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Abstract:

This paper presents an ESP32-based Home Automation System designed for efficient management of household
components, enhancing convenience, safety, and resource optimization. The system integrates various sensors
and devices, including relay-controlled bulbs and fans, motion-sensor lights, and automated nightlights.
Environmental monitoring is achieved via a DHT22 sensor for temperature and humidity, and MQ2/MQ135
sensors for gas detection, promoting real-time safety alerts. For smart gardening, a soil moisture sensor
coupled with a submersible pump enables automated irrigation. Overheat protection ensures safety by
automatically adjusting devices to prevent overheating. All components are managed through a mobile app
using Wi-Fi, offering intuitive control and real-time monitoring. This project demonstrates the potential of
ESP32 in building connected, intelligent home environments, driving the evolution of smart living systems.
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. Introduction
The demand for intelligent home management systems has risen significantly with the advent of
modern technology, driven by the need for efficiency, convenience, and enhanced safety in everyday living.
Traditional home systems often face challenges such as energy inefficiency, limited environmental monitoring,
manual gardening practices, and insufficient safety measures. Addressing these issues, this research introduces
an advanced ESP32-based Home Automation System designed to meet the evolving requirements of
contemporary households.
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Fig 1.1 Features of a Smart Home

This system integrates various Internet of Things (IoT) technologies, offering a seamless, automated,
and responsive living environment. It incorporates relay modules to control appliances like bulbs and fans, RGB
LED strips for customizable lighting, and sensors such as DHT22, MQ2, MQ135, and a soil moisture sensor for
comprehensive environmental monitoring. Additionally, it automates irrigation with a submersible DC pump
and includes safety mechanisms like overheat protection and gas detection sensors. A user-friendly mobile
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application, powered by Wi-Fi, allows real-time control and monitoring of the entire system, ensuring a
responsive and energy-efficient home ecosystem.

The solution not only enhances convenience but also addresses critical issues in home management,
such as energy conservation, environmental monitoring, and smart gardening. This paper explores the practical
applications of ESP32 technology, demonstrating its potential to create intelligent, efficient, and safer home
environments.

Il.  Material And Methods
This section outlines the hardware and software components used in the development of the ESP32-
based Home Automation System. The system's integration and implementation processes, along with the testing
methods employed, are also discussed.

Hardware Components:

e ESP32 Board: A low-cost SoC microcontroller from Espressif Systems with integrated Wi-Fi and
Bluetooth, used for controlling and managing the entire home automation system. Its versatility, support for
a wide range of peripheral interfaces, and low power consumption make it an ideal choice for loT-based
automation projects, ensuring efficient control over multiple devices simultaneously.

Fig 2.1 ESP32 Microcontroller

e 8-Channel Relay Module: Facilitates control over multiple devices, including lights and fans, enabling
switching through microcontroller commands. This module can handle high voltage devices while being
controlled through low voltage GPIO pins, making it essential for home automation applications.

Fig 2.2 8-Channel Relay Module

e MQ?2 Sensor: A gas sensor used to detect various gases like LPG, methane, and smoke to ensure home
safety. The sensor provides real-time monitoring, triggering alerts or automated actions, such as turning on
ventilation, when hazardous gas concentrations are detected.

Fig 2.3 MQ2 Gas Sensor
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DHT22 Sensor: Measures temperature and humidity, offering precise environmental monitoring for the
home. With its high accuracy and wide range of detection, it helps maintain comfortable indoor conditions,
automating cooling systems when needed.
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Fig 2.4 DHT22 Temperature and Humidity Sensor

Soil Moisture Sensor: Monitors soil moisture levels for automated irrigation in smart gardening. This
ensures efficient water use, enabling the system to activate the submersible water pump only when

necessary, contributing to water conservation.
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Fig 2.5 Soil Moisture Sensor

LDR Sensor: Detects ambient light levels to automate lighting adjustments in response to environmental
brightness. The sensor can control indoor and outdoor lighting systems, turning lights on or off depending
on the time of day or light intensity.

Fig 2.6 Light Dependént Resistor

Submersible DC Water Motor Pump: Automates irrigation by controlling water flow based on soil
moisture levels. This pump is capable of operating underwater, making it suitable for garden or indoor plant
irrigation systems, ensuring plants are watered consistently.

* A
Fig 2.7 Submersible DC Motor Pump
LED Light Strips: Provides customizable RGB lighting for dynamic and energy-efficient home

illumination. These strips can be programmed to change colours, intensity, and patterns, offering aesthetic
and functional lighting solutions for different environments.

Transistors (2N2222, BC547): Used for switching and amplifying signals within the circuit. These
transistors act as the interface between low-power signals from the microcontroller and high-power devices
like motors or relays.
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Fig 2.8 Transistor 2N2222 (left), Transistor BC547 (right)

Cooling Fan: Ensures the system remains within safe operating temperatures, preventing overheating. The
fan is activated based on the temperature readings from the sensors, adding a layer of thermal management
to the system.

Fig 2.9 Cooling Fan

LM7805 Voltage Regulator: Maintains a stable power supply to various components by regulating
voltage. It prevents damage to sensitive components by ensuring they receive the appropriate voltage,
essential for reliable operation in fluctuating power conditions.

©

Fig 2.10 LM7805 Voltage Regulator with Heatsink

Software Components:

ESP Flash Download Tool: A utility for flashing firmware onto the ESP32 board. It simplifies the process
of loading code onto the microcontroller, ensuring the firmware is properly installed and updated.

CADIO Firmware: Firmware used to facilitate communication between the ESP32 and connected
components. This software handles the data flow between sensors and actuators, ensuring smooth and
coordinated operation of all devices.

System Integration:

The hardware components were integrated into a cohesive system, controlled via the ESP32

microcontroller. Key integration steps included:

Relay Control: The 8-channel relay module was connected to the ESP32 to automate appliances like lights,
fans, and pumps. Each relay channel can be individually controlled, allowing the system to manage multiple
high-voltage devices safely and efficiently.

Sensor Integration: Environmental sensors (DHT22, MQ2, LDR, Soil Moisture) were interfaced with the
ESP32, enabling real-time monitoring and control. The data collected from these sensors is processed to
trigger automatic actions or notifications to the user.

Mobile Application: A user-friendly mobile application was developed to control and monitor all devices
via Wi-Fi. The app allows for remote management of the home automation system, providing users with
real-time data and control over connected devices.

Lighting Control: The LED light strips were integrated to enable personalized lighting schemes, controlled
through the mobile application or motion sensors. This feature adds convenience and energy efficiency,
with lights automatically adjusting based on presence or user preferences.
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Implementation and Testing:

The system was rigorously tested to ensure functionality and efficiency:

e Functional Testing: Each component was tested individually and as part of the integrated system to ensure
seamless communication and performance. Special attention was given to relay operations and sensor
readings, ensuring timely and accurate responses from the system.

o Safety Testing: Overheat protection mechanisms were tested using the cooling fan and temperature sensors
to ensure system stability. The system was monitored under various loads to ensure it operates safely under
extended use.

e lrrigation Testing: The soil moisture sensor and submersible pump were tested for automated irrigation
control, ensuring appropriate water levels in response to soil conditions. The system was calibrated to
respond accurately to different moisture levels for optimal plant care.

e Lighting Automation Testing: Motion-sensor-enabled lighting and RGB LED strip functionality were
validated under various environmental conditions. The system's ability to adjust lighting based on ambient
light levels and movement detection was tested to ensure reliable and energy-efficient performance.

Fig 2.11 Simple Smart Home Setub using ESP32

I11.  Discussion

The loT-based smart home system implemented using the ESP32 module successfully addresses
modern living challenges by providing efficient remote control of home appliances via the CADIO application.
This integration offers users a seamless experience in managing their home environment, ensuring convenience,
safety, and energy efficiency.

The system's core functionality revolves around the ESP32 microcontroller, which facilitates
communication between various devices and sensors. After flashing the ESP32 with the appropriate firmware, it
was configured to connect with the CADIO application available on the Play Store. Users can easily configure
settings within the app, aligning the pin connections on the ESP32 with corresponding relay modules controlling
various appliances.

One of the primary outcomes observed during testing was the effective operation of appliances such as
lights and fans through the app. When a user activates a device from the app, the ESP32 sends a signal to the
relay module, which subsequently completes the circuit, allowing the appliance to function. This real-time
communication ensures that users can manage their home appliances from anywhere, enhancing convenience
and control.

The integration of sensors plays a pivotal role in automating functions within the smart home
environment. For instance, the soil moisture sensor directly connected to the ESP32 monitors moisture levels in
the soil for gardening applications. When moisture levels drop below a predetermined threshold, the sensor
triggers the submersible DC water pump to activate, thereby providing precise irrigation and significantly
reducing water wastage. This feature exemplifies the system's capability to promote sustainable gardening
practices, aligning with contemporary environmental concerns.

Moreover, safety features were significantly enhanced through the incorporation of gas sensors (MQ2
and MQ135). In the kitchen, if a gas leak is detected, the system automatically activates a cooling fan and a
buzzer, providing immediate alerts to users. This automatic response mechanism showcases the system's ability
to prioritize user safety while enhancing overall household security.
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The use of an LDR sensor further optimizes energy consumption by automatically turning on lights
when ambient light levels drop. This feature not only enhances user comfort but also contributes to energy
conservation, demonstrating the system's versatility in managing different household tasks efficiently.

Another critical component of the system is the RCWL-0516 sensor, which detects motion in rooms.
Upon detecting a presence, the sensor triggers the lighting system to turn on automatically, providing
convenience when entering a room. Additionally, when the person leaves the room, the light turns off, ensuring
that energy is not wasted unnecessarily. This function is particularly valuable in households with children or
elderly family members, where forgetting to turn off lights can lead to increased energy consumption.

Despite the system's numerous advantages, some challenges were encountered during testing.
Occasionally, there were delays in response times when the Wi-Fi signal was weak. This lag can affect user
experience and highlights the importance of maintaining a robust network connection for optimal performance.
Future iterations of the system could explore alternatives such as local control options or the integration of a
dedicated network to mitigate these issues.

IV.  Conclusion

Implementing an loT-based smart home using the ESP32 microcontroller provides a versatile and cost-
effective solution for home automation, enhancing modern living. The ESP32’s integrated Wi-Fi and Bluetooth
capabilities enable seamless connectivity and control of various devices within a smart home ecosystem,
allowing users to remotely manage their home environment.

The built-in Wi-Fi functionality is particularly beneficial, facilitating effortless internet connectivity
that enables users to control appliances via mobile applications or web dashboards. This remote access allows
for monitoring and adjusting settings from anywhere, adding convenience and peace of mind. Bluetooth support
further enhances connectivity, allowing for interactions with nearby devices, which enriches the overall user
experience.

Moreover, the ESP32 is compatible with a wide range of sensors and actuators, making it suitable for
diverse applications, from environmental monitoring to controlling electrical devices. This versatility allows
users to tailor their smart home systems according to specific needs. The ESP32's compatibility with popular
loT platforms simplifies integration into larger ecosystems, enabling access to advanced features like data
analytics and predictive maintenance.

Scalability is another advantage of the ESP32, as it allows for easy accommodation of additional
devices and functionalities over time, catering to users’ evolving needs without requiring significant
infrastructure changes. However, addressing security concerns is crucial; implementing secure Wi-Fi
connections and encryption protocols protects the system from unauthorized access.

Ultimately, the ESP32 microcontroller serves as a powerful platform for building an 10T-based smart
home. With its seamless connectivity, compatibility, scalability, and focus on user experience, the ESP32 not
only enhances convenience and efficiency but also enriches the quality of life for its users.
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