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ABSTRACT

This paper describes a complete smart home automation system developed and deployed as a B.Tech end year project. To enable easy control of home appliances
like lights, fans, doors, and curtains, the system incorporates Internet of Things devices, a Python FastAPI backend, and a cross-platform Flutter mobile app. The
backend provides data communication between the mobile application and 10T devices, such as sensors and actuators interfaced with ESP32 modules. Automated
actions and sensor-driven events are some of the aspects enhancing user convenience and energy efficiency. After thorough testing in a test environment, the system
showed very good responsiveness, uptime, and user-friendliness. A useful, flexible, and scalable framework for future home automation development is provided
by this book.
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1. INTRODUCTION

The increasing demand for home intelligence solutions highlights the importance of efficient, user-friendly, and useful solutions. Traditional home
automation systems are typically expensive and do not support cloud services or smartphones. By offering an economical solution that involves the
combination of 10T hardware, a secure server, and a user-friendly smartphone app, this project aims to fill these gaps. The system provides integrated
decision-making with inbuilt capability along with real-time control and observation of domestic appliances.

This project is motivated by the vision of enhancing the quality of life for individuals through the utilization of technology to design homes that are not
just safer and more comfortable but also consume less energy. This system attempts to meet different users depending on their needs by closing the gap
between the functionality and cost as houses become more integrated.

2. LITERATURE SURVEY

This merging of cloud and 10T has ushered in radical advancements in home automation. Previous studies outline challenges toward achieving scalability,
robust security, and easy connectivity. While expensive and proprietary platforms like Amazon Alexa and Google Home create the benchmark for
performance, they are inaccessible to most due to expense and usability. Additionally, an ongoing issue with cloud-based technologies has been protecting
data.

Past research has taken into account energy-efficient automation and proved such technology's ability to reduce the consumption of electricity. However,
such systems generally come with non-intuitive interfaces or poorly combine automation with smartphones. By preventing these problems, the present
work creates an integral solution focusing on user access, data protection, and functional flexibility.

3. TAXONOMY OF TECHNIQUES
3.1 System Architecture

The system architecture of the new system is scalable and modular with four primary components:
e  |0oT Devices: ESP modules and relays are sensors and actuators that enable hardware-level interactions.
e  Backend: A Fastapi server that takes care of data handling, request processing, and automation rule execution.

e  Cloud Storage: MongoDB data synchronization that provides a secure and easily accessible form of storage.
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e  Mobile Application: An application built in Flutter that serves as the central interface for user input and device control.

The design offers clean communication among parts with the flexibility to upgrade or alter.
3.2 10T Design

loT subsystem comprises:

e  Sensors: They track environmental parameters like light, temperature, and motion.

e  Relays: To turn devices on/off.

e  ESP Modules: These act as bridges, passing data from sensors, actuators, to the server.
Low-cost, low-power design offers affordability with high performance. Each product is selected for maximum reliability and performance in a domestic
environment.

3.3 Backend Implementation

Backend is the psychological part of the system, responsible for:
e  Real-time processing of data to perform automation logic.
e APl endpoints for hassle-free communication between the application and the loT devices.
e  Cloud integration to securely store and retrieve users' data.

Node.js was employed due to its event-driven and scalable feature to carry out real-time operations, which are extremely critical in home automation.
3.4 Mobile Application

The mobile app, which was built using Flutter, provides:

e A connected device status display on a dashboard.

e  Capabilities to control devices like switches, fans, lights, and curtains.

e  Notification support for critical events like security alerts or system crashes.
Flutter's cross-platform capabilities make the app usable on both Android and iOS seamlessly, reducing development overhead and increasing
accessibility.

3.5 Automation Logic

Automation rules are triggered by pre-programmed triggers and user-programmed schedules. A few examples include:
e  Environmental triggers: Turning on lights when surrounding light drops below a certain threshold.
e  Scheduled actions: Automatically closing drapes at a pre-specified time each day.

These simple yet powerful algorithms add to user convenience without compromising energy efficiency.

4, IMPLEMENTATION
The modularity of the system allows for the addition of other devices simply, thus making it simple for the user to easily increase their configuration
without a major reconfiguration.

e  Mounting sensors and actuators to interface with ESP modules.

e  Developing a backend that receives requests and executes the rules on its own.

e Integration of Firebase to provide cloud storage and real-time synchronization.

e  To develop an easy-to-use user-level mobile application that functions as the system's control center.

e  Designing an easy-to-use user-level mobile app that can be the system's control center.
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Figure.1 Home Automation System Block Diagram

5. EVALUATION METRICS

To measure the performance of the system, the following evaluation criteria were employed:
e  Latency: Delay in device response to user input, always less than 100ms throughout testing.
e  Reliability: Smooth functionality over long periods of time, 99% uptime.
e  User Satisfaction: Test user comments were centered around ease of use and reliability of system operation.
e  Energy Efficiency: Quantifiable power savings in consumption, especially for automated lighting and appliance control.

e  Scalability: The system facilitated additional devices being added without compromising performance.

6. RESULTS AND DISCUSSIONS

The system was tested on controlled environments with the following results:
e  Performance: The system experienced good responsiveness and close-to-zero errors.
e  User Experience: Users felt at ease using easy-to-use interfaces and ease of automating.
e  Energy Savings: Automation features saved up to 15% electricity in controlled tests.
Challenges:
e  Constant internet connection dependency caused some problems while testing.

e  Limited level of automation sophistication, where present reasoning is based heavily on rules.

Discussion: The results confirm the system as useful and usable. High-end automation can be addressed by future solutions with predictive analytics and

Al

7. FUTURE SCOPE

Future directions of the project are:
e Al Integration: Application of machine learning for anticipating user activity and acting more intelligently.
e  Enhanced Security: The use of sophisticated encryption methods for safe storage of user data and protection from misuse.
e  Renewable Energy Integration: Incorporation of features for maximizing usage of solar or other renewable energy sources.

e  Voice Control: Implementation of voice commands through common helpers such as Alexa or Google Assistant.
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e  Real-Time Analytics: Offering users feedback on energy consumption and system functioning.

8. CONCLUSION

The project successfully offers a smart home automation system which addresses common issues such as scalability, cost effectiveness, and convenience.
The system provides a latest, user-friendly method of handling home appliances with the use of cloud computing, 10T, and mobile interface. The system
could be further extended by future implementation such as innovative security features and compatibility with Al.
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