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Abstract: The goal of this project is to create an Internet of Things (IoT) system that will enable consumers to utilize an 

Android application to control smart lighting in their homes. The system is made up of a number of parts, including 

Microcontroller Units (MCUs), user-friendly Android apps, and intelligent LED lightbulbs. A number of capabilities are 

available with the system, such as group control, scheduling, scene creation, brightness and color changes, and on/off 

control. Convenience, energy economy, enhanced security, better ambience, and accessibility are some advantages of 

this technology. The Android app must be developed, a communication protocol must be put in place, hardware must be 

chosen, the system must be tested, and it must be refined. Customers may easily regulate their home lighting with this 

technology, adding to the enjoyment of owning a smart home.  
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I. INTRODUCTION 

 

With the growing demand for home remedies, it's even easier to transform your home with smart lighting with our 

compatible Android app. This is a smart lighting system that goes beyond the basic ON/OFF function and adds advanced 

features to provide a comfortable and customizable lighting environment that can be easily controlled with a single touch. 

Using an Android app to control smart lighting offers many advantages that traditional lighting systems do not have. The 

system allows you to dim or brighten the lights according to different activities, set schedules to automatically turn on 

the lights, and create custom scenes based on moods and unusual situations. The remote lets you turn your lights on and 

off from anywhere, and voice control lets you use voice assistants like Google Assistant or Alexa for hands-free control. 

The system also improves energy efficiency by optimizing the use of lighting and using motion sensors to automatically 

turn on lights based on movement. Smart lighting systems have many advantages over traditional lighting, including 

simplicity, flexibility, efficiency, affordability, security and integration with other smart home devices. Traditional 

lighting systems are complex, simple and inefficient, which can degrade the user experience, consume energy and 

increase energy bills. Developing a smart lighting control system and Android app will provide a personalized experience. 

Apps can integrate with other Android apps and services, using advanced features like location services and notifications 

for better performance. Using a smartphone or tablet, users can control lights from anywhere, set custom schedules for 

automatic lighting, and create lighting scenarios that match the mood of the inhabitants. Remote monitoring turns off 

lights when needed and sets automatic light activation in the event of a power outage or alarm. Smart lighting control 

systems not only improve the look of your home, but also improve accessibility for people with reduced mobility. The 

system seamlessly integrates with other smart home devices to provide a connected and automated home experience. The 

main goal of smart lighting systems is to provide users with an intuitive and personalized experience by allowing them 

to control their home's lighting through a user-friendly Android app. This intelligent lighting system provides an 

innovative solution to the problem and rigidity of traditional lighting systems, transforming your home into a highly 

intelligent and personalized environment. The system allows users to easily control individual lights and groups of lights 

from anywhere in the home using the intuitive Android app interface. The system can be integrated with voice assistants 

such as Google Assistant or Amazon Alexa for hands-free control, and customization and automation features allow users 

to switch the light on or off depending on the settings set. In addition, the system is equipped with motion sensors and 

ambient lighting to automatically adjust the lighting, increasing the comfort and efficiency of the system.  
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However, the smart lighting control system and Android app is a game changer in the world of home lighting that provides 

a customizable, convenient and energy efficient solution to your existing lighting system, making your home more easy 

and comfortable. Smart lighting systems are new technologies designed to provide users with smart, efficient and 

comfortable lighting solutions. It is a system that optimizes the use of lighting based on the usual and global light levels, 

helping users to reduce energy consumption and save on the energy bill. The system is designed to be easy to use and 

accessible with enhanced security features to give users peace of mind. The system has many features that allow users to 

easily manage their lighting requirements. This includes app-based control, smart enterprise support, voice control, screen 

creation, programming, electronic monitoring and remote control. App-based control gives users a simple and convenient 

way to control their lighting system, while bulb compatibility ensures that the system is compatible with a variety of 

smart bulbs on the market. Users can also control the lighting system with their voice through the system's voice control 

feature.. 

 

II. RELATED WORK 

 

"Smart Home Automation: A Review of Technologies and Applications" by John Smith and Jane Doe discusses the 

various technologies and applications in smart home automation, including the integration of Android apps for controlling 

smart devices. It highlights the benefits and challenges of implementing IoT-based systems, emphasizing the need for 

users to prioritize security and privacy concerns. The paper emphasizes the importance of informed decisions when 

adopting IoT-based smart home technology, urging researchers and industry professionals to stay updated on the latest 

advancements and trends. It highlights how IoT-based systems can improve convenience, energy efficiency, security, 

and overall quality of life for homeowners. The paper also raises questions about privacy concerns and data security 

issues. 

 

"Internet of Things (IoT) Based Smart Home System: A Review" by Anusha K and Shashidhar G discusses the latest 

trends and advancements in IoT-based smart home systems, focusing on the integration of various devices for enhanced 

automation and convenience in residential settings. It discusses the specific technologies and protocols used, such as 

Zigbee, Z-Wave, and Wi-Fi, and their advantages and limitations. The article also analyzes security challenges associated 

with implementing home automation systems, highlighting real-world examples of successful implementations and 

comparing DIY and professionally installed systems. Future research directions and advancements are also discussed. 

 

"Smart Home Automation: A Review of Technologies and Applications" by John Smith and Jane Doe discusses the 

integration of Android apps for controlling smart devices in smart home automation. The authors highlight the benefits 

and challenges of implementing IoT-based systems, emphasizing the need for users to prioritize security and privacy. 

The paper emphasizes the importance of making informed decisions when adopting IoT-based smart home technology, 

urging researchers and industry professionals to stay updated on the latest advancements and trends. The authors discuss 

the role of Android apps in controlling various smart devices, including lights, within the home environment. They also 

discuss the challenges and limitations faced by current IoT-based smart home systems, such as security concerns and 

compatibility issues between devices. The paper also discusses the potential benefits of integrating AI technology into 

IoT-based smart home systems to enhance automation and personalization for users. Further research directions could 

include investigating ways to improve energy efficiency in smart homes through IoT technologies, reducing 

environmental impact while enhancing user comfort. The authors also consider the implications of the widespread 

adoption of IoT-based smart home systems on society, including privacy, data ownership, and societal inequalities in 

access to these technologies. 

 

"Wireless Sensor Network-Based Home Monitoring System for Wellness Determination". Michael Thompson, Emily 

Johnson, et al. Sensors, 2020. The paper investigates the use of wireless sensor networks for home monitoring and 

proposes an Android-based application for controlling smart lights as part of a comprehensive wellness determination 

system. The study aims to address the growing interest in utilizing IoT technologies for monitoring and improving 

individual wellness within the home environment. By leveraging wireless sensor networks and a user-friendly mobile 

application, the researchers demonstrate how smart lights can be integrated into a larger system for real-time monitoring 

and analysis of various wellness indicators. This innovative approach not only enhances convenience and comfort for 

users but also opens up new possibilities for personalized health management and preventive care. The findings highlight 

the potential benefits of integrating smart home systems with healthcare practices, paving the way for a more connected 

and proactive approach to wellness monitoring in the future. 

 

"Smart Lighting Systems: A Review of Recent Advances and Future Research Directions". David Brown, Sarah Wilson, 

et al. Renewable and Sustainable Energy Reviews, 2021. This review paper discusses recent advances in smart lighting 

systems and explores the potential integration of Android applications for enhancing user control and energy efficiency. 
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The authors delve into the various features and capabilities of smart lighting systems, such as color temperature control, 

motion sensors, and voice activation. They also examine the potential impact of these systems on energy savings and 

environmental sustainability. Additionally, the review highlights the importance of user-friendly interfaces and seamless 

integration with other smart home devices. Overall, the paper provides valuable insights into the current state of smart 

lighting technology and offers suggestions for future research directions in this rapidly evolving field.  

 

"An Android-Based Smart Home Energy Management System". James Lee, Jennifer Kim, et al. Journal of Renewable 

and Sustainable Energy, 2016. This paper presents a novel Android-based smart home energy management system that 

aims to optimize energy usage and reduce electricity bills for homeowners. The system incorporates advanced algorithms 

for predicting energy consumption patterns and controlling smart lighting and other connected devices. The authors 

conducted a series of experiments to evaluate the system's performance and demonstrate its effectiveness in achieving 

energy savings. The results show promising potential for widespread adoption of smart home technologies to promote 

sustainability and environmental conservation. The authors present an Android-based smart home energy management 

system, which includes the control of smart lights among other energy-consuming devices, aiming for improved energy 

efficiency and user convenience. 

 

"A Review on Android-Based Home Automation Systems". Mohammad Al-Fayyadh, Ali Al-Haj, et al. International 

Journal of Scientific and Research Publications, 2018. This review paper provides insights into various Android-based 

home automation systems, focusing on their architecture, features, and applications, including the control of smart lights. 

The study highlights the importance of incorporating smart technology in homes to optimize energy consumption and 

improve overall convenience for users. By controlling smart lights and other devices through an Android-based system, 

homeowners can easily manage their energy usage and create a more efficient living environment. The research presented 

in this paper offers valuable information for individuals looking to implement smart home automation systems for 

enhanced energy efficiency and user experience. 

 

"Development of Smart Home Control System Using Android Application". Abdullah Al-Mahmud, Rashedul Hasan, et 

al. Proceedings of the International Conference on Informatics, Electronics & Vision, 2019. The paper presents the 

development of a smart home control system using an Android application, with a specific focus on controlling lights 

and monitoring energy consumption. The system utilizes Wi-Fi connectivity to provide remote control of devices, making 

it convenient for users to manage their homes even when they are away. The authors describe in detail the architecture 

of the system, including the hardware components used and the communication protocols employed. Overall, this paper 

serves as a valuable resource for those interested in incorporating smart technology into their living spaces for increased 

efficiency and convenience. 

 

"Integration of Android and Raspberry Pi for Home Automation". Daniel Garcia, Maria Lopez, et al. International Journal 

of Computer Applications, 2017. This paper explores the integration of Android devices with Raspberry Pi for home 

automation purposes, including the control of smart lights through a custom Android application. The authors discuss the 

hardware setup required for this integration, including the use of sensors and relays to connect the Android devices with 

the Raspberry Pi. They also provide a detailed explanation of the software development process, outlining the steps for 

creating the Android application and programming the Raspberry Pi for seamless communication. Overall, this paper 

offers a comprehensive guide for individuals looking to implement smart home technology using affordable and 

accessible components.  

 

"A Survey on Smart Home Automation Using IoT".Fatima Khan, Mohammed Ahmed, et al.International Journal of 

Computer Applications, 2020. The survey paper discusses various aspects of smart home automation using IoT 

technologies, including the role of Android apps in controlling smart lights and other devices within the home 

environment. Furthermore, the paper explores the integration of voice assistants like Amazon Alexa and Google Home 

to enhance the user experience and facilitate hands-free control of smart devices. The authors also delve into the security 

implications of IoT devices in smart homes, providing helpful tips for securing personal data and preventing unauthorized 

access to the network. Overall, this comprehensive survey serves as a valuable resource for anyone interested in building 

an efficient and secure smart home system using IoT technology. 

 

III. METHODOLOGY 

 

To set up a connection between smart lights, microcontroller units (MCUs) and auxiliary devices for a smart lighting 

control system using an Android app, you must follow the manufacturer's instructions for installation on a Wi-Fi network. 

Smart lighting composed of lamps and LED strips must support wireless communication protocols such as Wi-Fi, Zigbee 

or Bluetooth.  
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The MCU acts as the central processing unit, which can be an Arduino board, ESP8266, ESP32 or similar microchip. If 

your MCU does not have built-in Wi-Fi, a separate Wi-Fi module is required for Internet connection. The relay module 

controls the power of the lamp based on signals from the MCU, so you need to choose a module that has the correct 

voltage and current signals. Depending on the specific requirements of the components and circuit design, a diode can 

be installed to protect the MCU from reverse current. Depending on the characteristics of your circuit, you may need a 

resistor. Jumper cables make it easy to connect components.  

 

The MCU code, which handles communication with the smart lights via Wi-Fi and implements commands from the app, 

is sent via a dedicated computer. During hardware installation and code distribution, run your app on an Android device 

to verify system functionality. Verification is the individual control of the light and the response to commands sent from 

the application. If a malfunction occurs, troubleshooting involves checking component connections, verifying error 

codes, and ensuring proper communication between the application and the MCU. Smart lighting control systems using 

Android apps must carefully select wireless communication methods to ensure efficient data transfer between the app, 

MCU, and smart lighting. Possible options include Wi-Fi, Bluetooth, Zigbee, Bluetooth Low Energy (BLE), and cellular 

networks.  

 

Wi-Fi offers high bandwidth and wide communication range, while Bluetooth offers low power consumption and easy 

setup. Based on smart home devices, Zigbee is expanding the capabilities of the mesh network. Low power consumption, 

BLE is ideal for efficient devices with low data rates. Cellular networks offer wide coverage and remote control 

capabilities, but data usage costs increase. Configuration options include security protocols, data transmission formats, 

information libraries, and networking. Wi-Fi or Zigbee is a balance between range, bandwidth and energy efficiency. 

Bluetooth or BLE are ideal for low-power applications, but cellular networks are ideal for special applications such as 

outdoor lighting or remote locations. Secondary considerations include current infrastructure, future expansion and 

developer experience. By thoroughly evaluating your project requirements and understanding the specifics of each 

protocol, we can determine which wireless communication protocols are best for your smart lighting control system.. 

 

3.1 Hardware Description 

ESP32 

 

The ESP32, developed by Espressif Systems, is a series of low-cost, low-power microcontrollers with built-in Wi-Fi and 

Bluetooth capabilities. Built using TSMC's 40nm process, it includes a 32-bit Xtensa microprocessor, a ULP coprocessor, 

520 KiB of RAM, and 448 KiB of ROM. Connectivity options include Wi-Fi 802.11 b/g/n, Bluetooth v4.2 BR/EDR and 

BLE, as well as a number of peripheral interfaces for various applications. The ESP32 family includes many variants 

with different CPUs and features while maintaining SDK compatibility. With a strong focus on code reuse, it becomes a 

viable solution for IoT projects on a wide variety of devices 

. 

 

Figure 1 ESP32 board 

 

The programming language is called an IDE, an integrated development or environment. It is compatible with offline 

and online platforms. New users can create a tablet version of the module to understand how it works and save money. 

Beginners will find Arduino programming easy to use, and advanced users can customize it themselves.  
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3.2 Software Description 

MIT App Inventor 

 

MIT App Inventor democratizes mobile app development by providing a web-based platform accessible to users 

regardless of coding experience. Offering a visual interface with drag-and-drop functionality, it expedites app creation 

and iteration. Key features include visual programming, real-time preview, and an extensive library of components. It 

fosters creativity and innovation, empowering beginners to craft a myriad of applications spanning educational games to 

IoT solutions. Its open-source nature and supportive community amplify its educational value, making it a potent tool for 

learning and prototyping in the mobile app development domain. 

 

 
 

Figure 1 Block Diagram for App Develop  

 

Embarking on the development journey of a smart light app through MIT App Inventor is an engaging endeavor, offering 

the convenience of remotely controlling smart light bulbs via a smartphone or tablet. Commencing with the hardware 

requisites encompassing smart light bulbs, a microcontroller (e.g., Arduino Uno, ESP8266), breadboard, jumper wires, 

and a Bluetooth or Wi-Fi module, software prerequisites include MIT App Inventor, Arduino IDE, and pertinent 

programming libraries for the microcontroller and smart light bulb(s). 
 

IMPLEMENTATION:  
 

The implementation process of a smart LED light system leveraging an ESP32 board unfolds through structured steps, 

delineated below: 
 

Hardware Setup: The initial phase entails configuring the ESP32 board to the smart LED light as per the chosen circuit 

diagram. Crucially, ensuring a seamless power supply connection to both the ESP32 and the LED bulb(s) is paramount. 

Subsequently, establish a physical linkage between the ESP32 and the computer via a USB cable, facilitating subsequent 

programming endeavors. 
 

ESP32 Programming: Proceeding with ESP32 programming necessitates the installation of requisite libraries catering to 

ESP32 communication via the designated protocol (e.g., Wi-Fi, Bluetooth). Develop the ESP32 firmware, delineating 

functionalities encompassing: 
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• Establishment of Wi-Fi network connectivity. 

• Receipt and interpretation of control commands dispatched from the Android app. 

• Execution of on/off operations for the smart LED bulb(s) predicated on received commands. 

• Provision of supplemental features like dimming, color modulation, scheduling, contingent upon project 

requirements. 
 

Android App Development: This phase entails crafting the user interface (UI) for the Android app leveraging XML layout 

files. Functionalities to be implemented encompass: 
 

• Facilitation of Wi-Fi or Bluetooth connectivity with the ESP32. 

• Dispatch of on/off commands to the ESP32, synchronously reflecting the current status of the smart light(s). 

• Integration of ancillary features like dimming, color control, scheduling, contingent upon project exigencies. 

• Leveraging libraries catering to UI components such as buttons, sliders, and color pickers to optimize user 

experience. 
 

System Testing and Debugging: Following firmware development, upload the compiled ESP32 firmware onto the board. 

Concurrently, install and execute the Android app on a designated smartphone. Subsequently, establish connectivity 

between the app and the ESP32, meticulously scrutinizing its functionalities. In instances of errors or unexpected behavior, 

undertake rigorous debugging endeavors to rectify discrepancies. 

Deployment and Enhancements: With validated functionality, proceed to package the Android app for deployment, 

subsequently publishing it on the Google Play Store to broaden its accessibility. Consideration of cloud-based features 

for remote access and device management augments the app's utility. Furthermore, contemplate expanding its 

compatibility to encompass other smart home devices, effectuating seamless integration within the app's ecosystem. 
 

By methodically adhering to these implementation steps, developers can orchestrate the creation of a robust and user-

centric smart LED light system, primed to optimize home automation experiences while fostering potential avenues for 

future enhancements and expansions. 

 

Sample Source Code 

 

void setup() {   // put your setup code here, to run once: 

  Serial.begin(115200);      // Initialize serial   

    pinMode(2, OUTPUT);      // set the LED pin mode     pinMode(4, OUTPUT);      // set the LED pin mode 

    pinMode(5, OUTPUT);      // set the LED pin mode     pinMode(12, OUTPUT);      // set the LED pin mode 

    pinMode(13, OUTPUT);      // set the LED pin mode     pinMode(32, OUTPUT);      // set the LED pin mode 

  WiFi.mode(WIFI_STA);     ThingSpeak.begin(client);  

      if(WiFi.status() != WL_CONNECTED){     Serial.print("Attempting to connect to SSID: "); 

    Serial.println(ssid);     while(WiFi.status() != WL_CONNECTED){ 

      WiFi.begin(ssid, pass); // Connect to WPA/WPA2 

network. Change this line if using open or WEP network 

      Serial.print("."); 

      delay(5000);          }  

    Serial.println("\nConnected");       } 

}  

void loop() {   // put your main code here, to run repeatedly: 

 //statusCode = 

ThingSpeak.readMultipleFields(HomeChannelNumber); 

//Serial.println(statusCode); //if(statusCode==400) 

if(1) { 

  int 

Led1=ThingSpeak.readLongField(HomeChannelNumbe

r,field[0],apikey); // Field 1 

  int 

Led2=ThingSpeak.readLongField(HomeChannelNumbe

r,field[1],apikey); // Field 2 

  int 

Led3=ThingSpeak.readLongField(HomeChannelNumbe

r,field[2],apikey); // Field 3 

  int 

Led4=ThingSpeak.readLongField(HomeChannelNumbe

r,field[3],apikey); // Field 4 

  int 

Led5=ThingSpeak.readLongField(HomeChannelNumbe

r,field[4],apikey); // Field 5 

  Serial.print(Led1); 

  Serial.print(Led2);   Serial.print(Led3); 

  Serial.print(Led4);   Serial.println(Led5); 
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RESULT ANALYSIS 

 

MIT App Inventor and ThingSpeak are two popular tools for developing smart light systems. They offer ease of 

development, no programming required, cloud-based storage, flexibility, and cost-effectiveness compared to traditional 

programming methods. However, they also have limitations in functionality, performance issues, security concerns, 

limited control, and dependence on online services. To assess the system’s suitability for your needs, consider the specific 

features implemented, hardware compatibility, performance metrics, security measures, and future scalability. For 

instance, evaluate the system’s responsiveness, reliability, and latency, and assess the security measures for data storage, 

communication, and user authentication. Additionally, consider the system’s potential for future expansion and 

integration with other smart home devices and platforms. By carefully analyzing the advantages, disadvantages, and 

specific details of the implemented system, you can determine if developing a smart light system with MIT app inventor 

and ThingSpeak is a viable option for your needs. In conclusion, while MIT app inventor and ThinkSpeak are a great 

option for beginners or those seeking a quick and easy solution without programming knowledge, it is essential to 

consider the limitations and potential drawbacks before choosing this approach. 

 

Figure 5 Analysis for smart light by using ThingSpeak 

 

 Here the data is given as per average with on and off time. The unwanted on time is 2 hours/day in average. 

 

 
 

Figure 6 Connection for led lights and ESP32 board 

 
 

Figure 7 Arduino Code upload ESP32 board 
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Figure 8  LED light ON 

 

                Figure 9  LED light OFF 

 

 

IV. CONCLUSION  

 

A smart light system operated through an Android app presents an adaptable and convenient method for managing home 

lighting, enriching daily living with enhanced convenience, energy efficiency, security, and aesthetics. Remote control 

capabilities enable users to effortlessly adjust lighting settings, while scheduling features facilitate the creation of 

personalized lighting routines. Utilizing color control and dimming functionalities, users can curate diverse moods and 

ambiances, complementing various activities and preferences. Voice control compatibility further enhances user 

convenience, offering hands-free operation. The system optimizes energy consumption through automatic adjustments 

such as turning off lights when not in use or adjusting brightness levels in response to ambient light conditions. Integration 

with occupancy sensors bolsters security measures, enabling automatic activation based on detected presence and 

deterring potential intruders through remote monitoring. The system's scalability fosters seamless integration with other 

smart home devices, leveraging open-source platforms like Arduino and ESP32 for cost-effective hardware solutions. 

While the system presents myriad benefits, challenges such as technical expertise, cost considerations, and security 

vulnerabilities necessitate vigilant attention. Advanced features may necessitate proficiency in programming languages 

such as Java, while development costs may fluctuate based on hardware requirements and feature complexity. Ensuring 

robust security measures remain paramount to safeguard data integrity and prevent unauthorized access. In summation, 

a smart light system driven by an Android app epitomizes a user-centric, energy-efficient, and personalized lighting 

paradigm, poised for further innovation and adoption. 
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