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Abstract: Home automation is becoming more and more popular, and it's easy to see why with all the advantages it offers. Right now, you can
usually control these systems using things like email, text messages, or specific apps. However, there's been a lot of exciting work happening
recently in the world of the Internet of Things (IoT), with both researchers and companies investing heavily.

The idea of a "Smart Home" has really captured people's attention, especially with the arrival of cool gadgets like the Amazon Echo, Google
Home, and Samsung Smart Things. When an industry grows like this, it usually leads to some really innovative, affordable, and advanced
solutions.

This piece will focus on how we've created a solution that's not only dependable and budget-friendly but can also be easily used in homes that
aren't already "smart." Our system is powered by things like the Amazon Echo, Amazon Cloud, and Amazon Speech Services. ' On the
hardware side, we're using the ESP32-WROOM32 to bring smart features to regular homes.

We'll break down the different parts of our product and show you how well it works to turn your appliances on and off. Imagine being able to
control any device in your home just by using your voice! This kind of automation can lead to much better communication within a home
compared to traditional setups.
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I. INTRODUCTION

The Growing Role of Voice Recognition in Our Homes

It's amazing how quickly technology is changing things, and one area where we're seeing a huge impact is voice recognition. It's become a
real game-changer in how we interact with our devices. Thanks to clever programming, we can now simply speak commands to make things
happen, which makes our lives so much easier and more convenient.

When set up correctly, these home automation systems aren't just for homes anymore. We could even use them in offices or stores to easily
control lights and other equipment.

Of course, getting these automation systems just right can be a bit tricky, as the setup and adjustments needed can vary a lot depending on
what you're trying to do. That's why engineers use some pretty simple techniques to make sure everything works smoothly. Think about "smart
cities," for example — they rely heavily on automation to keep things like water, sewage, and traffic running efficiently.

A smart home system is a perfect example of automation in action right in our own living spaces. It keeps track of things like light levels,
moisture, and security, allowing homeowners to control their appliances and stay safe. But for a regular appliance to become "smart," it needs
to be connected to the internet (that's the [oT) or some other compatible system.
Amazon's Echo Dot is a great example of a smart speaker that has really changed how we interact with our homes. It has a built-in Al assistant
called Alexa, which lets you control your appliances, keep an eye on your home, and access all sorts of useful features. In places like India,
where these systems can often be quite expensive, affordable solutions are really important. That's where Alexa-integrated products come in,
offering budget-friendly and effective ways to automate homes and other buildings.
Recent research has shown how well home automation systems based on ESP32 work, especially when using something called WIFI AND
BLUTOOTH for communication. This is a simple way for devices and online servers to talk to each other in real-time, making it perfect for
internet-connected devices. By combining ESP32-WROOM32 with sensors and other gadgets, people can create automated systems that can,
for instance, adjust the lights based on how bright it is outside or whether someone is in the room.

So, in short, voice recognition and home automation are really transforming how we live and interact with the world around us. With cool
technologies like Alexa and ESP32-WROOM32, we can create living spaces that are smarter, more efficient, and just generally more
convenient for our everyday lives.
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II. LITERATURE REVIEW

Below are the literature reviews we get from our reference papers:

Establish the context of smart homes and the growing importance of automation for convenience and efficiency. It would cite general works
on smart home concepts and trends. Discuss the role of the Internet of Things (IoT) as the underlying technology for smart home systems. It
would reference papers outlining the architecture and benefits of [oT in this domain.[1]

Highlight the critical importance of safety in smart homes, focusing on the risks associated with gas leaks and fires. It would likely cite
statistics or reports emphasizing these dangers. Review traditional methods of gas leakage and fire detection in homes, pointing out their
potential shortcomings (e.g., delayed alerts, lack of remote notification). Discuss the advantages of using IoT technology for enhancing safety
and enabling early detection and remote monitoring of hazards.[2]

The evolution and current state of smart home automation systems. Various definitions and conceptualizations of smart homes. Potentially a
comparison of different smart home platforms, technologies, and standards. Future trends and emerging technologies in smart home
automation.[3]

Emphasize the specific risks and concerns associated with LPG gas leakage in residential and urban environments. It might cite safety
regulations and accident statistics. Review existing technologies and systems for detecting gas leaks, both traditional and automated. Focus
on the application of home automation principles and technologies for the specific task of LPG gas leakage detection and response.[4]
Provide an overview of the growing field of home automation and its benefits for users. Discuss the increasing popularity and capabilities of
microcontroller-based platforms, specifically highlighting the ESP32-WROOM32 module as a cost-effective and powerful option for IoT and
home automation projects. It would likely cite technical specifications and applications of the ESP32.[5]

Establish the widespread adoption of [oT in home automation and the resulting increase in connected devices within residential environments.
Thoroughly discuss the significant security challenges and vulnerabilities inherent in IoT ecosystems, particularly in the context of smart
homes. This would include topics like data privacy, device security, network vulnerabilities, and potential attack vectors.[6]

Clearly define and elaborate on the crucial role of the Internet of Things (IoT) as the enabling technology for modern smart home systems.
Review the key components and architecture of a typical [oT-based smart home system, including sensors, actuators, communication networks,
and cloud platforms. Discuss the various applications and benefits of utilizing IoT in home automation, such as remote control, energy
efficiency, enhanced security, and personalized experiences.[7]

Introduce the concepts of smart home automation and the Internet of Things, highlighting their increasing convergence. Provide a
comprehensive overview of Augmented Reality (AR) technology, explaining its principles and various applications across different domains.
Review existing user interfaces and control methods for smart home systems (e.g., mobile apps, voice assistants, physical switches), potentially
identifying their limitations.[8]

Provide a general introduction to the field of IoT and its application in home automation projects. Discuss the ESP32-WROOM32
microcontroller as a popular and versatile platform for building IoT-based smart home devices, highlighting its key features and capabilities.
Discuss the role and functionalities of cloud platforms like Blynk in facilitating remote control and data management for IoT projects.[9]
Emphasize the growing need for effective security solutions in smart homes to protect against intrusion and theft. Review the limitations of
traditional home security systems and the potential of Artificial Intelligence (AI) to provide more intelligent and proactive security measures.
Explore the integration of Al-powered thief detection capabilities within the broader context of smart home systems and their
infrastructure.[10]

III. METHODOLOGY

By studying the below diagram fig.(1) we can conclude that this is a home automation setup centered around an ESP32-WROOM32
microcontroller board that allows users to control 220V AC appliances through multiple interfaces.

The system's core components and workflow:
3.1. ESP32-WROOM32 Board (Central Component):
e  Acts as the main controller/hub that processes inputs and controls outputs
e Connects to all other components in the system
3.2. Input Methods (Left and Top):
o ESP Rainmaker + Google Assistant & Alexa (inside "Android module"): Allows voice control and app control from smartphones
e  Manual Switches: Traditional physical switches for direct control
e Sensors: It includes gas leakage, Smoke, temperature and humidity sensors for automated control.
3.3. Output (Right):
e Relay Module: Converts the low-voltage signals from the ESP32-WROOM32 to safely control.

e 220V AC Appliances: Home devices like lights, fans, or other electrical appliances.

[J]NRD2503382 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2025 IJNRD | Volume 10, Issue 3 March 2025 | ISSN: 2456-4184 | ]NRD.ORG
3.4. MQ6 Gas Sensor

The MQ6 is a semiconductor gas sensor primarily designed to detect LPG (Liquefied Petroleum Gas), propane, and butane.

Key features:

High sensitivity to LPG, iso-butane, propane.

e Low sensitivity to alcohol, cooking fumes, and cigarette smoke.
e  Fast response time (typically under 10 seconds).

e  Operating voltage: 5V DC.

e Analog output signal that can be read by a microcontroller.

e Includes an onboard heater that brings the sensor to optimal operating temperature.

Detection range: 200-10,000 ppm for LPG/propane.
Common applications:
e Home gas leak detection
e Industrial safety systems
e Portable gas detectors
3.5. MQ2 Smoke Sensor
The MQ2 is a versatile gas and smoke sensor capable of detecting multiple combustible gases and smoke particles.
Key features:
e Detects H2, LPG, CH4, CO, alcohol, smoke, and propane
e High sensitivity to smoke and combustible gases
e Analog and digital output options (depending on module)
e  Operating voltage: 5V DC

e Detection range: 300-10,000 ppm (varies by gas type)

Preheat time: 20-30 seconds
Common applications:
e Fire alarms
e Home safety systems
e  Air quality monitoring
e Industrial safety
3.6. DHT22 Temperature and Humidity Sensor
The DHT22 (also known as AM2302) is a digital temperature and humidity sensor that provides calibrated digital outputs.
Key features:
e  Temperature range: -40°C to 80°C (£0.5°C accuracy)
e  Humidity range: 0-100% RH (+2-5% RH accuracy)
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e Single digital signal output

e  Operating voltage: 3.3V to 5V DC
e Low power consumption
e Sampling rate: 0.5 Hz (one reading every 2 seconds)
e 4-pin package (VCC, Data, NC, GND)
Common applications:
e  Weather stations
e  HVAC control systems
e Home automation
e  Environmental monitoring
e  Greenhouse control systems

All three of these sensors would be excellent additions to our ESP32-WROOM32 based system shown in below flow diagram, fitting into the
"SENSORS" category.

The system's main advantage is its flexibility in control methods. Users can:
e Use voice commands via Google Assistant or Alexa
e  Control devices through the ESP Rainmaker app
e Use traditional switches
e  Set up automated responses based on sensor data

The bidirectional arrows indicate that information flows both ways - the ESP32-WROOM32 can receive commands from various inputs, but
it can also send status updates back to the apps and voice assistants.

This is essentially an IoT (Internet of Things) smart home system that bridges traditional controls with modern connectivity options.

MANUAL
SWITCHES

e RELAY 220V AC

MODULE APPLIANCES

ESP Rainmaker ASSISTANCE “ ESP32 BOARD | W
& ALEXA

Android module

Fig. (1) Flow diagram of Home Automation System
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Hence, we studied and understand the methodology of Home Automation Using ESP32-WROOM32.

IV. RESULTS AND DISCUSSION

4.1. Remote Control of Appliances: You will be able to turn ON/OFF the 7 LED lights (Hall Light, T.V., Fan, Kitchen Light, Bathroom
Light, A.C., Heater) remotely using the ESP Rain Maker application on your smartphone from anywhere with internet access.

4.2. Voice Control Integration: You will be able to control the same 7 LED lights using voice commands via Google Assistant and Alexa.

4.3. Manual Override: In case of Wi-Fi unavailability, you can still control the 8 outputs (including the LED lights and buzzer) using the
physical manual switches.

4.4. Emergency Condition Alerts:
e  The buzzer will sound an alert if the MQ2 smoke sensor detects smoke.
e The buzzer will sound an alert if the MQ6 gas sensor detects a high concentration of certain gases.
e  The buzzer will sound an alert if the DHT22 sensor detects a temperature exceeding a predefined threshold.

4.5. Temperature Monitoring: You will be able to monitor the ambient temperature through the ESP Rain Maker application using the data
from the DHT22 sensor.

4.6. Automated Temperature Control: The system will automatically control the "A.C." and "Heater" (represented by LED lights) based
on the temperature readings from the DHT22 sensor, allowing you to maintain a desired temperature.
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4.7. Increased Convenience: The system offers increased convenience by allowing you to control and monitor aspects of your home remotely
and through voice commands.

4.8. Enhanced Safety: The smoke and gas detection features contribute to enhanced safety by providing early warnings in case of potential
hazards.

4.9. Potential Energy Savings: Automated temperature control and the ability to remotely turn off lights and appliances can potentially
lead to energy savings.

4.10. Customizable and Expandable: The ESP32-WROOM32 platform allows for further customization and potential expansion of the
system with more sensors and controlled devices in the future.

4.11. Real-time Monitoring: We will have access to real-time data from the sensors through the ESP Rain Maker application.

Fig. Actual Model

Fig. Actual Model
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V. CONCLUSION

"Using voice commands to control things around the house isn't just a cool feature — it can really make a huge difference in people's lives. For
individuals with paraplegia who might not be able to use traditional remotes or other control methods, voice automation offers a fantastic way
to manage their home independently.

It's also incredibly helpful for people who are blind. Regular remote controls often rely on pointing an infrared signal at the appliance, which
is impossible if you can't see. With voice commands, they can control their home appliances easily.

The beauty of a voice-controlled system is that it's so simple to use, even for people who can't read or write. They just need to say the name
of the device and tell it to turn "on" or "off."

These systems are also very dependable, and because they can connect to Wi-Fi, you can even control your home from your mobile phone, no
matter where you are.

While other remote control systems like Bluetooth or Wi-Fi are good, they often require specific smartphones to be registered to the system.
Voice automation removes this limitation, making the system accessible to everyone.

Our findings clearly show that the ESP32-WROOM32 microcontroller is a fantastic choice for building home automation systems that are not
only reliable but also don't use a lot of energy. Because it offers so many ways to connect, is affordable, and can be easily expanded, the
ESP32-WROOM32 is likely to play a major role in shaping the smart homes of the future."

VI. FUTURE WORK

"The great thing about this home automation project using the ESP32-WROOM32 is that there's so much room to grow and
improve! Imagine being able to add even more smart features in the future.

One exciting path could be to include more types of sensors. Think about adding motion sensors to automatically turn on lights when you enter
a room, light sensors to adjust blinds based on the sunlight, or even pressure sensors to know if someone is sitting on a chair. This could lead
to even smarter and more intuitive automation.

We could also connect more devices to the system, like smart thermostats that learn your preferred temperatures, humidifiers that keep the air
just right, or even security cameras you can check remotely. The possibilities for automating your home are really vast!

Another cool idea is to use 'machine learning' — that's where the system learns from the sensor data over time. This could help it make even
better decisions about when to turn things on or off, potentially saving energy and making your home even more comfortable without you
having to do anything.

And to make it even easier to control everything, we could develop a dedicated mobile app. This would give you a slick and convenient way
to access and manage your entire home automation system from your phone, no matter where you are.

When it comes to keeping things secure, we can definitely make the system even safer. This could involve encrypting the data that's sent
between your devices and the cloud, so it's protected from prying eyes. We can also use secure internet communication methods like HTTPS
and WIFI AND BLUTOOTH to ensure that all the data transmission is safe. Plus, we can add access controls so only authorized people can
interact with your automation system and its data. Regularly updating the system's software will also keep it protected with the latest security
features.

To make your home even more energy-efficient and environmentally friendly, the system could learn how you use energy and then
automatically adjust things to save power. We could even integrate it with renewable energy sources like solar panels or wind turbines, so you
rely less on traditional electricity. By using smart algorithms, we can really optimize energy use and reduce waste.

To make the system more adaptable and easier to expand, we could design it in a modular way. This would mean you could easily add or
remove devices and features without having to overhaul the whole system. Using open-source software could also be beneficial, as it would
allow for lots of customization and modification. And by using a cloud-based setup, you could easily access and scale your system as your
needs grow.

Looking even further ahead, we could explore connecting the system with wearable technology like smartwatches or fitness trackers. This
could allow for really personalized automation experiences — for example, your lights could adjust automatically based on your activity level.
We could also develop a completely voice-controlled interface, giving you true hands-free control. And for those with electric vehicles, we
could even integrate the system to manage charging and energy use seamlessly.

These are just a few of the exciting possibilities for the future of this home automation project using the ESP32-WROOM32. There's really no
limit to what could be done, and the system can be customized to fit all sorts of different needs and interests!"
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