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Abstract. The integration of Internet of Things (IoT) technologies is transforming homes by 
improving energy efficiency, safety, convenience, and even health. This paper presents the 
development of an IoT-enabled smart home automation system designed to enhance these aspects 
using cost-effective components and user-friendly control methods. The system utilizes the ESP8266 
microcontroller along with KY-018 Light and HC-SR04 Ultrasonic Sensors to collect environmental 
data. Core features include real-time visual feedback through LEDs and LCD I2C displays, and 
remote operation via a custom Android mobile application integrated through Firebase. Both 
automated and manual control modes are provided, ensuring seamless and adaptive responses to real-
world conditions. Experimental results confirm accurate detection and reliable control actions, 
demonstrating the practicality and scalability of this smart home automation system. 

Introduction 
The rapid advancement of technology has enabled the evolution of smart homes, greatly enhancing 
daily living through improved convenience, security, and energy efficiency [1]–[3]. Beyond these 
core benefits, smart homes also play a vital role in fostering healthier indoor environments by 
regulating lighting and air circulation, minimizing manual tasks, and supporting elderly and health-
related care through automation. This study focuses on the development of an IoT-based smart home 
automation system powered by the ESP8266 microcontroller [4]–[7]. The system incorporates KY-
018 Light Sensors and HC-SR04 Ultrasonic Sensors to monitor environmental parameters critical to 
home automation. These sensors work in tandem with LEDs and an LCD I2C display to deliver 
immediate visual feedback and system responsiveness [8]–[10]. 
Smart home automation has become increasingly important in tackling global challenges such as 
energy conservation, climate resilience, and technological accessibility [11]–[13]. Current systems 
often rely on advanced computing techniques like big data analytics, cloud services, and user-centered 
design to manage and optimize home environments [14]–[16]. Despite these advancements, the 
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widespread adoption of smart home technologies remains hindered by various barriers including 
technical complexity, high costs, unreliable internet access, and unfriendly user interfaces [17]–[19]. 
Addressing these challenges is crucial to improving the usability, affordability, and trust in smart 
home systems [20]–[22]. 
This research aims to develop a dual-mode IoT-enabled smart home system that integrates both 
automated and manual control mechanisms. The automated mode uses environmental inputs from 
sensors to trigger actions, while the manual mode allows users to operate devices remotely via a 
custom-built mobile application. The project involves the design and implementation of core 
hardware components, including the ESP8266 microcontroller, KY-018 Light Sensor, HC-SR04 
Ultrasonic Sensor, LEDs, and an LCD I2C display. The effectiveness of the system is evaluated in 
terms of sensor performance, algorithm responsiveness, and user interface reliability. Overall, this 
work demonstrates the potential of IoT to deliver a practical, adaptable, and health-conscious smart 
home experience. 

Methodology 
System Design 
This project adopts a dual-component methodology, comprising an Automatic Detection System and 
a Manually Controlled System, to create a comprehensive smart home automation solution. The 
Automatic Detection System utilizes sensors to enable hands-free, real-time management of home 
devices based on environmental data, automating tasks such as lighting, security, and energy 
regulation. In parallel, the Manually Controlled System empowers users with direct control via a 
custom mobile application connected through Wi-Fi, allowing for customization and manual 
overrides of automated settings. By integrating these two systems, the project achieves a balance 
between automation and user-driven control, enhancing safety, efficiency, and user convenience. This 
dual approach ensures a versatile and adaptive smart home system, contributing to an improved 
quality of life. 

Circuit Diagram and Implementation 
The Automatic Detection System leverages an ultrasonic sensor to measure the proximity of objects 
by emitting ultrasonic sound waves and calculating the time it takes for the waves to reflect off an 
object. This process determines the distance to the object and triggers specific automated responses. 
For instance, if the sensor detects an object within a predefined range 0 to 5 centimeters, it activates 
an LED light, enhancing visibility and security. Additionally, a light sensor is integrated into the 
system to complement the ultrasonic sensor by detecting ambient light levels and adjusting appliance 
settings accordingly. For example, under low-light conditions, the light sensor can trigger the 
activation of lights, ensuring seamless and efficient automation that adapts dynamically to 
environmental conditions. Figure 1 illustrates the schematic diagram of the Automatic Detection 
System, while Figure 2 depicts its circuit implementation on a breadboard. 
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Fig. 1. Schematic Diagram for Automatic Detection System 

 

 
 

Fig. 2. Circuit Implementation on Breadboard 
 
The Manually Controlled System, on the other hand, relies on a mobile application for managing the 
activation and deactivation of household devices. Through a successful Wi-Fi connection and user 
authentication, the application interfaces with the smart home system via the Firebase Realtime 
Database. This enables users to remotely control devices such as lights and appliances, providing 
flexibility and convenience. Designed for ease of use, the mobile application ensures that even users 
with minimal technical expertise can efficiently navigate its features to manage their home 
environment from anywhere with an internet connection. 

Result and Discussion 
Hardware Analysis 
The automatic detection system plays a vital role in the IoT-powered smart home automation project, 
with the HC-SR04 ultrasonic sensor as a key component. This sensor measures the distance between 
itself and an object using the following Eq. (1). 
 

D =  1
2

 T × C                                                                                                                          (1) 

Where D represents the distance, T is the time taken for the ultrasonic waves to reflect, and C is the 
speed of sound. Equation 1 forms the basis for calculating distances with reasonable accuracy in the 
system. 
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Fig. 3. Object Detection Distance Measurement 
 
The sensor was tested to detect objects at various specific distances: 10 cm, 6 cm, 4.5 cm, 4 cm, 3 
cm, and 2 cm. As shown in Figure 3, when an object falls within the range of 0 to 5 cm, the LED light 
is activated. If the object is beyond this range, the LED remains off. The hardware analysis focused 
primarily on evaluating the accuracy of the ultrasonic sensor. In this test setup, objects were placed 
at different distances, and the sensor's readings were recorded. These values were then compared 
against expected measurements to assess any deviation or error. For example, at a target distance of 
10 cm, the average measured value was 10.0657 cm, yielding an error percentage of -0.65%, 
demonstrating the sensor’s precision. 
The integration of the light sensor further enhances the overall system’s functionality. During 
nighttime, the system automatically activates outdoor lamps, and in the morning, it deactivates them. 
This automatic adjustment not only increases convenience but also contributes to energy efficiency 
by ensuring that lights are only used when necessary. 
Software Analysis 
The manually controlled system enables users to manage the smart home automation system through 
a dedicated mobile application. Developed using Android Studio, the app interfaces with the ESP8266 
microcontroller via Firebase Realtime Database, a cloud-based platform designed for real-time data 
synchronization. The mobile app incorporates an intuitive user interface to ensure ease of use for 
controlling household appliances remotely. Upon establishing a successful Wi-Fi connection, the app 
authenticates users through Firebase. Once authenticated, users can toggle devices on or off directly 
from the app, as illustrated in Figure 4. For example, when a user presses a button in the app, Firebase 
updates its database in real-time, sending a signal to the ESP8266 microcontroller to control the 
corresponding hardware, such as an LED light. 
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Fig. 4. Mobile Application 
 
This process guarantees real-time communication and precise control. For instance, if a user activates 
the living room LED via the app, Firebase immediately registers this input, and the ESP8266 
microcontroller processes the change to illuminate the LED. This integration demonstrates the 
system’s responsiveness and effectiveness. Table 1 shows the summary of system responses for 
different input conditions, illustrating how the sensors and control methods affect the automation 
behavior. 

 
Table 1. Summary of Input Conditions and System Responses 

Input Condition Sensor or Trigger System Response 
Object detected (≤5 cm) Ultrasonic Sensor LED ON, LCD displays “WELCOME 

BACK” 
No object detected (>5 cm) Ultrasonic Sensor LED OFF 
Low ambient light Light Sensor Lamp ON 
Bright ambient light Light Sensor Lamp OFF, LCD displays “Its 

Morning” 
App button: ON Firebase via Mobile App Specific LED ON 
App button: OFF Firebase via Mobile App Specific LED OFF 

Complete Design Analysis 
Automatic Detection System 
The light sensor was evaluated to ensure proper functionality under different lighting conditions. Its 
primary role is to manage lighting based on ambient light levels, enhancing energy efficiency. In the 
absence of light, the yellow LED, functioning as an outdoor lamp, illuminates as shown in Figure 5. 
This simulates real-world scenarios where the outdoor lamp automatically turns on at night when the 
sensor detects darkness. Conversely, during daylight, the light sensor disables the lamp to conserve 
energy. 
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Fig. 5. No Light Detected 

 
When ambient light is detected, as illustrated in Figure 6, the outdoor lamp LED turns off, and the 
LCD displays the message “Its Morning.” This dynamic response mirrors practical applications, 
where the system adapts to varying environmental conditions, contributing to sustainability and user 
convenience. 
 

 
Fig. 6. Light Detected 

  
The ultrasonic sensor was analyzed for its ability to detect objects within a specified proximity and 
automate responses accordingly. When the sensor identifies an object within a range of 0–5 cm, it 
triggers the LCD to display the message “WELCOME BACK,” and all LEDs light up, as shown in 
Figure 7 and Figure 8. In practical applications, the sensor can be calibrated for longer detection 
ranges, such as 2–3 meters, to control household appliances like lights, fans, or air conditioners. This 
adaptability enhances proximity-based automation, improving the overall functionality and 
convenience of the smart home system. Furthermore, users can customize the detection range to suit 
their specific needs, thereby enhancing satisfaction and usability. 

 

 
Fig.7. Object Detected 

 

Light Sensor 

LED (Outside) 
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Fig. 8. LED On After Object Detected 

Manual Controlled System 
The Manual Controlled System for home automation relies on a mobile application developed with 
Android Studio to manage device outputs. The process begins by establishing a Wi-Fi connection, 
followed by user authentication via Firebase. Once authenticated, users can control various household 
devices, such as LEDs in different rooms, directly through the app. This setup allows for remote 
control of devices, providing a convenient and user-friendly experience. Firebase enables seamless 
communication between the mobile app and hardware components, ensuring real-time data 
synchronization and efficient control of the smart home environment. 

 

  
 

Fig. 9. Light in All Room On 
 

After Before  
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Fig. 10. All Light Off  
 
Figures 9 and 10 illustrate the outputs of the smart home using the manual control method through 
the Android Studio-based application, with all outputs managed via this app interface. When the user 
presses a button for a specific room, such as Living Room, Kitchen, or Bedroom, the LED associated 
with that room turns on. The corresponding change is reflected in Firebase, where the ledStatus value 
is updated to 1, and the LED is activated. Conversely, when the red color appears on the button, 
indicating the LED should be off, the ledStatus value in Firebase is set to 0, and the LED turns off. 

Conclusion 

This project successfully demonstrates the integration of various hardware components, including the 
ESP8266 microcontroller, light sensors, ultrasonic sensors, LEDs, and an LCD display, alongside a 
custom Android application for efficient smart home automation. The system facilitates remote 
control and real-time data synchronization, significantly enhancing user convenience and operational 
flexibility. The testing phase confirmed the system's reliability and performance under different 
conditions, highlighting its potential for practical application in smart homes. Future improvements 
may include the use of more advanced microcontrollers with higher processing power to 
accommodate additional sensors and actuators. Enhancing sensor accuracy and reliability, integrating 
machine learning algorithms for predictive automation, and ensuring a stable power supply are crucial 
areas for development. Additionally, integrating face recognition technology for personalized access 
control and CCTV cameras for real-time surveillance could significantly enhance both the security 
and functionality of the system. 
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