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Abstract - This project builds an IoT based switching system that lets a user control electrical loads through a manual
switch, a mobile app, and Google Assistant. The aim is to make everyday switching simple, safe, and easy to manage. The
system uses an ESP32 microcontroller and a four-channel relay module. The ESP32 connects to Wi-Fi, handles cloud
messages, and updates the relay outputs. The relays switch AC loads through their COM and NO terminals.

The system stays easy to use because each control method leads to the same relay action. The mobile app and voice
commands work through the Sinric Pro cloud. The cloud keeps the device state in sync so the user sees the correct status at
all times. The firmware follows a clear flow. It joins the network, registers the device, listens for commands, and updates
the relay state after each action.

The device performs well in real tests. Manual control responds without delay. Cloud and voice control introduce a short
wait, but the output remains steady and predictable. Early issues with Wi-Fi were fixed by reconfiguring the setup. Once
stable, the system maintained its connection and updated all interfaces without errors.

The design works with basic hardware and can grow in many ways. Future versions can add more relay channels, sensors,
or energy monitoring. A LAN control mode can reduce dependence on cloud access. This project shows a simple and
practical way to control home electrical loads with remote and voice features using low-cost components.

CHAPTER 1

INTRODUCTION
1.1 Background

Home automation systems aim to reduce manual effort and improve the way we control common electrical loads. These systems
rely on simple hardware and a stable network link. The increasing use of Wi-Fi microcontrollers has made it possible to build small
and practical IoT devices without complex circuits. Users can now control appliances through mobile apps or voice assistants
instead of physical switches. This shift makes basic automation more accessible and less expensive.

This project focuses on an IoT-based switching system that uses an ESP32 and a relay module to control household loads. The
design provides manual control along with cloud and voice control. The goal is to keep the system simple so it can be used in
homes without technical changes.

1.2 Problem Statement

Most homes still depend on physical switches for basic control. These switches work, but they have limits. A user cannot operate
them from another room or from outside the home. There is no simple way to check if a device is on or off when away. Voice
control is not possible without a connected system. Many users want these features, but they do not want complex or costly
solutions.

This project addresses these gaps by building a small device that supports manual, mobile, and voice-based switching. The system
uses low-cost parts and avoids complex installation.
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1.3 Objectives
The main objectives of this project are:

*  To design a switching system that works through manual, mobile, and voice control.
*  To use the ESP32 to manage Wi-Fi, cloud communication, and relay switching.

*  To connect the system with Google Assistant for voice commands.

*  To keep the design simple, safe, and easy to install in a normal home.

* To provide clear state updates so the user can see the status of each load.

1.4 Scope of the Project

The project focuses on switching basic household loads such as bulbs. It covers hardware wiring, firmware development, and cloud
integration. The system supports remote access through the Sinric Pro app and voice control through Google Home. The design
does not cover energy monitoring, local dashboards, or large-scale automation. These features can be added later. The project aims
to show a working and reliable switching system with the core features needed for small home automation.

1.5 Methodology Overview

The project follows a simple and direct workflow. First, the ESP32 was programmed to connect to a Wi-Fi network and register
with Sinric Pro. The four-channel relay module was wired to the ESP32 GPIO pins to switch loads. The firmware handled manual
button input and remote commands. The system was linked to Google Assistant for voice control.

After setup, each part was tested for correct switching, smooth cloud updates, and stable device behavior.

The final output is a compact system that turns loads on and off through three clear pathways: manual operation, mobile app control,
and voice commands. The system remains stable after setup and provides a practical approach to small home automation.

CHAPTER 2

LITERATURE REVIEW
2.1 IoT Systems

The Internet of Things links basic devices to a network so they can send and receive data. These devices often rely on
microcontrollers with built-in Wi-Fi support. Earlier work shows that IoT systems help users monitor and control home appliances
without complex wiring. Many studies highlight the value of remote access, cloud storage, and real-time updates. Most IoT projects
follow a simple model that includes sensing, processing, and communication. This project builds on the same idea but focuses only
on switching loads through three forms of control.

2.2 ESP32 in Home Automation

The ESP32 microcontroller is common in small automation systems. It supports Wi-Fi, Bluetooth, GPIO pins, and secure
communication. Research shows that the ESP32 performs well in both local and cloudbased projects due to its speed and low power
use. Many home automation works use the ESP32 to drive relays, read sensors, or send data to a server. These studies show that
the ESP32 can act as a stable core controller for switching systems. This project uses the ESP32 because it handles cloud links and
relay control without extra hardware.

2.3 Cloud-Controlled Switching

Cloud platforms help route commands from a mobile app to a device. Earlier work on cloud-based switching shows that this method
removes the need for a custom backend. Platforms like Sinric Pro, Tuya, and Blynk handle device registration, authentication, and
state updates. These systems let users control loads from anywhere as long as both the cloud and the device stay online. Prior
research also notes a short delay during cloud routing. This project uses Sinric Pro because it supports voice assistants and provides
simple APIs for relay switching.
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2.4 Voice-Control Systems

Voice assistants have become common in smart-home use. Studies show that users prefer voice commands for simple tasks like
switching lights or checking device states. Google Assistant and Alexa work by sending the voice command to a cloud server,
which then sends the control message to the device’s cloud platform. Prior work highlights that this method offers convenience but
adds a small delay. This project uses Google Assistant because it links easily through Sinric Pro and does not need any extra
hardware or setup inside the home.

2.5 Summary of Gaps Identified

The review shows a strong base of work in IoT switching, cloud control, and voice-based automation. Most studies focus on large
systems with many sensors or advanced dashboards. Few projects focus on a simple, low-cost switching system that supports
manual, mobile, and voice control at the same time. This project fills that gap by combining these three control methods in a
compact and easy-to-use form.

CHAPTER 3

SYSTEM REQUIREMENTS (SRS)

3.1 Introduction

This chapter describes the functional and non-functional needs of the IoT Enabled Intelligent Switching System. These
requirements define what the system must do, how it must behave, and what resources it needs. The goal is to keep the system
simple, safe, and reliable for real use.

3.2 Functional Requirements
FR1: Manual Switching

The system must allow the user to control the load through a push button connected to the ESP32.

FR2: Mobile App Control

The system must respond to ON and OFF commands sent from the Sinric Pro mobile app.

FR3: Voice Control

The system must accept commands from Google Assistant and switch the loads based on those commands.
FR4: Relay Control

The ESP32 must process each instruction and update the corresponding relay output.

FRS: State Synchronization

The system must send the updated state of each load to the cloud after every switch action.

FR6: Multi-Load Support

The system must support up to four loads using a four-channel relay module.

3.3 Non-Functional Requirements
NFR1: Reliability

The system must switch loads without failure during normal use.
NFR2: Response Time

Local switching must respond at once.
Cloud and voice control may add a short delay, but the response must remain steady.
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NFR3: Network Stability

The ESP32 must remain connected to the Wi-Fi network without frequent dropouts.

NFR4: Security

The system must use secure communication when linking to the cloud.

NFRS5: Ease of Use

Users must be able to control loads without extra steps or technical knowledge.

NFR6: Maintainability

The design must be simple enough for easy updates or changes.

3.4 Hardware Requirements

ESP32 Microcontroller

Used for control, Wi-Fi connection, and cloud communication.

Four-Channel Relay Module

Used to switch AC loads through the COM and NO terminals.

Power Supply

A stable 5 V source for the relay module and a 3.3 V supply for the ESP32.

Jumper Wires and Breadboard

Used for basic prototyping and wiring.

AC Load (Bulb)

Used for testing and demonstration.

3.5 Software Requirements

Arduino IDE

Used to write and upload the ESP32 firmware.

Sinric Pro Platform

Used for cloud control and device state management.

Google Home App

Used to link the system with Google Assistant.

Wi-Fi Network (2.4 GHz)

Used to connect the device to the cloud.

3.6 Constraints

*  The system works only on 2.4 GHz Wi-Fi networks.

*  Stable internet is needed for mobile and voice control.

*  Manual control is the only fallback during network failures.
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3.7 Summary

The system is built with simple hardware and clear functional goals. It supports manual, mobile, and voice control. It requires a
stable Wi-Fi network and a safe relay setup. These requirements guide the system design and ensure that the final prototype
performs in a predictable and safe manner.

CHAPTER 4

SYSTEM DESIGN
4.1 Introduction

This chapter explains the structure and operation of the IoT Enabled Intelligent Switching System. The design is simple and
follows a layered approach. Each layer handles one part of the process. This keeps the system easy to understand and easy to
maintain.

4.2 System Architecture

The system works across four layers: the application layer, the cloud layer, the device layer, and the hardware layer. Each layer
has a clear role.

*  The application layer includes Google Home and Google Assistant. It handles user commands through the app or voice.

*  The cloud layer uses Sinric Pro to route commands and keep the device state updated.

*  The device layer contains the ESP32 microcontroller. It handles WiFi, processes commands, and drives the relay pins.

*  The hardware layer includes the relay module and the AC loads. The relays switch the loads based on the GPIO signals.
This structure provides a clear path for every control method: manual, mobile, and voice.

Figure 4.1: System Architecture of the IoT Smart Switch
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APPLICATION LAYER
e Google Home (Mobile UT)

e Google Assistant (Voice commands)

}

Wi-Fi / Internet

!

CLOUD LAYER

Sinric Pro (manages device communication)

|

Wi-Fi (2.4 GHz)

|

DEVICE LAYER
ESP32 microcontroller

Manual push button (Local control)

!

Relay control (GPIO)

|

HARDWARE LAYER

AC loads (switched via relay module):
e Fan (Relay 1)

e Light (Relay 2)

« TV (Relay 3)

o AC (Relay 4)

The data flow is simple. A command starts from the user, moves through the cloud, reaches the ESP32, and updates the relay:

I. The user gives a voice command or taps the mobile app.

2. The command reaches Sinric Pro, which sends it to the ESP32.

3. The ESP32 reads the message and switches the correct relay.

4. The system sends the updated state back to the cloud.

5. The app and Google Home reflect the new state.

Manual control works without the cloud. The ESP32 reads the button press and updates the relay and cloud state.

4.4 Workflow

The system follows a simple workflow:

¢ Connect the ESP32 to Wi-Fi.

*  Register the device with Sinric Pro.

» Listen for manual input and cloud commands.

*  Switch the relay based on the command.
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»  Update the device state across all interfaces.

This workflow prevents conflicts and keeps the system consistent whether the user taps the switch, uses the app, or speaks to
Google Assistant.

4.5 Hardware Design
The hardware design uses only the required components:

»  ESP32 for control and Wi-Fi

*  Relay module for switching the AC loads
* Breadboard and jumper wires for connections
* AC bulbs for testing

The ESP32 drives the relay pins using GPIO. The relays act as electrically isolated switches and handle AC loads safely.

4.6 Summary
The system uses a clear layered structure and a simple workflow. The ESP32 connects the cloud and hardware layers and keeps
the load states consistent. The design stays simple to help with implementation and testing.

CHAPTER 5

HARDWARE IMPLEMENTATION

5.1 Introduction

This chapter explains the hardware used in the system and how each part connects. The goal is to keep the design simple, safe,
and easy to assemble. The hardware includes the ESP32 microcontroller, a fourchannel relay module, a power supply, and basic
wiring.

5.2 ESP32 Microcontroller

The ESP32 is the main control unit. It handles Wi-Fi, reads manual input, and drives the relay pins. It works at 3.3 V and has
enough GPIO pins to manage four relays.

Key roles of the ESP32 in this project:
*  Connects to the 2.4 GHz Wi-Fi network
*  Communicates with the Sinric Pro cloud
*  Processes ON and OFF commands
*  Sends signals to the relay inputs
*  Reads the manual push button

The ESP32 is placed on a breadboard to keep the wiring simple during testing.

5.3 Relay Module
The system uses a four-channel relay module. Each relay acts as an electronic switch that controls an AC load. The module runs
on 5V and provides electrical isolation between the ESP32 and the AC line.

Functions of the relay module:
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*  Switches the AC load through COM and NO terminals
*  Receives GPIO signals from the ESP32
»  Offers isolation to keep the control circuit safe

Each relay is mapped to a single load, such as a bulb or fan.

5.4 Power Supply

The ESP32 uses 5 V from a USB cable, and the relay module uses a 5 V supply as well. Both share a common ground. This keeps
the circuit stable and allows correct GPIO signaling.

5.5 Wiring Layout

The wiring follows a simple structure:
*  GPIO pins from the ESP32 connect to the relay IN pins
*  The relay module receives 5 V and ground
*  AC load wiring connects through the COM and NO terminals
*  The manual button is connected between a GPIO pin and ground

The wiring avoids unnecessary complexity. The AC lines are kept separate from the low-voltage control side to maintain safety.

Figure 5.1: Prototype of the ESP32 and Relay Setup
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5.6 Hardware Testing

Each relay was tested with a bulb. The ESP32 switched the relays as expected. The manual push button also worked without
delay. The connection remained stable after the initial Wi-Fi setup issues were fixed.

5.7 Summary

The hardware setup is simple and uses common components. The ESP32 handles control and communication, while the relay
module switches the loads safely. The wiring layout stays clear and easy to work with. The final prototype performs as expected
and supports all three control methods.

CHAPTER 6

SOFTWARE IMPLEMENTATION
6.1 Introduction

This chapter explains the software used in the IoT Enabled Intelligent

Switching System. The software includes the ESP32 firmware, the Sinric Pro cloud setup, and the Google Assistant link. The
design keeps the code simple so the device stays stable and easy to update.

6.2 Firmware Flow

The ESP32 firmware controls connection, communication, and relay switching. The code follows a clear sequence:
1. Connect to the Wi-Fi network
. Authenticate with Sinric Pro

. Register callback functions for ON and OFF commands

2

3

4. Listen for incoming messages

5. Switch the relay linked to the command
6

Send the updated state back to the cloud

7. Check the push button for manual control

The firmware uses a non-blocking loop. This avoids delays and keeps the device responsive even if the Wi-Fi signal is weak.

6.3 Wi-Fi and Cloud Setup
The device uses a 2.4 GHz network. During setup, the ESP32 reads the SSID and password from the firmware. It then
establishes a long-term link to the Sinric Pro server. Sinric Pro provides:

e Device identifiers
* APl keys
*  WebSocket communication

*  State management
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The ESP32 opens a secure WebSocket connection. The cloud then pushes ON and OFF events to the device. The device responds
by switching the correct relay.

6.4 Command Handling

The command-handling module receives the action name from the cloud.

The firmware maps the action to one relay. After switching the relay, the ESP32 sends the new state back to Sinric Pro. This
action makes sure the app and Google Home show the correct status.

Manual switching also triggers a state update. When the button is pressed, the ESP32 changes the relay output and informs the
cloud.

6.5 Google Assistant Link

Google Assistant communicates with Sinric Pro through a standard cloud integration. The user gives a voice command. The
Google server processes the voice and sends the action to Sinric Pro. Sinric Pro forwards the request to the ESP32.

The process is simple:
»  User gives voice command
*  Google identifies the device
*  Sinric Pro receives the request
»  ESP32 switches the relay
The delay remains short and predictable.

6.6 Mobile App Control

The Sinric Pro mobile app sends ON and OFF commands. The app displays the device as a switch. The ESP32 receives each
command and updates the relay. The state remains consistent because the cloud tracks every change.

The mobile control method works from any location as long as the ESP32 has an active internet connection.

6.7 Error Handling

The firmware checks for connection drops. If the WebSocket disconnects, the ESP32 tries to reconnect until the link is restored.
Manual control continues to work even if the network fails.

This approach keeps the system usable under most home network conditions.

6.8 Summary

The software design uses simple and stable logic. The ESP32 handles WiFi, cloud communication, and relay switching. The
cloud manages device state and forwards commands. Google Assistant adds hands-free control. The system remains consistent
because every change updates the cloud and all connected interfaces.

CHAPTER 7

TESTING AND RESULTS

IJERTV 1415110241
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org

International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Vol. 14 I ssue 11, November 2025

Published by :
http://lwww.ijert.org

7.1 Introduction

This chapter describes the tests carried out on the IoT Enabled Intelligent Switching System. The goal was to check if the system
behaves in a stable and predictable way under manual control, mobile app control, and voice control. Each test focused on
checking how the ESP32, relays, cloud services, and user interfaces responded during normal use.

7.2 Test Setup

Testing took place on a simple setup that included the ESP32 microcontroller, a four-channel relay module, a Wi-Fi network, the
Sinric Pro cloud dashboard, and the Google Home app. The tests checked both the physical switching of loads and how each
interface updated the device state.

The loads were basic AC bulbs. They provided clear visual feedback when switched. The network connection was a standard
home 2.4 GHz Wi-Fi router.

7.3 Cloud Dashboard Testing (Sinric Pro)
The Sinric Pro dashboard was used to observe how the system registered devices and processed commands. The dashboard listed
three devices: AC, Bulb, and Fan. Each device showed its current state and had buttons for turning the load on or off.

During the screenshot, the devices appeared offline. This happened because the ESP32 module was not powered at that moment.
When connected, the dashboard updates in real time. This test confirmed two things:

1. The device registration process was successful.

2. The cloud correctly recognized each load and linked it to the ESP32. Figure 7.1 — Sinric Pro Dashboard
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7.4 Mobile App Testing (Google Home App)
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The Google Home app was tested to check if it detected the same linked devices. The app displayed the AC, fan, and tubelight
entries, along with their expected icons and device names. This confirmed that the integration between Google Home and Sinric
Pro was correct.

The devices appeared offline in the screenshot. This was due to the ESP32 being disconnected at that time. When the system is
powered and online, the app updates the device state consistently.

This test showed that:
*  The system links correctly with Google Home
*  Devices load with proper names

*  Commands from the app route through the cloud as expected

Figure 7.2 — Google Home App Showing Linked Devices
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7.5 Voice Control Testing
The system was tested with Google Assistant using simple commands such as:

*  “Hey Google, turn on the bulb.”
*  “Hey Google, turn off the fan.”

Google Assistant processed the speech, recognized the correct device, and forwarded the request to Sinric Pro. The ESP32
received the command and switched the relay.
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Voice control added a short delay. This delay came from routing the command through both Google’s server and the Sinric Pro
cloud. Even with the delay, the system responded in a stable and predictable way. This test confirmed that hands-free control
works as intended.

7.6 Manual Switching Test

Manual switching was checked by pressing the physical button connected to the ESP32. The relay changed state at once. The
system sent an updated state to Sinric Pro when the Wi-Fi connection was active. This ensured that the cloud and app interfaces
stayed in sync with manual actions.

This test confirmed that the device remains usable even without an internet connection. Local switching continues to work, which
gives the user a reliable fallback option.

7.7 State Synchronization Test

The system was tested to check how well it maintained state consistency across different control methods. When a load was
switched through the app or voice, the ESP32 updated the relay and sent the new state back to the cloud. When the button
switched the load, the ESP32 pushed the state to the cloud once the connection was active.

All interfaces reflected the correct state after each action. No conflicts occurred during testing.

7.8 Performance Observations

The system behaved in a stable way across all tests:
*  Manual switching worked without delay
*  Cloud commands reached the ESP32 reliably
*  The relays switched loads cleanly
*  Google Home loaded the devices with correct names
*  Voice commands were processed with consistent timing
*  The system stayed responsive after reconnecting to Wi-Fi
The response time of cloud and voice commands was predictable. The hardware showed no instability during repeated switching.

7.9 Summary

The results show that the IoT Enabled Intelligent Switching System works well under manual, mobile, and voice control. The
cloud platform recognizes the devices, and the app reflects the correct state. The relay module switches loads in a stable way. The
system meets the functional requirements and provides a simple and dependable switching method for small home automation
tasks.

CHAPTER 8

ADVANTAGES

8.1 Introduction
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This chapter explains the main advantages of the IoT Enabled Intelligent Switching System. The design focuses on simple control,
low cost, and ease of use. The system improves the way basic electrical loads are operated in a home.

8.2 Simple Installation

The system uses basic components and clear wiring. It does not need any changes to the home’s electrical structure. The ESP32
and relay module can be added to an existing switchboard with minimal effort. This makes the setup suitable for homes and small
workspaces.

8.3 Multiple Control Methods

The user can switch a load through a manual button, the mobile app, or Google Assistant. This offers flexibility. If one control
method fails, the others still work. This also helps users who prefer hands-free control or remote access.

8.4 Low Cost

The system uses low-cost parts such as the ESP32 and a standard relay module. Cloud services like Sinric Pro are free for basic
use. This keeps the overall project affordable and practical for everyday use.

8.5 Remote Access

The user can control devices from any location through the mobile app. This is useful when the user wants to check if a device is
on or off while away from home. The cloud keeps the device state updated.

8.6 Voice Control Support

Google Assistant allows the user to operate the load through simple voice commands. This improves ease of use and adds
convenience. It also helps users who prefer not to interact with physical switches or mobile apps.

8.7 State Synchronization

The system updates the device state across all interfaces after every action. This prevents confusion about whether a load is on or
off. It also supports clean integration between manual and cloud control.

8.8 Safe Switching

The relay module provides electrical isolation. The ESP32 controls the load through low-voltage signals, which keeps the user
safe from direct contact with AC lines. This makes the system suitable for home use.

8.9 Expandability

The design can support more loads or new functions without major changes. The ESP32 has enough GPIO pins to connect more
relays or add sensors. The cloud platform also supports additional devices.

8.10 Summary

The system offers several advantages, including simple installation, low cost, and flexible control methods. The cloud link
enables remote switching, while voice commands add ease of use. The design stays safe and expandable, making it suitable for
small home automation tasks.
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CHAPTER 9

LIMITATIONS

9.1 Introduction

This chapter lists the main limits of the IoT Enabled Intelligent Switching System. The system works well for basic switching,
but it has a few practical constraints. These limits do not affect normal use, but they define what the system can and cannot do.

9.2 Dependence on Wi-Fi

The system needs a stable 2.4 GHz Wi-Fi network for mobile and voice control. If the network goes down, only manual control
works. The system cannot operate cloud features without an internet link.

9.3 Cloud Delay

Commands sent through the cloud or Google Assistant have a short delay. This happens because the request moves through
multiple servers. The delay is small but noticeable compared to manual switching.

9.4 Limited Load Capacity

The relay module can handle only small household loads. The system is not made for high-power appliances unless the relay
ratings are upgraded. For safety, it should be used with basic loads like bulbs and fans.

9.5 No Energy Monitoring
The system does not measure power usage. It only switches loads on and off. Energy tracking would need extra sensors and
firmware changes.

9.6 Single-Location Control Unit

The ESP32 sits in one physical position. If the user wants to control devices in many rooms, more units are needed. The system
does not support multi-room control from a single hardware node.

9.7 Summary

The system has a few limits related to Wi-Fi, cloud delay, load ratings, and sensor features. These limits are normal for simple
IoT switching systems. They do not affect the main goal of the project, which is to switch basic loads through manual, mobile,
and voice control.

CHAPTER 10

FUTURE SCOPE

10.1 Introduction

This chapter describes the features that can be added to improve the IoT Enabled Intelligent Switching System. These ideas focus
on making the system more useful, more stable, and more flexible for day-to-day use.
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10.2 Energy Monitoring

A future version can measure power usage for each load. Current sensors or smart energy modules can send real-time
consumption data to the cloud. This helps users track how much electricity each device uses.

10.3 Local Control Without Cloud

The system can support LAN-based switching. This lets the user control the loads even if the internet is down. Local control
reduces delay and improves privacy. It also makes the system more reliable in homes with unstable internet.

10.4 Mobile App Improvements

A custom mobile app can be added. It can show device logs, switching history, and real-time data. It can also support schedules
and automation rules.

10.5 Advanced Automation
The system can support simple rules. Examples include:

*  turning lights on at sunset
»  switching off fans after a set time
*  automatic routines based on room activity
Basic automation improves comfort and reduces energy waste.

10.6 Sensor Integration

Sensors such as PIR, temperature, or light sensors can improve the system. These sensors can activate loads without user input.
They make the system more intelligent and reduce manual effort.

10.7 Support for More Loads

The design can be expanded to control more loads by using a larger relay module or a custom PCB. This helps manage switches
in more than one room.

10.8 Voice Assistant Expansion

Future versions can add support for other voice platforms such as Alexa or Siri. This gives users more options and increases
compatibility.

10.9 Compact PCB Design
A custom PCB can replace the breadboard setup. This reduces wiring, improves safety, and makes installation easier inside a
switchboard.

10.10 Summary

The system can grow in many useful ways. It can support more loads, add energy monitoring, run local automation, and use
sensors. These changes can make the system more efficient and easier to use in a real home environment.

CHAPTER 11
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CONCLUSION

11.1 Summary of Work

This project built an IoT based switching system that controls electrical loads through a manual switch, a mobile app, and Google
Assistant. The design used an ESP32 microcontroller and a four-channel relay module. The cloud platform handled device
registration and command routing. The system kept the device state updated across all interfaces and reacted in a stable way during
tests.

11.2 Achievements

The system met all its functional goals. It switched loads safely and responded to commands sent through the mobile app and voice
assistant. Manual control worked without delay. The cloud dashboard showed the correct device list. Voice control functioned
through Google Assistant with a consistent response time. The system stayed simple, low-cost, and easy to use.

11.3 Key Observations

Manual switching was instant. Cloud and voice control introduced a short delay, which is normal for connected systems. The system
remained stable once the Wi-Fi connection was set. The relay module handled loads without fault. The ESP32 managed both local
and cloud communication without conflicts. These results show that a basic IoT switching system can work well with simple
hardware.

11.4 Conclusion

The project reached its goal of creating a working and dependable IoT switching system. It supported three control methods and
kept device states synchronized. The design remained practical, safe, and easy to extend. With a few improvements, the system can
grow into a more complete home-automation solution. The work shows how IoT concepts can be applied in a simple and effective
way for real-world use.
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