for various household appliances. This scheduling capability is designed to enhance convenience for
consumers, offering them the flexibility to automate daily tasks and adapt to their lifestyle. Through an easy-to-use web interface, users can set specific times for
turning lights on/off, regulating the cooling system, and managing other appliances. Integral to the project is the implementation of real-time energy monitoring
using ACS712 current sensors and ZMPT101 voltage sensors. These sensors provide accurate data on the electricity consumption of each appliance, enabling users
to monitor and analyze usage patterns. By incorporating this energy monitoring functionality, the system aims to raise awareness among users about their power
consumption, encouraging energy-saving practices. The use of ESP8266 microcontroller and 4-channel relay modules facilitates seamless communication between
the loT-enabled devices and the centralized system. The project emphasizes affordability, reliability, and long-term viability, ensuring that the system withstands
the tests of time. Through the integration of scheduling and energy monitoring, the Smart Home Automation System not only offers enhanced user convenience
but also contributes to energy conservation. The efficient use of resources aligns with the global trend towards sustainable living. The proposed system is a step
towards creating an intelligent and eco-friendly living environment, addressing both the rising demand for energy and the need for cost-effective solutions in the
modern world.
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1. Introduction

Internet of Things (loT) has brought about a transformative impact on how households and their appliances can be integrated into a cohesive digital
network, allowing for remote control, monitoring, and energy efficiency. The contemporary landscape of energy consumption demands innovative
solutions to optimize power usage and enhance user convenience. This project introduces a Smart Home Automation System powered by Internet of
Things (loT) technology, specifically designed to address the challenges of energy efficiency. In response to the escalating global demand for energy,
our system places a particular emphasis on two pivotal features: scheduling and real-time energy monitoring.

With the relentless increase in energy consumption, from small-scale devices to large hydro-electric projects, the need for an intelligent home automation
system has become paramount. Corporations and industries invest significant resources in energy conservation efforts, making it imperative to explore
cutting-edge technologies for cost-efficient solutions. The proposed system draws inspiration from this demand, aiming to equip homes with the ability
to operate seamlessly, minimizing both mechanical and electrical energy consumption.

The primary objectives of the Smart Home Automation System are twofold: to provide users with a convenient scheduling mechanism for automating
daily tasks and to implement real-time energy monitoring to foster awareness and encourage energy-saving practices. The project envisions a user-friendly
web interface through which individuals can effortlessly schedule the operation of household appliances, such as lights, cooling systems, and other
devices. Simultaneously, the integration of ACS712 current sensors and ZMPT101 voltage sensors enables users to monitor electricity consumption in
real-time, promoting informed decisions for energy-efficient living.

The project utilizes the ESP8266 microcontroller as the central processing unit, establishing communication with a 4-channel relay module to control
various appliances. The scheduling functionality is facilitated through a web-based server, allowing users to input commands through a user-friendly
interface. These commands are transmitted to the microcontroller via LAN-based communication. Energy monitoring is achieved through the
implementation of ACS712 current sensors and ZMPT101 voltage sensors, providing precise data on electricity consumption. The resulting system is
cost-effective, reliable, and designed for long-term viability.
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The significance of this project lies in its potential to revolutionize home automation, contributing to global sustainability goals. By empowering users
with the ability to schedule tasks and monitor energy usage in real-time, the system not only enhances convenience but also promotes responsible energy
practices. The integration of 10T technology ensures that the system adapts to the evolving landscape of smart living, aligning with the contemporary
need for eco-friendly solutions. Through this project, we aim to create an intelligent, energy-efficient living environment that addresses the challenges
posed by the ever-increasing demand for energy.

2. Literature Survey

A. Motivation:

The escalating global demand for energy consumption has driven a surge in power utilization, ranging from small-scale applications like pencil cells to
extensive projects such as hydro-electric installations [1]. As technology advances, there is a growing need for efficient power management solutions to
address the heightened energy consumption. Home automation emerges as a key strategy, aiming to enhance energy efficiency in residential spaces by
seamlessly integrating technology into everyday tasks, reducing human effort, and contributing to cost-effective energy consumption [2].

B. Design Goals:

The primary objective of a home automation system is to provide enhanced convenience for consumers, allowing for energy savings and ease of use [3].
Various solutions for home automation are available, differing in terms of reliability, affordability, and their ability to withstand long-term use. The user
interacts with the system through commands, such as turning lights on/off, controlling the cooling system, and managing the main gate [2].

C. Problem Statement:

This research focuses on the development of a home automation system using Internet of Things (loT) principles. The objective is to automate
fundamental home functionalities, including the control of lights, cooling systems, refrigerators, and other appliances, leveraging the capabilities of loT

[2].
D. IoT for Power Consumption Efficiency:

The evolution of Human-Machine Interaction (HMI) into the realm of the Internet of Things (loT) has significant implications for various applications,
including smart homes. However, the increasing demand for electricity presents challenges, with the ICT sector alone consuming a substantial portion of
the world's electricity. In India, where energy resources are limited, there is a critical need to address power consumption issues. This research proposes
a smart, energy-efficient home automation system using loT to reduce electricity bills while ensuring safety and security [4].

3. Proposed Methodology

A. Requirements Analysis:

Identify and categorize the appliances for control, such as fans and lights. Define user needs for scheduling and remote control. Choose communication
protocols for 10T devices, considering options like MQTT.

B. Hardware Selection:

Select the ESP8266 microcontroller for its Wi-Fi capabilities and compatibility with Arduino. Choose a 4-channel relay module for controlling appliances.
Opt for ACS712 current sensor and ZMPT101 voltage sensor for energy monitoring.

C. Circuit Design:

Create a detailed circuit diagram incorporating ESP8266, relay module, ACS712, ZMPT101, and safety features. Ensure the circuit design includes
adequate safety measures like fuses, isolation, and surge protection.

D. Programming:

Utilize the Arduino IDE for programming the ESP8266. Develop code for relay control based on user inputs. Implement code for reading data from
ACS712 and ZMPT101 sensors. Handle user commands for scheduling and manual control. Establish communication with the loT-based server.

E. loT-Based Server Setup:

Set up an MQTT broker or similar loT-based server to manage communication. Configure the server to handle incoming commands and relay them to
the ESP8266.

F. Web Interface Development:

We will create a use friendly web application using HTML, CSS, and JavaScript. Design intuitive controls for appliance management, scheduling options,
and real-time monitoring features.
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G. WebSocket Integration:

Implement WebSocket communication between the web interface and the ESP8266. Enable real-time updates on the web interface for appliance status
and energy consumption.

H. Scheduling Logic:

Develop logic to handle user-set schedules for turning appliances on and off. Account for time zones, daylight saving time adjustments, and recurring
schedules.

I. Security Implementation:

Implement secure communication protocols (e.g., HTTPS) between the web interface and 10T device. Include user authentication mechanisms, such as
passwords, to restrict unauthorized access.

J. Testing:

Conduct rigorous testing of individual components, communication channels, and the web interface. Simulate various scenarios, including scheduled
events and real-time monitoring. Verify that user commands are executed correctly.

K. Documentation:
Document the final circuit diagram, codebase, and server configurations. Create a comprehensive user manual detailing the system's operation.
L. Deployment:

Deploy the system in a real-world environment, such as a home setting. Monitor the system's performance over an extended period to ensure reliability

4. Conclusion & Future Scope

In conclusion, the loT-based home automation project utilizing the ESP8266 microcontroller for appliance control and energy monitoring demonstrates
an efficient and user-friendly solution for optimizing energy consumption in residential settings. The integration of scheduling features and real-time
monitoring through a web interface enhances convenience and promotes energy-efficient practices The project lays the foundation for future
enhancements, including the incorporation of machine learning algorithms for predictive scheduling, integration with smart grids for more efficient energy
utilization, and the exploration of additional sensors for advanced home automation functionalities. Furthermore, potential integration with voice
assistants and the expansion of compatibility with a broader range of appliances could further enhance the project's usability and impact in smart home
environments. The simulation results showed that the proposed algorithm performs better with the total transmission energy metric than the maximum
number of hops metric
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