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Abstract: This project presents a smart home automation system based on the Node MCU ESP8266 microcontroller. The goal is to enhance
comfort, convenience, and energy efficiency by enabling users to control home appliances remotely using Wi-Fi connectivity. By integrating
the ESP8266 with sensors, relays, and actuators, the system allows control through a mobile application or a web interface. The use of open-
source platforms like Blynk or custom web dashboards makes the solution affordable, scalable, and user-friendly. Key features include real-
time status monitoring, device scheduling, and automation based on sensor data such as temperature or motion. This project demonstrates how
loT technology can be effectively applied to everyday living environments, paving the way for smarter and more efficient homes.
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INTRODUCTION

Home automation involves the control of household devices such as lights, fans, thermostats, and security systems using technology, typically
through smartphones or other remote interfaces. The primary objectives are to enhance convenience, improve energy efficiency, and increase
security. The Node MCU ESP8266 is a widely used micracontroller for developing smart home applications. It is cost-effective, compact, and
equipped with built-in Wi-Fi, making it well-suited for Internet of Things (10T) solutions. It enables wireless control and monitoring of devices
such as lights and appliances. This project focuses on implementing a smart home system using the Node MCU ESP8266. It includes methods
for controlling lighting, managing security, and developing custom automation using sensors, actuators, and online platforms. The system is
designed to be accessible for users at all skill levels and provides aversatile foundation for creating personalized home automation solutions.

METHODOLOGY
Methodology for Home Automation Using Node MCU ESP8266

The home automation system utilizing the Node MCU ESP8266 is developed to control and monitor home appliances remotely via the internet.
The methodology for constructing this system is outlined below:

1. System Requirements Hardware: Includes Node MCU ESP8266, sensors (e.g., motion, temperature, humidity), actuators (e.g., relays,
motors), and connected devices (e.g., lights, fans, thermostats). Software: Requires the Arduino IDE for programming, and an MQTT broker
or cloud platform (e.g., Blynk, Thing Speak) for remote access.

2. Circuit Design The Node MCU ESP8266 serves as the central controller. It interfaces with sensors and actuators based on the required
functionality. Relays are employed to control AC appliances. Sensors collect environmental data such as temperature or motion. Sensors are
connected to the GPIO pins of the Node MCU, and actuators are configured to control the respective appliances.

3. Programming the Node MCU The Node MCU is programmed using the Arduino IDE. Custom code enables interaction with the connected
sensors and actuators. The controller is configured to connect to a local Wi-Fi network to facilitate remote communication. Application logic
is implemented to process sensor inputs and trigger

4. Web or Mobile Interface A user interface (web-based or mobile, e.g., Blynk) is used to transmit commands to the NodeMCU. The interface
also displays real-time data, including temperature, humidity, and the status of connected devices.

5. Cloud Integration (Optional)Integration with 10T cloud platforms (e.g., Thing Speak, Adafruit 10) is optional and provides global access
and monitoring. The MQTT protocol may be used to ensure efficient, lightweight communication between devices and servers, improving
scalability.

6. Testing and Calibration Hardware components and software code are subjected to thorough testing to verify system performance. The system
is evaluated for reliability, responsiveness, and functional accuracy, particularly for essential devices like lighting and security systems.
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MODELING AND ANALYSIS

Modeling and Analysis of Home Automation Using Node MCU ESP8266

1.System Architecture and Design:- The system connects the Node MCU ESP8266 to various household devices like lights, fans, thermostats,
and security systems. It establishes a Wi-Fi communication network, enabling seamless control via a mobile app or web interface. The
architecture clearly maps out how sensors (such as motion and temperature sensors) and actuators (like relays and motors) interact with the
Node MCU to execute automation tasks efficiently.

2. Simulation and Testing:- Before deploying the hardware, the system undergoes virtual testing using tools like Tinkercad and Proteus. These
simulations validate the behavior of sensor inputs (e.g., temperature and humidity) and actuator responses (e.g., switching appliances). The
setup also measures the Node MCU’s response time to commands sent through mobile or web interfaces, ensuring fast and reliable real-time
performance.

3. Performance Optimization:- To improve efficiency, the system monitors and analyzes power consumption across both the Node MCU and
the connected devices. It incorporates energy-saving features such as microcontroller sleep modes and low-power sensors. Additionally, it tests
Wi-Fi signal strength and network reliability, particularly in larger environments where multiple devices are connected simultaneously.
4. Data Analytics and Automation Logic:- The system collects real-time sensor data to identify usage patterns, such as the most common times
lights are used. It applies predictive analytics to forecast appliance usage, enabling smarter control—like pre-adjusting the thermostat based
on past user behavior. Machine learning algorithms can also be integrated to enhance decision-making, allowing the system to continuously
improve its automation strategies.

5. Security and Scalability:-Security is built into the system from the ground up. It uses secure communication protocols (such as SSL/TLS)
and encrypted data transmission to protect user data and device control. sensors and actuators to ensure the system remains stable and
responsive

Material Required

* Node MCU (ESP8266-12E)

* 4-Channel Relay Module

* Jumper Wire

*5V 1Amp AC To DC Adapter

Software Requirements Arduino IDE —
Compiler Language
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Figure : Circuit diagram of Node MCU based home automation system
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Node MCU Programming Using Arduino IDE

To program the Node MCU using the Arduino IDE, the board must first be added to the IDE. This is done by entering the appropriate
board manager URL into the Arduino IDE preferences. Once the URL is added, install the Node MCU board from the Boards Manager

and select Node MCU 1.0 (ESP-12E Module) as the target board.

After setup, upload the code by modifying the SSID and password to match the smartphone hotspot credentials. The code connects the
Node MCU to the specified hotspot without requiring manual relay input identification, as the relay configuration is handled within the
Arduino IDE environment.

The microcontroller automatically uses the provided SSID (smartphone hotspot name) and password to establish the connection and
create an access point for controlling connected devices.

Water level monitoring can be found in many areas since before. The history of water level monitoring and controlling system are classified
based on:

RESULTS AND DISCUSSION

The system successfully controlled devices such as lights and fans through both mobile and web interfaces using the Node MCU ESP8266. It
accurately monitored real-time sensor data, including temperature, humidity, and motion, and responded effectively to environmental changes.
Remote access via internet-based platforms enabled users to operate appliances from any location with ease. Automation features helped reduce
power consumption by automatically turning off devices when they were not in use.

Throughout continuous operation, the system maintained stability with minimal connectivity interruptions. It also demonstrated strong
scalability, allowing seamless integration of additional sensors and appliances. Users reported high satisfaction, highlighting the system’s ease
of use and practical, reliable functionality.

CONCLUSION
This project effectively demonstrated the implementation of basic home automation using the Node MCU ESP8266. Devices were efficiently
controlled over Wi-Fi through both mobile and web interfaces. Real-time sensor data monitoring enhanced automation capabilities and

supported improved energy management.
The system proved to be cost-effective, user-friendly, and straightforward to set up. It also showed strong potential for future scalability and

integration with advanced smart home platforms.
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