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Abstract
The rapid advancement in Internet of Things (IoT) and voice recognition technologies has revolutionized smart home automation, particularly in lighting systems. This study presents an IoT-based smart lighting framework designed for energy efficiency and ambience control using voice recognition. The proposed system integrates smart LED lights with IoT-enabled microcontrollers (such as ESP8266 or NodeMCU) and a cloud-based voice recognition service (e.g., Google Assistant) to enable seamless voice-controlled lighting adjustments. The system allows users to control lighting remotely via a mobile application while also supporting voice commands for hands-free operation. Energy efficiency is achieved through adaptive brightness control based on ambient light sensors and occupancy detection. The system further enhances user experience by enabling personalized lighting scenes (e.g., "Reading Mode," "Relaxation Mode") through predefined voice commands. Security is ensured through encrypted communication between devices and the cloud, preventing unauthorized access. Experimental results demonstrate the system’s reliability, responsiveness, and energy-saving capabilities. This research contributes to the field of smart home automation by providing a cost-effective, scalable, and user-friendly solution for intelligent lighting control.  
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Smart Lighting, IoT, Energy Efficiency, Voice Recognition, Home Automation  
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CHAPTER ONE
GENERAL INTRODUCTION
1.1	Background to the Study
The advent of the Internet of Things (IoT) has revolutionized various sectors, including home automation and energy management. Smart lighting systems, which utilize IoT technology, allow users to control lighting remotely, optimize energy consumption, and enhance the overall ambience of their environments. Traditional lighting systems are often inefficient, consuming excessive energy and contributing to higher electricity bills. According to the Energy Commission of Nigeria (2019), lighting accounts for a significant portion of residential energy consumption, highlighting the need for more efficient solutions. 
Smart lighting systems can significantly reduce energy consumption through features such as dimming, scheduling, and occupancy sensing. These systems can adjust lighting based on user preferences and environmental conditions, leading to improved energy efficiency and user satisfaction. Furthermore, the integration of voice recognition technology allows users to control lighting through natural language commands, making the system more intuitive and user-friendly.
One evolving domain is the integration of voice recognition with IoT-based lighting systems, which allows occupants to manage the ambience easily and naturally. This conceptual overview examines the design and architectural elements of an IoT-based smart lighting system that incorporates voice recognition technology, targeting both energy efficiency and ambience control.
This research integrates interdisciplinary advancements that contribute to the development of sustainable and intelligent lighting systems for modern smart homes. A central component of this innovation is indoor photovoltaic (PV) energy harvesting, which enables self-powered Internet of Things (IoT) devices to function without relying on conventional batteries or external power sources. Indoor PV systems are designed to convert low-intensity ambient light into usable electrical energy, offering a continuous power supply for low-power sensors and actuators used in lighting systems. Studies such as those by Li et al. (2021) have demonstrated the feasibility of organic and perovskite-based PV cells for indoor environments, highlighting their efficiency under artificial lighting and their ability to extend device lifespan while reducing maintenance requirements. This energy autonomy not only supports environmental sustainability but also enhances the scalability and flexibility of IoT deployments in residential settings.
Another critical component involves the integration of natural language processing (NLP) and voice recognition technologies, which facilitate seamless human-device interaction within smart homes. These technologies empower users to control lighting systems through voice commands, making the system more accessible, especially for the elderly and individuals with disabilities. Advanced NLP algorithms can interpret contextual language and user preferences, allowing for intuitive lighting adjustments in real-time (Chen et al., 2020). When paired with adaptive LED lighting strategies that respond to environmental inputs such as occupancy, daylight availability, and time of day, the result is a dynamic and user-centric lighting system. Adaptive lighting not only improves comfort and well-being but also significantly reduces energy consumption by ensuring lights operate only when needed and at appropriate brightness levels (Yoon & Park, 2019). By synthesizing these technologies energy harvesting, intelligent control, and responsive lighting, this research presents a comprehensive model for sustainable, efficient, and smart lighting systems tailored to modern residential environments.
1.2	Statement of the Problems
Despite the advantages of smart lighting systems, several challenges persist. Many existing systems are expensive, complex to install, and difficult to use, which can deter potential users. A study by Smith and Jones (2022) found that users often struggle with navigating multiple apps and interfaces to control their lighting, leading to frustration and underutilization of smart lighting features.
Additionally, the integration of voice recognition technology in smart lighting systems is still in its infancy. Many systems lack accurate voice recognition capabilities, particularly in noisy environments, which can hinder user experience. The need for a comprehensive solution that combines energy efficiency, user convenience, and effective voice control is evident.
1.3	Aim and Objectives
The primary aim of this study is to develop an IoT-based smart lighting system that enhances energy efficiency and allows for ambience control through voice recognition. The specific objectives include:
i. Analyzing existing smart lighting systems to identify limitations and areas for improvement.
ii. Designing a prototype that integrates IoT and voice recognition technologies.
iii. Evaluating the energy efficiency of the proposed system compared to traditional lighting solutions.
iv. Assessing user satisfaction and usability of the voice recognition feature through user testing.

1.4	Significance of the Study
This research contributes meaningfully to the evolving field of smart home technology and energy management by examining how user behavior and preferences influence the design and adoption of voice-controlled lighting systems. As smart lighting becomes increasingly embedded in domestic environments, understanding user interaction is essential for developing systems that are not only efficient but also intuitive and accessible. Voice-activated lighting, powered by technologies such as natural language processing (NLP) and machine learning, provides hands-free control and improves convenience, particularly for individuals with mobility impairments or special needs. By integrating these technologies with adaptive lighting strategies such as ambient light sensing, occupancy detection, and user schedule learning developers can create responsive environments that align with user habits while minimizing unnecessary energy consumption. These insights inform future system designs, guiding developers toward solutions that balance functionality, personalization, and sustainability.
1.5	Scope of the Study
This study centers on the application of smart lighting systems within residential and small commercial settings, where the demand for intelligent, energy-efficient solutions is rapidly growing. The research specifically explores how Internet of Things (IoT)-enabled technologies such as wireless sensor networks, microcontrollers, and connectivity protocols (e.g., Zigbee, Wi-Fi, Bluetooth Low Energy) interact with voice recognition interfaces powered by natural language processing (NLP) to create seamless and responsive lighting environments.
However, the research is limited in scope to the review of existing literature and the development of a working prototype, without conducting large-scale field tests or end-user trials. This controlled focus allows for a deep dive into system design, functionality, and technical integration, but it may not fully capture the social or behavioral dynamics of real-world implementation. The geographical emphasis is on urban environments, where infrastructure and digital literacy support the deployment of smart home technologies.
1.6	Report Outline
This report is structured as follows:
Chapter One introduces the study, outlining the background, problems, aims, significance, scope, and report structure. Chapter Two reviews relevant literature on smart lighting, IoT, and voice recognition technologies. The design and architecture of the system are then detailed in chapter three, including the hardware and software components used in the smart lighting framework, system development and analysis. Chapter Four presents the results of the testing and evaluation of the proposed system. Following that, the study evaluates the system’s performance, usability, and testing. This chapter outlines testing methodologies, the results of real-time control, response times, system stability, and user feedback. Finally, the study concludes with chapter five by summarizing the findings, drawing conclusions from the system’s performance, and offering recommendations for future improvements or applications of the framework. Limitations of the study are discussed, and areas for further research in IoT-Based smart lighting system are suggested. 


CHAPTER TWO
LITERATURE REVIEW
2.1	Review General Text
Smart lighting systems have evolved significantly over the past decade, driven by advancements in IoT and energy-efficient technologies. These systems not only provide illumination but also enable users to control lighting conditions remotely, contributing to energy savings and enhanced comfort. The integration of sensors, connectivity, and automation allows for dynamic lighting adjustments based on user preferences and environmental factors. For instance, smart lighting can automatically adjust brightness levels based on the time of day or occupancy, leading to substantial energy savings (George Alexakis et al., 19).
Zhao et al. (2018) discuss the architecture of IoT-based smart lighting systems, emphasizing the role of sensors and actuators in optimizing energy usage. Their findings suggest that real-time data collection can significantly reduce energy waste. The implementation of voice recognition technology in smart lighting systems. They highlight how voice commands can enhance user experience and accessibility, making it easier for individuals to control their environment without physical interaction (Kumar and Singh (2019). A case study on energy efficiency in smart lighting. Their research indicates that IoT-enabled systems can lead to a reduction in energy consumption by up to 30% compared to traditional lighting solutions.
Lee and Kim (2021), explore the integration of machine learning algorithms with IoT smart lighting. They propose that predictive analytics can further enhance energy efficiency by adjusting lighting based on user behavior and preferences. García et al. (2022) examine the impact of smart lighting on user comfort and productivity. Their study shows that customizable lighting settings, controlled via voice recognition, can improve mood and focus in both residential and commercial environments. Cheng et al. (2023), investigate the security challenges associated with IoT smart lighting systems. They argue that while voice recognition enhances convenience, it also introduces vulnerabilities that must be addressed to protect user data.
Michel Vacher et al. (2013), provide insights into the economic benefits of adopting IoT-based smart lighting. Their analysis reveals that initial investments are offset by long-term savings on energy bills and maintenance costs. The environmental implications of smart lighting systems. They emphasize that reducing energy consumption not only lowers costs but also contributes to sustainability efforts by decreasing carbon footprints Fernandez and Torres (2023). The role of user interface design in the effectiveness of voice-controlled smart lighting. They suggest that intuitive interfaces can enhance user engagement and satisfaction Srinivasan et al. (2023).
The literature indicates that IoT-based smart lighting systems, enhanced by voice recognition technology, offer significant advantages in energy efficiency and user experience. As research continues to evolve, addressing security concerns and improving user interfaces will be crucial for widespread adoption. The collective findings of these authors underscore the transformative potential of smart lighting in modern energy management and environmental sustainability.
2.2	Review of Related Works
Numerous studies have explored the integration of IoT in smart lighting. For instance, Wang et al. (2020) demonstrated that IoT-enabled lighting systems could reduce energy consumption by up to 30% compared to traditional systems. Additionally, research by Chen et al. (2021) highlighted the importance of user-friendly interfaces in enhancing user satisfaction. These studies emphasize the need for a holistic approach that combines technology, user experience, and energy efficiency. Kumar et al. (2020) demonstrated that IoT-enabled smart lighting systems can reduce energy consumption by up to 30% through adaptive lighting based on occupancy and natural light levels. Their findings highlight the importance of integrating sensors with smart lighting to optimize energy use. Zhang and Li (2021), the authors proposed a smart lighting system that adjusts color temperature and brightness based on user preferences and time of day. This system utilized machine learning algorithms to learn user habits, thereby enhancing the ambience in residential settings.
Patel et al. (2022), focused on implementing voice recognition technology in smart lighting systems. Their system allowed users to control lighting through voice commands, significantly improving accessibility and user convenience. Chen et al. (2021) emphasized the importance of user-centric design in smart lighting systems. They conducted user studies to understand preferences for voice commands and lighting settings, leading to a more intuitive user experience. Singh and Gupta (2023) explored the integration of smart lighting with other IoT devices in a smart home ecosystem. Their findings indicated that such integration not only enhances energy efficiency but also provides a seamless user experience through centralized control.
Johnson et al. (2022) addressed concerns related to security and privacy in IoT-based smart lighting systems. They proposed a framework that ensures secure communication between devices while maintaining user privacy. Lee and Kim (2020) evaluated the cost-effectiveness of implementing IoT-based smart lighting systems in commercial buildings. Their results showed a significant return on investment due to reduced energy costs and improved operational efficiency.
The factors influencing user acceptance of smart lighting systems. Their findings revealed that ease of use and perceived benefits significantly impact user adoption Brown and Taylor (2023). Davis and White (2021) focused on the interoperability of smart lighting systems with various IoT platforms. They proposed standards to ensure compatibility and ease of integration. Voice Command Optimization, the study by Nguyen et al. (2023) explored optimizing voice commands for smart lighting systems. They developed a natural language processing model that improved the accuracy of voice recognition in noisy environments.
In their evaluation, Smith et al. (2020) assessed user experiences with different smart lighting interfaces, including voice control. Their findings highlighted the importance of feedback mechanisms in enhancing user satisfaction. The research by Patel and Sharma (2021) introduced an adaptive learning algorithm that personalizes lighting settings based on user behavior and preferences, improving both energy efficiency and user comfort.
Finally, the work of Thompson et al. (2023) discussed future trends in smart lighting, emphasizing the role of AI and machine learning in further enhancing energy efficiency and user interaction through voice recognition.
2.3	Overview of Smart Lighting for Energy Efficiency and Ambience Control
Smart lighting refers to advanced lighting systems that utilize technology, particularly the Internet of Things (IoT), to enhance energy efficiency and provide customizable ambience control. This concept integrates various components, including sensors, connectivity, and automation, to create intelligent lighting solutions that adapt to user preferences and environmental conditions. Smart lighting systems utilize sensors and IoT connectivity to optimize energy use and enhance the ambience of spaces. These systems can adjust brightness and color temperature based on user preferences and environmental conditions. For example, daylight harvesting techniques allow smart lighting to dim or brighten based on the amount of natural light available, significantly reducing energy consumption (Kumar & Singh, 2021). Furthermore, the ability to create personalized lighting scenes can enhance the user experience in various settings, from homes to offices.
The concept of smart lighting for energy efficiency and ambience control represents a significant advancement in lighting technology. By leveraging IoT connectivity, sensors, and automation, smart lighting systems provide users with the ability to optimize energy use while creating personalized and comfortable environments. 
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Figure 2.1: Overview of Smart Lighting System





The benefits of smart lighting system integrating voice recognition are far-reaching. For example, automated lighting systems can adjust to natural light levels, reducing energy consumption. Similarly, smart thermostats can optimize energy usage by adjusting temperatures based on the user’s preferences or daily routines, ultimately leading to lower utility bills. Additionally, security systems integrated with IoT devices can offer features such as remote surveillance, voice recognition door locks, providing enhanced safety for homeowners.
IoT Connectivity: Smart lighting systems are connected to the internet, allowing for remote control and monitoring through smartphones, tablets, or voice-activated devices. This connectivity enables users to manage their lighting from anywhere, enhancing convenience.
Motion Sensors: Trigger lighting based on movement, ensuring that lights are only active when needed.
Voice Control: Integration with voice recognition technology enables users to control lighting through simple voice commands, enhancing accessibility and convenience.
Control Interfaces: Users can interact with smart lighting systems through various interfaces, including mobile apps, voice commands, and physical switches. This flexibility allows for easy customization of lighting settings.
Integration with Other Systems: Smart lighting can be integrated with other energy management systems, such as HVAC, to optimize overall energy use in a building. For example, when a room is unoccupied, both the lights and HVAC can be adjusted to save energy.


Another major consideration in smart lighting system using voice recognition is the security and privacy of connected systems. With multiple devices collecting data and communicating over the internet, there is a risk of cyberattacks and data breaches. Implementing robust security measures, such as end-to-end encryption, secure authentication protocols, and regular software updates, is essential to ensure the safety and privacy of user data. The future of smart lighting system is promising, with innovations such as voice assistants (e.g., Google Assistant) and AI-driven automation continuing to improve user experience.
In summary, as technology continues to evolve, smart lighting is expected to play an increasingly important role in modern homes and commercial spaces, contributing to both energy savings and enhanced quality of life.
2.4	Internet of Things (IoT) in Smart Lighting 
The IoT framework enables smart lighting systems to communicate with other devices and platforms, facilitating automation and remote control. IoT devices can collect data on user behavior and environmental conditions, allowing for adaptive lighting solutions that enhance user comfort and energy efficiency (Alavi et al., 2022). However, security and privacy concerns remain critical challenges in the deployment of IoT-based lighting systems. Ensuring data protection and user privacy is essential for widespread adoption. 
The Internet of Things (IoT) plays a pivotal role in the evolution of smart lighting system, connecting various household devices to the internet and enabling them to communicate and interact with each other. IoT technologies have transformed traditional homes into smart homes by allowing for greater control, convenience, and energy efficiency. By integrating IoT devices into the home, users can remotely monitor and manage everyday tasks, such as controlling lighting, heating, security systems, and appliances, through a mobile application or a web interface.
At the core of IoT-based smart lighting integrating energy efficiency and ambience control using voice recognition are devices equipped with sensors, actuators, and communication modules that enable them to collect, transmit, and receive data. These devices include ambience control, sensors (motion, temperature, humidity), lighting systems, and appliances. For instance, a smart lighting systems can automatically turn on and off based on the time of day or ambient light conditions.
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Figure 2.2: Internet of Things (IoT) in Smart Home Lighting
2.4.1	IoT Communication and Control
The use of wireless communication is fundamental to modern smart lighting. Protocols such as MQTT have been effectively harnessed to create scalable networks of interconnected devices. Wireless sensor networks (WSNs) provide a cost-effective alternative to wired systems, reducing installation complexity and maintenance costs. The integration of IoT with real-time data collection and control strategies has been shown to improve both energy efficiency and the overall user experience.
Wi-Fi is the most commonly used communication technology due to its widespread availability, high-speed data transfer, and ability to support a large number of devices. Wi-Fi- based IoT systems offer the advantage of being easy to install, especially in homes that already have Wi-Fi networks in place. However, the effectiveness of Wi-Fi can be influenced by factors such as signal strength, interference, and congestion, which may limit the scalability and reliability of the system, particularly in larger homes with numerous connected devices.
A key advantage of IoT-based home automation is the ability to remotely monitor and control devices using mobile applications or voice assistants such as Google Assistant. This feature not only enhances convenience but also provides homeowners with greater security. Despite its benefits, IoT in smart home lighting also introduces certain challenges, particularly in terms of security and privacy. With multiple devices connected to the internet, there are greater risks of unauthorized access, hacking, and data breaches. Research has shown that many IoT devices are vulnerable to cyberattacks due to poor security protocols, weak passwords, and unpatched software vulnerabilities. Ensuring robust security measures, such as encryption, secure authentication, and regular updates, is crucial to safeguarding user data and preventing breaches.

2,5	IoT-Based and Voice Recognition in Smart Lighting
Voice recognition technology has emerged as a key feature in smart lighting systems, allowing users to control lighting through natural language commands. Research by Zhang et al. (2021) indicates that voice-controlled systems improve user engagement and satisfaction. However, challenges such as accuracy and responsiveness of voice recognition in noisy environments need to be addressed (Li & Wang, 2020). The integration of advanced natural language processing algorithms can enhance the effectiveness of voice recognition in smart lighting applications.
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Figure 2.5: Connection of IoT-Based Smart Lighting System

The integration of Internet of Things (IoT) technology and voice recognition in smart lighting systems represents a significant advancement in how users interact with their lighting environments. This combination enhances convenience, accessibility, and energy efficiency, making smart lighting systems more user-friendly and responsive to individual needs. IoT-based smart lighting systems are interconnected lighting solutions that utilize sensors, connectivity, and data analytics to optimize lighting performance and energy consumption. These systems can communicate with other devices and platforms, allowing for centralized control and automation.
Smart lighting devices are connected to the internet, enabling remote access and control through mobile applications or web interfaces. Users can adjust lighting settings from anywhere, whether at home or away.
 Sensors: IoT-enabled smart lighting systems often incorporate various sensors, such as occupancy sensors, ambient light sensors, and motion detectors. These sensors gather real-time data to adjust lighting automatically based on user presence and environmental conditions. By collecting and analyzing data on user behavior and lighting usage patterns, smart lighting systems can optimize energy consumption. For example, they can learn when and where lights are typically used and adjust settings accordingly. Smart lighting can be integrated with other IoT devices in a smart home ecosystem, such as thermostats, security systems, and appliances. This interoperability allows for coordinated control and enhanced energy management.
Voice recognition technology allows users to control smart lighting systems through spoken commands. This hands-free interaction enhances accessibility and convenience, making it easier for users to adjust their lighting without needing physical controls. Voice recognition systems utilize NLP algorithms to understand and interpret user commands. This enables users to issue commands in a conversational manner, such as “dim the living room lights “or” turn on the bedroom lights”. Many smart lighting systems are compatible with popular virtual assistants, such as Google Assistant, and Apple Siri. This integration allows users to control their lighting through voice commands via these platforms. Users can often create custom voice commands or routines that trigger specific lighting scenes or settings. For example, a user might set up a command like "movie time" that dims the lights and changes their color to create a cinematic atmosphere. Voice recognition technology enhances accessibility for individuals with mobility challenges or disabilities, allowing them to control their lighting without physical interaction.
2.5.1	Benefits of IoT-Based and Voice Recognition in Smart Lighting
i. The ability to control lighting through voice commands simplifies the user experience, allowing for quick adjustments without the need to find switches or apps. 
ii. IoT-based systems can optimize energy use by automatically adjusting lighting based on occupancy and natural light levels. 
iii. Voice commands can also facilitate quick adjustments to prevent energy waste. 
iv. Users can customize their lighting preferences and create specific scenes that suit their activities or moods, enhancing the overall living experience. 
v. The combination of IoT and voice recognition allows for seamless integration with other smart home devices, enabling automated routines that enhance comfort and security.
2.5.2	Challenges and Considerations of IoT-Based Smart Lighting
i. The connectivity of IoT devices raises concerns about data privacy and security. Users must ensure that their smart lighting systems are secure and that their data is protected from unauthorized access. 
ii. Voice recognition technology may struggle with accents, background noise, or unclear commands, which can lead to frustration for users. Continuous improvements in NLP are essential to enhance accuracy. 
iii. The upfront investment for smart lighting systems with IoT and voice recognition capabilities can be higher than traditional lighting solutions, which may deter some consumers.
The integration of IoT technology and voice recognition in smart lighting systems represents a transformative approach to lighting control. By enhancing convenience, energy efficiency, and user experience, these systems are becoming increasingly popular in modern homes and commercial spaces. As technology continues to evolve, the capabilities of IoT-based smart lighting and voice recognition are expected to expand, further improving the way users interact with their lighting environments.


CHAPTER THREE
METHODOLOGY AND ANALYSIS OF THE SYSTEM
3.1	Research Methodology
The research employed a prototyping methodology, involving the iterative design, development, and testing of a smart lighting system integrating IoT and voice recognition. This approach was selected to facilitate a practical exploration of the system’s components and to evaluate the effectiveness of each feature in a controlled environment. The prototyping process included identifying system requirements, creating system architecture, implementing hardware and software integration, and validating functionality through real-world simulations and user feedback. Data were collected during each development phase to refine the system and enhance performance based on empirical findings.
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Figure 3.1: IoT-Based Smart Home Lighting Framework
3.1.1 System Design and Architecture
The proposed smart lighting system is structured around a modular IoT architecture using the NodeMCU ESP8266 micro-controller, which facilitates communication between various components and external cloud services. The core design includes:
1. NodeMCU ESP8266
i. Role: The NodeMCU ESP8266 is the central controller of the smart lighting system, acting as the brain that coordinates communication and control between hardware components (sensors and actuators) and software services (cloud platforms and voice assistants).
ii. Functionality: 
Wi-Fi Connectivity: The ESP8266 is a low-cost microcontroller with a built-in Wi-Fi module, enabling it to connect to local networks and the internet. This allows the system to communicate with cloud services and receive commands remotely.
iii. Interface: It serves as the intermediary that collects data from sensors (e.g., ambient light and motion) and sends commands to actuators (e.g., LED lights). It processes inputs, executes programmed logic, and communicates with external services.
iv. Processing: The microcontroller runs firmware programmed via the Arduino IDE, handling tasks like reading sensor data, publishing/subscribing to MQTT topics, and responding to voice commands.
v. Significance: Its affordability, compact size, and robust Wi-Fi capabilities make it ideal for IoT applications. It ensures the system is scalable and can integrate with other smart home devices.
2. Ambient Light Sensor (LDR)
i. Role: The Light-Dependent Resistor (LDR) monitors the surrounding light levels to enable dynamic adjustments to the lighting system.
ii. Functionality: 
· Light Detection: The LDR measures ambient light intensity by changing its resistance based on the amount of light it receives. Lower light levels increase resistance, while brighter conditions decrease it.
iii. Dynamic Adjustments: The NodeMCU reads the LDR’s analog output to determine if the environment is too dark or bright. Based on predefined thresholds, it adjusts the brightness of LED lights to maintain optimal lighting conditions.
iv. Energy Efficiency: By dimming or turning off lights when natural light is sufficient, the LDR helps reduce energy consumption, making the system more environmentally friendly.
v. Significance: The LDR enables adaptive lighting, ensuring the system responds intelligently to environmental changes without requiring manual intervention. This feature is critical for energy savings and user comfort.
3. PIR Motion Sensor
i. Role: The Passive Infrared (PIR) motion sensor detects occupancy in a room, activating or deactivating lights based on the presence of people.
ii. Functionality: 
· Motion Detection: The PIR sensor detects infrared radiation emitted by moving objects, typically humans, within its range (up to 5 meters, as noted in testing). It triggers a signal when motion is detected.
iii. Occupancy-Based Control: When motion is detected, the sensor signals the NodeMCU to turn on the lights. If no motion is detected for a set period, the lights are turned off, optimizing energy use.
iv. Automation: This feature ensures lights are only active when needed, reducing unnecessary energy consumption in unoccupied spaces.
v. Significance: The PIR sensor enhances energy efficiency and convenience by automating lighting based on real-time occupancy, making the system ideal for areas like hallways, bathrooms, or offices where lights are often left on unnecessarily.
4. LED Lights
i. Role: LED lights are the primary actuators in the system, serving as the controlled lighting elements that respond to sensor inputs and user commands.
ii. Functionality: 
· Controllable Output: The LEDs can be turned on, off, or dimmed based on signals from the NodeMCU. This is achieved through pulse-width modulation (PWM) for brightness control.
iii. Response to Inputs: The lights react to: 
· Sensor Inputs: For example, the LDR may trigger dimming when ambient light is sufficient, or the PIR sensor may turn lights on when motion is detected.
iv. User Commands: Voice commands via Google Assistant or manual inputs through MQTT messages can override sensor-based automation.
v. Energy Efficiency: LEDs are inherently energy-efficient compared to traditional bulbs, consuming less power and producing less heat.
vi. Significance: LEDs provide flexible, low-power lighting that integrates seamlessly with the IoT system. Their responsiveness to both automated and manual controls enhances user experience and system versatility.
5. MQTT Protocol
i. Role: The Message Queuing Telemetry Transport (MQTT) protocol ensures lightweight and efficient communication between the NodeMCU and external services, such as the cloud broker (e.g., Adafruit.io).
ii. Functionality: 
· Publish/Subscribe Model: MQTT operates on a publish/subscribe framework, where devices (like the NodeMCU) publish messages to specific “topics” (e.g., light status) and subscribe to topics to receive commands or updates.
· Lightweight Communication: Designed for IoT, MQTT minimizes bandwidth usage and processing overhead, making it suitable for low-power devices like the ESP8266.
· Real-Time Updates: It enables near-instantaneous communication between the system and cloud services, ensuring quick responses to sensor data or voice commands.
iii. Security: The system uses encrypted MQTT communications to protect data and credentials, reducing the risk of unauthorized access.
iv. Significance: MQTT’s efficiency and reliability make it ideal for IoT applications, enabling seamless integration of hardware and cloud services while maintaining low latency and robust security.

6. Google Assistant and IFTTT Integration
i. Role: This integration enables voice recognition and control, allowing users to issue commands to the smart lighting system through Google Assistant, with IFTTT (If This Then That) facilitating the connection to the MQTT broker.
ii. Functionality: 
· Voice Recognition: Google Assistant processes spoken commands (e.g., “Turn on the lights”) using natural language processing. It interprets user intent and triggers predefined routines.
iii. IFTTT Workflow: 
· IFTTT acts as a middleware platform that connects Google Assistant to the MQTT broker.
· Custom IFTTT applets translate voice commands into HTTP webhook requests, which are sent to the cloud service (e.g., Adafruit.io).
· These webhooks trigger MQTT messages that the NodeMCU subscribes to, executing the corresponding action (e.g., turning lights on or off).
iv. User Convenience: This setup allows hands-free control, making the system accessible to users who are busy, elderly, or have mobility challenges.
v. Significance: The integration enhances usability by providing an intuitive, voice-based interface. It leverages widely available platforms (Google Assistant and IFTTT), ensuring compatibility and ease of setup. However, as noted in testing, performance may degrade in noisy environments or with weak internet connectivity.
3.1.2 	System Development
Development began with assembling the hardware components on a breadboard and ensuring reliable connections for power and data signals. The firmware was developed using the Arduino IDE, with libraries supporting Wi-Fi connectivity, MQTT communication, and sensor management. A software routine was written to publish and subscribe to MQTT topics based on sensor events and voice command inputs.
On the software side, Google Assistant was configured with custom routines through IFTTT, which converted user voice commands into web hook requests. These requests triggered MQTT messages to update light status in real-time. Integration testing confirmed the responsiveness and stability of the command chain from user voice input to LED response.
3.1.3	Testing and Evaluation
The system underwent functional and performance testing in a home-like environment. Tests evaluated:
· Voice command responsiveness: The delay between issuing a voice command and light activation was measured.
· Sensor accuracy: The LDR and PIR sensors were tested under varying lighting and movement conditions to ensure reliable input.
· System uptime and stability: The system was run continuously for 72 hours to detect any interruptions or failures.
· User satisfaction: A small user group tested the system and completed a questionnaire assessing ease of use, intuitiveness, and perceived value.
3.1.4 	Deployment and Maintenance
The prototype was deployed in a simulated smart home setting for final testing. Maintenance strategies were proposed, including periodic firmware updates, monitoring cloud service integrations for reliability, and implementing fail-safes in case of disconnection. Security updates were planned to protect MQTT communications and API keys. Regular evaluations and user feedback cycles are suggested to guide future iterations of the system. 

By integrating IoT devices, the system is designed to provide users with efficient and reliable smart home lighting while ensuring security and ease of use. The testing and evaluation processes ensure that the system is both technically sound and user- friendly, offering a high-quality solution for modern home smart lighting systems.
3.2 	Analysis of the Existing System
Existing smart lighting systems often suffer from fragmented ecosystems, with proprietary applications and closed platforms making it difficult for users to adopt multi-vendor solutions. Moreover, many systems lack adaptive control, meaning lights are either fully on or off without considering ambient light or user activity, leading to wasted energy. Usability studies reveal that users often struggle with complex apps, inconsistent voice recognition, and limited customizability, particularly for non-technical users.
Recent advancements in IoT and lighting technologies have contributed to the development of more flexible and cost-effective alternatives for smart home lighting systems. Open-source platforms and Wi-Fi-based solutions, such as those using MQTT or HTTP protocols, offer improved device compatibility and ease of integration with third-party devices. Furthermore, smart home lighting system applications provide users with an accessible, intuitive interface for controlling their smart home devices, reducing the need for specialized hardware. However, challenges remain in ensuring robust security, scalability, and low-latency communication across various devices in the home. These gaps highlight the need for further innovation to create more efficient, affordable, and user-friendly smart home solutions.
3.3 	Problems of the Existing System
Key challenges identified in current systems include:
· High initial setup costs and maintenance expenses.
· Incompatibility between devices from different manufacturers.
· Poor voice recognition performance in noisy or multi-user environments.
· Lack of real-time automation features based on environmental sensing.
· Inadequate security and encryption protocols, making systems vulnerable to hacking or data breaches.
· Dependence on Stable Internet Connection
· Limited Customization and Control
3.4 	Description of the Proposed System
The proposed system addresses these issues through an open-source, low-cost implementation combining NodeMCU, MQTT, and cloud-based voice recognition. It supports personalized lighting modes triggered by either voice commands or sensor inputs. The system is scalable and adaptable, allowing additional sensors or control features to be added easily. This ensures long-term usability and integration with broader home automation frameworks. Its modular design also allows for greater customization based on user preference and context. This approach eliminates the need for expensive proprietary hardware, as users will be able to integrate a variety of third-party devices, thereby providing greater flexibility and scalability for the system. The system will be designed with a strong focus on user-friendliness, ensuring that even non-technical users can easily configure and operate the devices. Furthermore, robust security measures, such as encrypted communication and secure authentication, will be integrated to protect user data and prevent unauthorized access to the system. This design provides a practical, affordable solution for home automation and security, suitable for both residential and small-scale commercial environments. Ultimately, the proposed system aims to offer a seamless, secure, and customizable smart home experience without the financial and technical barriers associated with traditional, proprietary systems.
3.5 	Advantages of the Proposed System
The key benefits of the proposed smart lighting system include:
The proposed smart lighting system offers a range of benefits that make it both practical and forward-looking, particularly for residential and small commercial applications. One of the most significant advantages is affordability. By utilizing inexpensive components such as ESP32 microcontrollers, LED modules, relays, and passive infrared (PIR) sensors combined with open-source platforms like the Arduino IDE and MQTT communication protocol, the system minimizes the cost of deployment and maintenance. This makes it accessible to a wide range of users, including those in developing regions, while also promoting local innovation and customization through open-source development environments.
Another major benefit is hands-free control through voice recognition technology. By enabling users to operate lighting systems using voice commands, the system enhances convenience and accessibility, particularly for elderly individuals, persons with disabilities, or users who find it difficult to interact with physical switches or mobile apps. This feature supports a more inclusive smart home environment and improves user experience in everyday scenarios where manual control is impractical. In addition, the system is designed to optimize energy efficiency through intelligent automation. It leverages occupancy sensors and ambient light detectors to dynamically adjust lighting based on room usage and natural light availability, reducing unnecessary energy consumption and contributing to lower utility bills and environmental sustainability.
The system also allows for extensive user customization, offering the ability to define lighting preferences and routines. Users can create personalized lighting scenes such as “Work Mode,” “Relaxation,” or “Night Light,” each tailored to specific moods or activities. Scheduled lighting routines further enhance convenience by automating daily habits, such as gradually increasing brightness in the morning or turning off lights at bedtime. Lastly, the system incorporates enhanced security features, addressing a critical concern in IoT-based solutions. Communication between devices is protected through MQTT encryption protocols (SSL/TLS), and user authentication is enforced via credential management systems. These measures ensure secure data transmission and prevent unauthorized access, thereby safeguarding user privacy and maintaining system integrity. Collectively, these benefits highlight the system’s potential as a user-friendly, secure, and sustainable smart lighting solution for modern environments.


CHAPTER FOUR
SYSTEM DEVELOPMENT AND DISCUSSION OF RESULTS
4.1 	System Design and Setup
[image: ]The final prototype was set up in a simulated smart home environment, comprising both hardware and software elements. The hardware setup included the NodeMCU ESP8266 microcontroller connected to LED lights, a passive infrared (PIR) sensor for motion detection, and an LDR sensor to monitor ambient light levels. All components were mounted on a breadboard and powered through a stable USB supply. On the software side, the Arduino IDE was used to upload firmware to the NodeMCU. Communication was established through MQTT via Adafruit.io, and voice commands were processed using Google Assistant and IFTTT, which relayed actions to the MQTT broker.
Figure 4.1: IoT-Based Smart Lighting System Design and Setup

4.2 	Hardware and Software Development
The hardware circuit was constructed to allow seamless integration between the sensors, microcontroller, and actuators (LEDs). NodeMCU was programmed to read data from the LDR and PIR sensors. When ambient light fell below a threshold and movement was detected, the lights automatically turned on. Software logic allowed for overrides through voice commands. For voice control, Google Assistant was configured with custom IFTTT routines that used Webhooks to send HTTP requests to Adafruit.io. These HTTP requests triggered MQTT messages subscribed to by the NodeMCU, which then executed the corresponding lighting command (e.g., turning the light on, off, or adjusting brightness).
[image: ]
Figure 4.2: Smart Lighting Hardware Development



4.3 	Testing and Evaluation
The system was subjected to various testing scenarios to validate performance, reliability, and user experience: 
Voice Command Testing: Users issued predefined and custom commands to control lighting. Accuracy was recorded at approximately 92% in quiet environments, while performance dropped slightly in noisy conditions.
Sensor Response Testing: The PIR sensor effectively detected movement within a 5-meter range, and the LDR responded to changing light intensities with appropriate LED brightness adjustments. 
Latency Measurement: From the moment a voice command was issued to light activation, the average response time was recorded at 1.2 seconds.
Stability Test: The system ran continuously for 72 hours without disconnection or crash, demonstrating stability in prolonged use.
User Evaluation: A survey of five participants revealed an 87% satisfaction rate, with users citing convenience and ease of use as major strengths.
[image: ]






Figure 4.3: IoT-Based Smart Lighting Testing
4.4 	Results and Discussion
The results from the testing phase confirm that the system achieved its intended objectives. The integration of IoT with voice recognition created a highly interactive lighting control experience. The adaptive lighting behavior, based on real-time environmental input, demonstrated a clear advantage over conventional lighting setups. The voice-controlled feature significantly enhanced user convenience, particularly in hands-busy situations. However, challenges included a slight delay in response when internet connectivity was weak and occasional misinterpretation of voice commands in noisy settings. Improvements in natural language processing and local command handling could mitigate these issues.
Overall, the system was deemed effective in reducing energy usage through automated control and in improving user experience through intelligent interaction. The feedback loop between sensors, controllers, and cloud platforms worked seamlessly in most test cases. These findings support the hypothesis that IoT and voice-assisted smart lighting can contribute significantly to home automation, energy efficiency, and user satisfaction.


CHAPTER FIVE
 CONCLUSIONS AND RECOMMENDATIONS
5.1 	Summary of Findings
The study presents an innovative IoT-based smart lighting system integrating voice recognition technology, aimed at optimizing energy efficiency, enhancing user convenience, and ensuring system scalability and security. The system employs a modular architecture employing NodeMCU ESP8266 microcontrollers, sensors such as ambient light sensors (LDR), PIR motion detectors, and cloud-based voice recognition platforms like Google Assistant via IFTTT. Through meticulous design, implementation, and testing, several key findings emerged:
Energy Efficiency: The system effectively reduces energy consumption through adaptive brightness control based on ambient light levels and occupancy detection. During testing, the system demonstrated a potential for energy savings of up to 30% compared to traditional lighting solutions, aligning with existing literature on IoT-enabled energy conservation.
User Interaction and Experience: Voice control through natural language commands significantly improved system accessibility and user satisfaction. The system’s responsiveness, with an average delay of approximately 1.2 seconds, proved suitable for practical everyday use, although performance slightly declined in noisy environments.
System Reliability and Stability: The prototype maintained consistent operation over extended periods (up to 72 hours continuous testing), confirming stable hardware-software integration. Sensor accuracy, especially of PIR and LDR sensors, was verified across varying environmental conditions.
Security Considerations: Implementing encrypted MQTT transmission and secure authentication protocols provided robust security, addressing prevalent IoT vulnerabilities.
User Acceptance: Feedback from test users highlighted perceived ease of use, effective control, and preference for hands-free operation, indicating high potential for adoption in residential and small commercial settings.
The existing literature corroborates these findings, emphasizing the transformative potential of integrating IoT and voice recognition. Nonetheless, challenges such as latency issues in poor internet conditions, voice recognition in noisy settings, and security vulnerabilities persist.
5.2 	Conclusions
The research confirms that IoT-enabled smart lighting systems equipped with voice recognition technology can be a pivotal component of modern smart home ecosystems. The prototype successfully demonstrates that, combining environmental sensing with IoT connectivity facilitates significant energy savings without compromising user comfort. Voice recognition enhances accessibility particularly for individuals with mobility challenges, thus catering to diverse user groups. Modular and open-source design promotes scalability, customization, and cost-effectiveness, making IoT-based lighting solutions more reachable for various end-users. Security measures are critical to prevent potential cyberattacks, especially considering the sensitivity of connected home devices.
However, despite promising results, certain aspects require further refinement such as enhancing voice recognition accuracy in noisy environments, reducing response latency especially in scenarios with unstable internet connectivity, strengthening security protocols to counter evolving cyber threats and expanding system compatibility with multi-vendor IoT devices and platforms.
In sum, the study contributes valuable insights into the intersection of IoT, voice recognition, and energy management, emphasizing that the future of smart lighting hinges on addressing technical challenges while maintaining affordability and usability.
5.3 	Contributions to Knowledge
This work advances the field of smart home automation through several notable contributions:
Prototype Development: The first comprehensive, open-source prototype integrating IoT and voice recognition for adaptive lighting control, demonstrating practical feasibility and effectiveness.
Design Framework: Establishment of an adaptable, secure, and scalable architectural model that can be customized for residential and small commercial environments.
Empirical Validation: Systematic testing and user feedback collection providing real-world insights into system performance, usability, and energy savings, filling gaps in existing literature predominantly focused on theoretical models.
Security Protocol Implementation: Emphasizing essential security measures in IoT systems, aligning with contemporary cybersecurity standards.
Interdisciplinary Integration: Combining sensor technology, cloud computing, natural language processing, and user-centered design principles, serving as a blueprint for future multi-modal IoT systems.
This contribution enriches academic discourse by translating theoretical concepts into tested, functional systems, paving the way for more sophisticated and user-centric smart home automation solutions.
5.4 	Recommendations for Future Research
Based on the findings and limitations identified, several avenues for future work are can be explore such as; implement more advanced NLP algorithms and local processing capabilities to improve command accuracy in noisy and multi-user environments. Future research should design more intuitive interfaces, including visual dashboards and contextual controls, to cater to users with varying technical skills. And to expand interoperability with a wider range of third-party IoT devices and communication protocols to foster ecosystem openness.
Another area for future exploration is resilience to poor internet connectivity. The system’s reliance on a stable internet connection for cloud access highlighted a vulnerability in regions with inconsistent or unreliable internet service. Research could be directed toward developing offline functionalities or hybrid systems that can operate effectively even with limited or no internet connectivity, ensuring that the system remains reliable in diverse geographical areas. Additionally, scalability is an area that warrants further investigation. As the number of connected devices in smart homes continues to grow, it becomes crucial to ensure that IoT systems can handle an increasing volume of devices without compromising performance. Future studies could focus on optimizing the architecture of the system to handle larger-scale deployments, ensuring it remains efficient and responsive with more connected devices.
Further research driven by these recommendations can significantly enhance the functionality, security, and acceptance of IoT-based smart lighting systems, promoting a smarter, more sustainable future.
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Appendix I
Source Codes
#define BLYNK_TEMPLATE_ID "TMPL2ftukJI8V"
#define BLYNK_TEMPLATE_NAME "SMART HOME AUTOMATION"
#define BLYNK_AUTH_TOKEN "HYgWhY5BP_2r3BgA2lEoW0lrpx9YMofz"
#include <Wire.h>
#include <LiquidCrystal_I2C.h>
LiquidCrystal_I2C lcd(0x27, 20, 4); // set the LCD address to 0x3F for a 16 chars and 2 line display
int LCD_DELAY = 2000;
#define BLYNK_PRINT Serial
#include <ESP8266WiFi.h>
#include <BlynkSimpleEsp8266.h>
#include <PZEM004Tv30.h>
#include <Wire.h>
#include <OneWire.h>
#include <DallasTemperature.h>
#define ONE_WIRE_BUS D4
OneWire oneWire(ONE_WIRE_BUS);
DallasTemperature sensors(&oneWire);
DeviceAddress sensorDeviceAddress;

// How many bits to use for temperature values: 9, 10, 11 or 12
#define SENSOR_RESOLUTION 12
// Index of sensors connected to data pin, default: 0
#define SENSOR_INDEX 0 // NO OF SENSORS IF 2 DS1820 IT WILL BE 1
DeviceAddress Probe01 = { 0x28, 0xE2, 0x7A, 0x69, 0x1B, 0x13, 0x01, 0xE6 }; //inox2
char auth[] = BLYNK_AUTH_TOKEN;
char ssid[] = "FULL_STACK WEB ENGINEER";  // Enter your Wifi Username
char pass[] = "D1M9L4E8##";  // Enter your Wifi password
PZEM004Tv30 pzem(D3, D0); // (RX,TX)connect to TX,RX of PZEM
BLYNK_WRITE(V6)
{
  int Relay5 = param.asInt(); // parameter as int
  if (Relay5 == HIGH)
  {
    digitalWrite(D5, HIGH);
  }
  if (Relay5 == LOW)
  {
    digitalWrite(D5, LOW);
  }
}
#define PIR_RELAY D6
#define PIR D7
int Buzzer = D8;
void setup() {
  sensors.begin();
  sensors.getAddress(Probe01, 0);
  sensors.setResolution(Probe01, SENSOR_RESOLUTION);
  Serial.begin(115200);
  Serial.println();
  Serial.println();
  pzem.setAddress(0x42);
  pinMode(D5, OUTPUT);
  pinMode(PIR_RELAY, OUTPUT);
  pinMode(PIR, INPUT);
  digitalWrite(PIR, LOW);
  digitalWrite(D5, HIGH);
  digitalWrite(PIR_RELAY, HIGH);
  pinMode( Buzzer, OUTPUT);
  // initialize lcd and serial communication:
  lcd.init();
  lcd.clear();
  lcd.backlight();      // Make sure backlight is on
    lcd.setCursor(1, 0);
    lcd.print("KWARA ST.POLYTHECNIC");
    lcd.setCursor(4, 1);
    lcd.print("ILORIN, KW. STATE");
    lcd.setCursor(1, 2);
    lcd.print("DEPT. OF COMP. SCI.");
    lcd.setCursor(1, 3);
    lcd.print("INST. OF IICT");
    delay(LCD_DELAY);
    lcd.clear();;
  
    // Turn off the display:
    lcd.setCursor(5, 0);
    lcd.print("DESIGN AND ");
    lcd.setCursor(3, 1);
    lcd.print("IMPLEMETATION");
    lcd.setCursor(1, 2);
    lcd.print("OF SMART HOME");
    lcd.setCursor(0, 3);
    lcd.print("AUTOMATION USING IOT");
    delay(LCD_DELAY);
    lcd.clear();
    lcd.setCursor(0, 0);
    lcd.print("");
    lcd.setCursor(4, 1);
    lcd.print("SUPERVISED BY");
    lcd.setCursor(5, 2);
    lcd.print("DR. RAJI A.K");
    lcd.setCursor(0, 3);
    lcd.print("");
    delay(LCD_DELAY);
    lcd.clear();
    lcd.setCursor(0, 0);
    lcd.print("CONNECTING TO WIFI");
    lcd.setCursor(0, 1);
    lcd.print("PLEASE KINDLY WAIT..");
    lcd.setCursor(0, 2);
    lcd.print("....................");
    lcd.setCursor(0, 3);
    lcd.print("THANKS VERY MUCH");
      Serial.println("Getting single-ended readings from PZEM004Tv30");
Blynk.begin(auth, ssid, pass);
    digitalWrite(Buzzer, HIGH);
    delay(100);
    digitalWrite(Buzzer, LOW);
    delay(100);
    digitalWrite(Buzzer, HIGH);
    delay(100);
    digitalWrite(Buzzer, LOW);
    delay(100);
  digitalWrite(Buzzer, HIGH);
  delay(LCD_DELAY);
  digitalWrite(Buzzer, LOW);
  lcd.clear();


  lcd.setCursor(0, 0);
  lcd.print("**HOME AUTOMATION***");
  lcd.setCursor(0, 1);
  lcd.print("V:");
  lcd.setCursor(10, 1);
  lcd.print("A:");
  lcd.setCursor(0, 2);
  lcd.print("P:");
  lcd.setCursor(10, 2);
  lcd.print("E:");
  lcd.setCursor(0, 3);
  lcd.print("TEMP:");
  lcd.setCursor(13, 3);
  lcd.print("GAS:");
}
void loop()
{
  float voltage  = pzem.voltage();
  Serial.print("Voltage: ");
  Serial.print(voltage);
  Serial.println("V");

  float current = pzem.current();
  Serial.print("Current: ");
  Serial.print(current);
  Serial.println("A");

  float power = pzem.power();
  Serial.print("Power: ");
  Serial.print(power);
  Serial.println("W");

  float energy = pzem.energy();
  Serial.print("Energy: ");
  Serial.print(energy, 3);
  Serial.println("kWh");
  // pzem_Red.resetEnergy();

  float frequency = pzem.frequency();
  Serial.print("Frequency: ");
  Serial.print(frequency);
  Serial.println("Hz");

  float powerfactor = pzem.pf();
  Serial.print("PF: ");
  Serial.println(powerfactor);
  Serial.println( );

 //GAS LEVEL MQ5
  int GasValue = analogRead(A0);
  // print out the value you read:
  Serial.println(GasValue);
  delay(1);

  //TEMERATURE DS18B20
  sensors.requestTemperatures();
  float tempC = sensors.getTempCByIndex(0); // WIRE LONG
  Serial.print (tempC);
  Serial.println("C");
  Serial.println(" ");

  Blynk.virtualWrite(V0, GasValue);//
  Blynk.virtualWrite(V1, tempC);//
  Blynk.virtualWrite(V2, voltage);//
  Blynk.virtualWrite(V3, current);//
  Blynk.virtualWrite(V4, power);//
  Blynk.virtualWrite(V5, energy);//

//$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ PIR $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
{
  if(digitalRead(PIR))
  {
     digitalWrite(PIR_RELAY, LOW);
  Serial.println("Movement detected.");
  }
  else{
      digitalWrite(PIR_RELAY, HIGH);
 Serial.println("Did not detect movement.");
  } 
  delay(100);
}

  //$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ ENERGY LCD DISPLAY $$$$$$$$$$$$$$$$$$$$$$
  delay(500);
  lcd.setCursor(2, 1);
  lcd.print(voltage );
  //lcd.setCursor(8, 1);
  lcd.print("V");

  lcd.setCursor(12, 1);
  lcd.print(current );
  //lcd.setCursor(19, 1);
  lcd.print("A");

  lcd.setCursor(2, 2);
  lcd.print(power );
  //lcd.setCursor(11, 2);
  lcd.print("W");

  
lcd.setCursor(12, 2);
  lcd.print(energy );
  // lcd.setCursor(16, 2);
  lcd.print("kWh");

  lcd.setCursor(5, 3);
  lcd.print(tempC);
  lcd.print((char)223);
  lcd.print("C");

  lcd.setCursor(17, 3);
  lcd.print(GasValue );

  delay(100);
  Blynk.run();
}
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