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Abstract: This paper explores the design and implementation of a Smart Home Automation System that
integrates the Blynk IoT platform, an infrared (IR) remote control system, and an OLED display using the
ESP32 microcontroller. The system aims to provide users with an intuitive, flexible, and efficient way to
control home appliances such as lights and fans, both locally via an IR remote and remotely through the
Blynk mobile app. By utilizing the ESP32's capabilities in Wi-Fi connectivity and PWM control, combined
with real-time status updates on an OLED display, this system enhances the user experience. The system is
designed for low cost, ease of use, and scalability in smart home applications.
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I. INTRODUCTION
A. Background
Home automation has evolved rapidly with the rise of the Internet of Things (IoT), where smart devices and systems are
interconnected and can be controlled remotely. The need for efficiency, comfort, and energy conservation has led to the
development of various smart home systems that allow users to control home appliances such as lights, fans, and
security systems from anywhere.
Traditionally, remote control systems have been limited to physical remote controls, but with IoT platforms, home
automation can now be extended to mobile apps, providing a new level of convenience. The integration of Blynk IoT
with IR remote control systems offers a versatile solution for home automation, combining both local and remote
control in a seamless manner.

B. Problem Statement

Existing home automation systems often rely on either mobile apps or traditional IR remote controls but rarely combine
both. This limits user flexibility, especially when local control (e.g., IR) is preferred or the mobile app is unavailable.
Additionally, real-time status updates are not always available for the user to monitor the system’s state.

C. Objective
The primary objective of this research is to design and develop a Smart Home Automation System that offers dual
control: one through a traditional IR remote and the other through the Blynk mobile app. The system also provides real-
time status monitoring via an OLED display, allowing users to manage and monitor their home appliances efficiently
and remotely.

D. Contribution

This paper presents a novel hybrid approach by combining IR remote control, Blynk mobile app, and an OLED display
for smart home automation. The system enhances user control flexibility, energy management, and provides a feedback
loop for device status updates. It contributes to both the academic field of IoT-based home automation and practical
applications for consumers seeking affordable and easy-to-implement smart home solutions.

II. RELATED WORK
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Blynk IoT Platform: Discuss how Blynk has been used in various IoT applications and its capability for controlling
devices over the internet. Mention studies where Blynk has been used for home automation and control of devices like

lights, fans, or temperature.

IR Remote Control in Automation: Review research on the usage of IR remote control in smart home systems,
highlighting its advantages and limitations. Mention how IR remote controls are limited by range and require a direct
line of sight OLED Displays in Home Automation: Discuss how OLED displays have been used for real-time
monitoring in home automation systems, highlighting their role in providing valuable feedback to users in smart

environments.
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Fig. 1: Block Diagram

III1. SYSTEM ARCHITECTURE AND DESIGN

1. Hardware Components

ESP32 Microcontroller: The core of the system, the ESP32 microcontroller is responsible for processing
commands from the IR remote and the Blynk mobile app. It also controls the output to devices (LEDs, fan)
and communicates with the OLED display. The ESP32 offers Wi-Fi connectivity, enabling remote control
through Blynk.
IR Receiver (TSOP38238): This component is used to receive the IR signals sent by the remote control. The
signals are then decoded by the ESP32 to control appliances.
Relay Module: The relay controls the fan’s power supply. The ESP32 controls the relay to switch the fan on or
off based on the command from either the Blynk app or the IR remote.
PWM Fan Control (ESP32): The ESP32 is used to adjust the fan speed by outputting a PWM signal. By
varying the duty cycle of the PWM, the fan’s speed can be changed in five discrete levels.
LEDs: Four LEDs are connected to the GPIO pins of the ESP32 and serve as control indicators for different
devices. They are also controlled through both the Blynk app and IR remote.
OLED Display: A 128x64 pixel OLED display is used to provide real-time updates on the system’s status
(LEDs and fan). The display is driven by the SSD1306 driver and provides visual feedback about which
devices are on/off, the fan's speed, and other relevant information.

Table 1: Hardware and Component Specifications

Component Specification/Description Purpose

Microcontroller ESP32 (ESP-WROOM-32) Controls all devices, connects to Blynk app and WiFi

IR Receiver TSOP1838 IR receiver module Receives IR signals from remote control

Fan Relay 5V Relay module Switches fan ON/OFF

Fan PWM Control | PWM control via ESP32 (Pin 25) Controls fan speed (0-255 PWM levels)

LED Pins GPIO Pins (13, 12, 15, 2) Controls four LEDs for hgh Pesostys

OLED Display 128x64 OLED (SSD1306) Displays the status of deV1 alndl\s ¢m information
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Power Supply 5V DC Adapter or USB Power Powers the entire system

WiFi Module ESP32 built-in WiFi Provides connectivity to Blynk cloud via WiFi

Relay Module 5V relay (SRD-05VDC-SL-C) Used to control the fan power

PWM Fan Control | 0-255 PWM (using ESP32 Pin 25) | Adjusts the fan speed

2. Software Components

e Blynk Library: The Blynk library allows the ESP32 to communicate with the Blynk mobile app. The app sends
commands to the ESP32, and in turn, the ESP32 sends updates back to the app, such as the current state of the
fan or LEDs.

e [Rremote Library: The IRremote library is used to decode the signals received from the IR remote control.
This allows the system to react to user input from the IR remote, switching devices on/off or adjusting settings.

e Adafruit SSD1306 Library: This library is used to control the OLED display and update the screen with real-
time data about the home automation system’s current status.

e 3. Communication

e  Wi-Fi: The system connects to a local Wi-Fi network through the ESP32, enabling communication with the
Blynk server and allowing remote control via the Blynk app.

e JR Communication: The IR receiver decodes the IR signals sent by the remote control, and the ESP32
responds by toggling the corresponding device or adjusting the fan speed.

e OLED Communication: The ESP32 sends data to the OLED display to provide status updates on the system’s
operation.

IV. IMPLEMENTATION
1. Hardware Setup
e  Circuit Design: Provide a detailed diagram of the connections between the ESP32, IR receiver, relay, LEDs,
and OLED display. Explain the GPIO pin assignments and how the devices are wired together.
e Power Requirements: Explain how the system is powered (e.g., ESP32 uses a 5V source, the relay and OLED
display have their own power sources).
2. Software Implementation
e Blynk Integration: Describe how the Blynk app is configured to control devices through virtual pins (V1, V2,
V3, etc.). Discuss how the virtual pins are mapped to specific device controls (e.g., turning LEDs on/off,
changing fan speed).
e IR Remote Control: Discuss how the IR signals are decoded using the IrReceiver.decode() function. Map the
button codes to specific actions, such as toggling the LEDs or switching the fan on/off.
e PWM Fan Control: Explain how the fan speed is controlled by adjusting the PWM signal on the ESP32. Use
the ledcWrite() function to change the fan speed levels based on the user's input from the IR remote or the
Blynk app.
e OLED Display Updates: Discuss how the OLED display is updated with device status. Explain how the
displayStatus() function is used to clear the screen and print updated information
Table 2: IR Remote Button Codes

Button IR Code (Hexadecimal) | Function (ON/OFF, High/Low)
LED 1 ON/OFF 0xF30CFDO02 Toggle LED 1

LED 2 ON/OFF 0xE718FD02 Toggle LED 2

LED 3 ON/OFF 0xA15EFD02 Toggle LED 3

LED 4 ON/OFF 0xF708FD02 Toggle LED 4

Fan Power ON/OFF | 0xE916FD02 Toggle Fan

Increase Speed 0xF20DFD02 Increase fan speed

Decrease Speed 0xE10EFD02 Decrease fan speed
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V. RESULTS AND EVALUATION
1. Functionality Testing
e LED and Fan Control: Conduct tests to ensure that the LEDs turn on/off correctly via both IR remote and
Blynk app. Similarly, test the fan’s on/off state and speed levels to verify that they are responsive.
e IR Range and Response: Measure the effective range of the IR remote control and ensure it works reliably
within a specified range. Test response times for commands sent from both the IR remote and Blynk app.

2. Performance Evaluation
e Accuracy and Reliability: Evaluate the accuracy of the IR remote signal decoding. Measure the latency for
commands sent from the Blynk app to the ESP32 and the OLED display’s responsiveness to real-time updates.
e  User Experience: Test the system with real users to evaluate its usability, particularly in terms of ease of setup,
app interface, and overall functionality.

VI. DISCUSSION
1. Advantages
e Dual Control: The combination of IR remote and Blynk app provides flexibility for users in different
environments or situations. This makes the system versatile and user-friendly.
e Real-Time Monitoring: The OLED display provides immediate feedback on the state of the system, which
enhances the user experience by confirming actions.
e  Cost-Effective: The system is built using affordable components (ESP32, IR remote, OLED display) while
offering robust functionality.
2. Challenges
e IR Range: The IR control system may be limited by range and line-of-sight, which can restrict its effectiveness
in larger rooms or complex layouts.
e  Wi-Fi Dependency: The Blynk app depends on Wi-Fi connectivity, which may cause issues if the network is
unstable or unavailable.
e System Scalability: While the current system supports basic devices like lights and fans, scaling it to support
additional devices (e.g., air conditioning, security systems) would require careful planning and possibly more
powerful hardware.

VII. FUTURE SCOPE
While the current implementation of the Smart Home Automation system provides a solid foundation for home
automation and control through IR remotes, mobile apps, and IoT integration, there are several areas where this system
can be expanded and improved. The following are some potential directions for future work:
Integration with Additional Smart Devices: The current system primarily controls basic devices such as fans and lights.
Future work can focus on integrating a broader range of smart devices, including smart appliances, security cameras,
and home sensors (e.g., temperature, humidity, motion). This would allow users to control more devices through a
centralized platform.
Artificial Intelligence and Machine Learning: One potential enhancement is the integration of Artificial Intelligence
(AI) and Machine Learning (ML) algorithms to predict user behavior and automate the system based on patterns. For
example, the system could learn a user’s preferences for lighting and fan speed based on time of day or activities,
adjusting automatically without manual input.
Voice Control Integration: Incorporating voice control through platforms like Amazon Alexa or Google Assistant can
provide hands-free control of devices in the smart home system. This would make the system more user-friendly and
accessible, especially for individuals with physical disabilities.
Enhanced Security Features: While the current system provides basic control, it can be enhanced with security features
such as biometric authentication (e.g., facial recognition or fingerprint scanning) for access control. Additionally,
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advanced encryption methods and anomaly detection algorithms can be implemented to ensure secure communication
between devices and protect the home from unauthorized access.

Energy Monitoring and Efficiency: To make the system more sustainable, integrating energy monitoring features would
allow users to track the power consumption of various appliances. By integrating energy-efficient protocols, such as
Zigbee or Z-Wave, and optimizing device usage, the system could help reduce overall energy consumption, promoting
a more eco-friendly smart home environment.

Cloud-Based Data Storage and Analysis: The system can be further developed by integrating a cloud-based platform for
storing and analyzing data from sensors and devices. This would enable remote access to the home automation system,
even when the user is away, and provide detailed analytics on device usage, energy consumption, and system
performance.

Interoperability with Other Smart Home Ecosystems: Future versions of the system could focus on interoperability with
popular smart home ecosystems such as Apple HomeKit, Google Home, or Samsung SmartThings. By ensuring that the
system can work seamlessly with other platforms, users would have more flexibility in managing their devices.

Local Control in Case of Internet Outage: One of the challenges with cloud-based smart home systems is dependency
on a stable internet connection. Future work could focus on implementing a local control mechanism where the system
continues to operate autonomously, even when the internet is not available, ensuring reliability during internet outages.

VIII. CONCLUSION
This paper presents a hybrid smart home automation system that leverages both IR remote control and Blynk IoT
platform to offer flexible, efficient, and user-friendly control of home appliances. The system also integrates real-time
feedback through an OLED display, enhancing the overall user experience. Future work can focus on expanding the
system’s capabilities by adding more devices and improving scalability.
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