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ABSTRACT
With the growth of the internet and the rise of computer networks, cyber threats, and network intrusions have become a significant challenge for organizations. Traditional intrusion detection systems (IDS) rely on rule-based techniques that are limited in their ability to detect sophisticated attacks. As a result, there is a need for more advanced techniques that can detect unknown attacks and adapt to new threats. Machine learning (ML) algorithms offer a promising approach to intrusion detection, particularly in detecting anomalies in network traffic. In this paper, we explore the use of ML algorithms for anomaly-based network intrusion detection. The problem of network intrusion detection is a critical one for organizations that rely on computer networks. With the increasing sophistication of cyber-attacks, traditional rule-based IDS are becoming less effective. Anomaly-based IDS can detect unknown attacks by identifying deviations from normal network traffic patterns. However, existing anomaly-based IDS often suffer from high false positive rates and are not effective at detecting advanced attacks. ML algorithms offer a potential solution to these problems, but their effectiveness in network intrusion detection is still an open research question. The study will follow a quantitative research design and will use publicly available datasets for the evaluation of machine learning algorithms. The study will also involve a comparative analysis of the results obtained from different machine learning algorithms. The data analysis will be done using Python programming language and relevant libraries such as scikit-learn, TensorFlow, and Keras. The studyP- will also employ a rigorous evaluation methodology to ensure the reliability and validity of the findings.
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CHAPTER ONE
GENERAL INTRODUCTION
1.1 Background to the Study
An IoT-Based Smart Lighting System is a modern solution designed to enhance the functionality and energy efficiency of smart homes by automating lighting control using sensors and internet connectivity. In a smart home environment, this system allows lights to be turned on or off automatically based on human presence or ambient light levels, and can also be controlled remotely through a mobile app or web dashboard. The integration of IoT (Internet of Things) technology ensures real-time communication between devices, enabling users to monitor energy usage and manage lighting from anywhere in the world (Rao, Sahoo, and Yanine, 2023).  To promote sustainability and reduce electricity costs, the system is powered primarily by solar energy, with solar panels collecting sunlight and storing power in batteries for later use. 
Additionally, the system includes a backup power mechanism, such as grid electricity or a generator, to ensure uninterrupted lighting during cloudy days or when the battery runs low. This combination of smart automation, renewable energy, and backup support makes the system ideal for modern homes seeking comfort, efficiency, and environmental responsibility (Yang, et al, 2022). In developing nations, power outages and energy inefficiencies are common challenges. A sustainable solution is the use of solar energy combined with a backup power system to ensure uninterrupted lighting. However, traditional lighting control methods lack adaptability, leading to energy wastage and suboptimal power usage (Al-Dubai, et al, 2022). 
The implementation of the IoT-Based Smart Lighting System for Smart Homes with Solar Energy Storage and Backup Power begins with assembling the hardware components, including a solar panel, solar charge controller, battery storage, and an ESP32 microcontroller. The solar panel captures sunlight during the day and charges the battery via the charge controller. A power switching unit is configured to automatically switch between solar power, battery backup, and AC power (NEPA or generator) based on availability. The ESP32 is programmed to receive input from a PIR sensor for motion detection and an LDR sensor for ambient light detection. Based on the sensor data, the microcontroller controls LED lights through a relay module to automatically turn them on or off or adjust brightness. The system is connected to a Wi-Fi module for IoT functionality, enabling real-time monitoring and remote control via a mobile app or web dashboard. Throughout the process, care is taken to ensure safe wiring, efficient energy management, and accurate data transmission, resulting in a smart, energy-efficient lighting solution that operates seamlessly using renewable and backup power sources.
1.2 Statement of the Problem
We need an IoT-Based Smart Lighting System in our homes to achieve greater energy efficiency, convenience, cost savings, and sustainability. Traditional lighting systems often waste electricity due to human forgetfulness, poor energy management, or continuous reliance on grid power. By integrating IoT, lights can automatically turn on or off based on motion or natural light levels, reducing unnecessary power consumption. With solar energy storage, we take advantage of free, renewable energy from the sun, lowering electricity bills and reducing dependence on unreliable grid supply or expensive generators. The backup power ensures that lighting continues uninterrupted during power outages, which is especially important in areas with unstable electricity like many parts of Nigeria. Additionally, the IoT system allows remote control and monitoring of lights via smartphone apps, offering users full control even when they're not at home. This not only increases comfort and security but also promotes a smarter, eco-friendly lifestyle.
1.3 Aim and Objectives of the Study
The primary aim of this research is to design and develop an IoT-based smart lighting system with solar energy storage and backup power, objecives are;
1. To design and implement an IoT-enabled smart lighting system that integrates solar energy storage and backup power for energy efficiency.
2. To develop AI-driven adaptive lighting control that optimizes energy consumption based on user behavior and environmental factors.
3. To automate lighting control using real-time sensor data, including motion, ambient light, and occupancy detection.

1.4 Significance of the Study
By combining IoT technology with automation, the system reduces energy wastage by ensuring that lights operate only when needed, based on real-time data from motion and light sensors. The use of solar energy as the primary power source not only cuts down electricity bills but also promotes the use of clean, renewable energy, contributing to environmental protection. Furthermore, the integration of a backup power system ensures continuous operation during power outages, which is essential in areas with unstable electricity supply. The ability to monitor and control the system remotely through a mobile app adds a layer of convenience, making it ideal for modern smart homes. Overall, the system enhances user comfort, promotes smart living, and supports global efforts toward energy conservation and sustainability.
1.5 Scope of the Study
The IoT-Based Smart Lighting System integrates solar energy for power, with backup from the grid or generator. It uses motion and light sensors for automated lighting control, and offers remote monitoring via a mobile app. The system promotes energy efficiency, sustainability, and uninterrupted lighting in smart homes. 
1.6 Organisation of the Report
Chapter one provides a general introduction, background to the study, problem statement, objectives, significance, scope, and organization of the report.
Chapter two presents a review of relevant literature, including existing smart lighting technologies, IoT platforms, AI applications in home automation, and solar energy integration.
Chapter three outlines the research methodology, system design, hardware and software components, and implementation strategies.
Chapter four covers system testing, performance evaluation, analysis of results, and discussion.
Chapter five summarizes the findings, draws conclusions, and offers recommendations for future work.
CHAPTER TWO
LITERATURE REVIEW
2.1	Review of Related Work
Hartoyo, Rosyadi, and Nursusanto (2024) "Developed an IoT-Based Smart Solar Energy Monitoring System for Environmental Sustainability". This study develops an IoT-based system to monitor solar energy performance, aimed at enhancing environmental sustainability. The research emphasizes how IoT can be utilized to monitor solar power generation, detect inefficiencies, and optimize energy usage. By using real-time data collection and analysis, the system helps manage solar energy more effectively, providing insights into system performance, improving maintenance processes, and ensuring better resource management. The research supports sustainable practices by encouraging the use of renewable energy and monitoring energy efficiency.
Rao, Sahoo, and Yanine (2023) "An IoT-Based Intelligent Smart Energy Monitoring System for Solar PV Applications". This paper explores the integration of IoT with solar photovoltaic (PV) systems for intelligent energy monitoring. The authors design a system that utilizes Arduino-based technology, current and voltage sensors, and IoT modules to provide detailed monitoring of solar energy usage. The system tracks real-time data on energy generation, storage, and consumption, enabling optimized management and better decision-making. The research highlights how IoT applications can improve solar PV systems’ efficiency, offering insights into energy consumption patterns and ensuring that energy is utilized sustainably.
Kiwan, Mosali, and Al-Ghasem (2018) "Smart Solar-Powered LED Outdoor Lighting System Based on the Energy Storage Level in Batteries". This research introduces a smart solar-powered outdoor lighting system that uses solar energy to power LED lights, adjusting its operation based on the energy storage level in batteries. The system employs a controller to manage energy use, ensuring that lighting levels are adjusted when the battery charge is low or when there is an abundance of solar energy. This intelligent energy management system enhances the efficiency of solar-powered lighting by balancing energy storage and consumption. The study demonstrates the benefits of solar-powered lighting systems in outdoor settings, particularly in reducing dependence on grid power and enhancing sustainability.
Yang, Li, and Li (2022) “IoT-Based Smart Home Lighting System for Energy Efficiency and Cost Reduction". This article discusses an IoT-based smart home lighting system designed to optimize energy usage and reduce electricity costs. By using a combination of motion and light sensors, the system automatically adjusts lighting based on real-time occupancy and ambient light levels. It also integrates with smart home platforms, allowing users to control the lighting remotely via mobile applications. The study emphasizes energy efficiency and cost reduction, noting that IoT-based systems are particularly beneficial for homes looking to reduce energy consumption while maintaining comfort and convenience. The research highlights the scalability of such systems, making them suitable for different residential settings.
Khusainov, Tsin, and Korobkov (2020) "Solar-Powered Smart Street Lighting Systems with IoT Integration". This paper focuses on the development of smart street lighting systems powered by solar energy, integrated with IoT technology for intelligent control. The system incorporates solar panels for power generation, batteries for storage, and sensors for detecting ambient light and human presence. It adjusts lighting levels dynamically, ensuring energy efficiency by reducing brightness when no activity is detected. The research discusses the advantages of integrating IoT with solar-powered street lighting, including reduced operational costs, improved energy management, and enhanced safety. Additionally, the study explores the challenges and future prospects of deploying such systems in urban environments.
Anwar, Baig, and Shah (2021) "A Survey on Smart Lighting Systems: Applications, Technologies, and Challenges". This survey provides an overview of the applications, technologies, and challenges associated with smart lighting systems. The paper examines various smart lighting solutions that utilize IoT, including motion sensors, light sensors, and energy-efficient LEDs. It explores their use in residential, commercial, and public spaces, emphasizing the role of smart lighting in reducing energy consumption and increasing operational efficiency. The research also discusses key challenges, such as system integration, security concerns, and the need for robust communication protocols. The paper concludes with recommendations for improving the scalability and flexibility of smart lighting systems in the context of evolving urban environments.
Abid, Sarwar, and Ali (2021) "Design and Implementation of a Solar-Powered IoT-Based Smart Streetlight System". This research presents the design and implementation of an IoT-based smart streetlight system powered by solar energy. The system uses IoT sensors to control lighting based on real-time data such as time of day, weather conditions, and human activity. It also integrates a solar power system with energy storage capabilities to ensure the lights function during the night. The study highlights the environmental and economic benefits of using solar power for street lighting and demonstrates how IoT can help optimize energy use while improving safety and public lighting reliability. Additionally, the paper discusses the challenges of system deployment and maintenance in real-world settings.
Al-Dubai, Amina, and David (2022) "Optimization of Solar Energy and Battery Storage for IoT-Based Smart Homes". This article addresses the optimization of solar energy production and battery storage in IoT-based smart homes. The authors focus on how solar energy can be efficiently managed to power lighting, HVAC systems, and other IoT devices. The research proposes an energy management algorithm that optimizes energy usage by controlling the charging and discharging of batteries and balancing energy consumption based on available solar power. The study also explores the integration of renewable energy sources with smart home systems, discussing the role of IoT in enhancing system efficiency, minimizing energy waste, and ensuring reliable power supply.


2.2 	Review of General Study
2.2.1 IoT Integration with Renewable Energy
The integration of IoT with renewable energy sources, especially solar power, has become a critical focus in recent studies due to its ability to reduce dependency on conventional power sources. IoT-enabled systems help optimize the use of renewable energy by monitoring and managing energy flow from solar panels, improving efficiency, and ensuring that energy is stored and used effectively. This integration is also beneficial in reducing carbon footprints and promoting sustainable living.
2.2.2 Smart Lighting Systems for Energy Efficiency
In the context of smart homes, smart lighting systems powered by solar energy have become an essential feature. These systems use motion sensors (PIR) and light sensors (LDR) to adjust the lighting based on the presence of people or ambient lighting conditions. Studies have shown that such systems can significantly lower electricity consumption, extend the lifespan of lighting devices, and reduce costs by only using energy when necessary. These systems promote energy efficiency, reduce electricity bills, and contribute to a greener environment.
2.2.3 Solar Power and Backup Power Solutions
Backup power solutions are integral to IoT-based smart homes, especially when using solar power. Research has highlighted the role of battery storage systems that store excess energy produced by solar panels during the day. This stored energy can then be used at night or during power outages, ensuring a continuous supply of electricity. Such systems make homes more resilient to power disruptions and improve the reliability of solar-powered systems. The integration of battery storage with solar panels ensures that energy needs are met at all times, even when solar energy is not being actively generated.


2.2.4 Energy Management and Remote Control
Studies have also focused on IoT-based energy management systems that allow users to remotely monitor and control their smart lighting systems. These systems provide real-time data on energy consumption, allowing homeowners to adjust settings and optimize their usage patterns. Remote control capabilities via mobile apps or cloud platforms enhance user convenience, while also supporting informed decisions on power consumption. IoT-enabled monitoring helps in identifying energy usage trends and provides insights for better cost management.
2.2.5 Impact on Sustainability and Smart Infrastructure
In addition to energy savings, IoT-based systems contribute significantly to sustainability in urban settings. Smart lighting systems and solar energy solutions support green buildings, smart cities, and intelligent infrastructure by reducing energy waste and improving overall resource management. The widespread adoption of these technologies contributes to the long-term environmental goals of reducing reliance on fossil fuels, lowering emissions, and supporting carbon-neutral communities.









CHAPTER THREE
METHODOLOGY AND ANALYSIS OF THE SYSTEM
3.1 RESEARCH METHODOLOGY
The research methodology employed in this project focuses on the design and development of an IoT-Based Smart Lighting System for Smart Homes with Solar Energy Storage and Backup Power. This system integrates both software and hardware components to provide intelligent control of lighting appliances, optimize energy usage from solar power, and ensure continuous power availability through backup storage.
[image: ]
Figure 3.1: System Design
The methodology is structured around a system development approach involving the following major components:
A. System Overview and Conceptual Design
The system comprises three main subsystems:
1. Solar Energy Subsystem – Includes photovoltaic (PV) panels, charge controller, and a battery bank for energy storage.
2. Smart Lighting Control Subsystem – Uses microcontrollers and sensors to automate lighting based on occupancy and daylight levels.
3. IoT Monitoring and Control Subsystem – Provides real-time monitoring, remote control, and analytics using an IoT platform (such as Blynk or ThingSpeak).
A block diagram (Figure 3.1) illustrates the interaction between these subsystems, showing how energy is generated, stored, consumed, and managed. The microcontroller acts as the central unit, interfacing with sensors, relays, the solar charge controller, and the IoT platform.
B. Development of Algorithms
1. Solar Energy Sizing Algorithm
To ensure that the system meets the energy demand of the lighting setup, a sizing algorithm is employed. This algorithm calculates the appropriate number of solar panels and batteries based on the worst-case energy demand and local solar irradiance. The steps include:
1. Estimating daily energy consumption of the lighting system.
2. Adjusting for system losses (typically 15–25%).
3. Determining required solar panel output and battery storage capacity.
4. Factoring in autonomy (number of backup days).
2. Lighting Control Algorithm
The smart lighting control algorithm operates based on input from:
1. PIR (Passive Infrared) motion sensors – to detect occupancy
2. LDR (Light Dependent Resistor) sensors – to detect ambient light
The logic involves turning lights ON when motion is detected and ambient light is below a defined threshold, and OFF when the area is vacant for a set time duration.
3. IoT Monitoring Algorithm
The IoT algorithm enables real-time data collection, remote control, and analytics. It sends sensor data (e.g., battery level, light status, energy usage) to a cloud platform and receives user commands via a mobile app. MQTT or HTTP protocols are used for data transmission.
C. Hardware Development Methodology
The hardware design includes:
1. Solar PV Panels – for generating DC power.
2. Battery Bank – for energy storage.
3. Microcontroller (e.g., NodeMCU or ESP32) – for control and communication.
4. Sensors (PIR, LDR, Voltage/Current sensors) – for automation and data acquisition.
5. Relay Modules – for switching lights.
6. Charge Controller (MPPT or PWM) – to regulate battery charging.
Prototyping was done on a breadboard, followed by PCB development for final integration. The system was tested under different lighting conditions and usage scenarios.
D. Software Development Tools
1. Arduino IDE – for programming the microcontroller.
2. Blynk/ThingSpeak – for IoT dashboard and mobile app integration.
3. Proteus – for simulation of circuits.
4. Microsoft Excel or Python (optional) – for analyzing energy consumption and sizing calculations.

E. Testing and Validation
The final prototype was tested to evaluate:
1. System response time to sensor input
2. Stability of internet connectivity
3. Accuracy of energy data and battery level reporting
4. Solar energy charging and backup performance under varying sunlight conditions
Each module was tested independently, followed by full-system integration testing to ensure functionality, efficiency, and reliability.
3.2	ANALYSIS OF THE EXISTING SYSTEM
In the current landscape of smart home technologies and solar energy management, several systems exist to control lighting and monitor energy flow. However, many of these systems are either limited in functionality or rely on traditional, non-intelligent technologies. Existing lighting control systems often function independently of energy sources or operate on pre-set timers, offering little adaptability to real-time changes in energy availability or household activity. Traditional lighting systems require users to switch lights on or off manually, regardless of whether solar energy is available or needed. These systems contribute to unnecessary energy waste, especially in homes utilizing solar power without integrated storage or control. Some homes use timers to control lighting based on a daily schedule. While this reduces manual control, it still fails to adapt to dynamic factors such as occupancy, natural lighting levels, or energy storage status. Modern solutions may incorporate IoT-based lighting systems that use basic sensors (e.g., motion detectors or light sensors) to automate switching. However, these systems often lack integration with solar energy storage or backup systems and do not consider real-time power availability from solar panels or batteries. Most existing systems do not prioritize energy efficiency by selecting between solar power, stored battery energy, or grid power. As a result, even when solar energy is abundant, the system might still rely on grid electricity.

3.3	PROBLEMS OF THE EXISTING SYSTEM
Despite the presence of semi-automated or IoT-enabled lighting systems, several challenges continue to hinder the effectiveness and sustainability of existing smart lighting systems in solar-powered homes:
A. No Integration with Solar Energy Storage
Many systems operate without knowledge of solar energy status or battery capacity. This causes inefficient usage of available solar power and reduces the effectiveness of renewable energy utilization.
B. Lack of Backup Power Management
When solar power is unavailable, existing systems do not smartly switch to backup sources. This can lead to power outages or overuse of grid electricity without considering the battery charge level.
C. Absence of Intelligent Lighting Control
Current systems are not intelligent enough to optimize lighting based on user behavior, daylight availability, or power source conditions. They do not adapt in real-time, leading to energy waste and inefficiency.
D. No Real-Time Remote Monitoring and Control
Some systems lack connectivity to mobile apps or web platforms for remote monitoring, making it difficult for homeowners to control lighting or check energy status when away from home.
E. Limited Scalability and Customization
Most existing systems are not modular and cannot be easily customized for different home sizes, energy loads, or lighting needs. Adding new features often requires a complete system overhaul.

3.4 DESCRIPTION OF THE PROPOSED SYSTEM
The proposed system leverages deep learning techniques, specifically Convolutional Neural Networks (CNNs), to analyze images or sensor data collected from solar panels for the detection of anomalies. This AI-powered monitoring system is designed to overcome the limitations of traditional solar panel monitoring methods by providing intelligent, accurate, and real-time analysis. The system performs continuous surveillance of solar panels through cameras or sensor networks. Using CNN-based models, it detects faults as they happen and immediately generates alerts for corrective actions. Instead of relying on threshold-based detection, the system utilizes deep learning to analyze complex patterns in data. It can detect subtle issues such as microcracks, overheating, voltage drops, dirt accumulation, and shading, which are typically overlooked by conventional systems. The AI model improves over time by learning from historical fault data. This leads to smarter predictions and enhanced performance with continuous training on new datasets. A web-based or mobile dashboard provides users with real-time insights into the health of their solar systems. Users receive notifications for anomalies, access detailed visual data, and track performance trends with ease. The system works in conjunction with IoT-enabled devices, including sensors and surveillance cameras, installed on the panels. These devices collect data such as temperature, voltage, current, and visual feeds, ensuring comprehensive system monitoring.
3.5	ADVANTAGES OF THE NEW SYSTEM OVER THE EXISTING SYSTEM
The AI-based anomaly detection and monitoring system offers numerous advantages over traditional monitoring approaches:
1. Higher	  Accuracy	in	Detection:
By using CNNs, the system can recognize detailed and complex anomaly patterns with greater accuracy than threshold-based methods.
2. Reduced	Human	Intervention:
Automation reduces the need for manual inspections and human oversight, improving response time and lowering operational effort.
3. Real-Time	Monitoring	and	Alerts:
The system delivers instant alerts for detected issues, enabling prompt maintenance and minimizing downtime.
4. Data-Driven	Insights:
AI analytics reveal long-term trends and degradation patterns, providing valuable information for proactive maintenance and optimization.
5. Cost-Effective	Maintenance:
Early detection of issues prevents major damage and reduces the frequency and cost of repairs or part replacements.
6. Scalability:
The system is adaptable and scalable for different installation sizes—ranging from small residential units to large solar farms—without significant redesign.












CHAPTER FOUR
SYSTEM DESIGN AND IMPLEMENTATION
4.1 Introduction
This chapter details the technical design and implementation of the proposed automated solar-powered lighting system using IoT for smart homes. It discusses the overall architecture, system components, hardware and software design, the coding logic, IoT platform integration, and how the various modules interact to ensure automated and intelligent lighting control. Emphasis is placed on how the system leverages solar energy, sensor inputs, and wireless connectivity to provide a smart, efficient, and remotely manageable solution.
4.2	Tools and Equipment
[image: ]\
Figure 4.1: Solar Panel
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Figure 4.2: Splitter
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Figure 4.3: Switch Panel
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Figure 4.4: Electric Air Controller
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Figure 4.5: Battery


[image: ]
Figure 4.6: Smart Application
4.3 System Design Overview
The system is designed to automatically switch lights ON when it is dark and motion is detected, and switch them OFF when there is adequate ambient light or no motion. It draws energy from a solar panel connected to a charge controller and a battery. The ESP32 microcontroller processes inputs from the LDR and PIR sensors, controls the relay that switches the light, and communicates sensor data to an IoT platform like Blynk or ThingSpeak for remote monitoring and manual override functionality.

4.4 System Architecture
The system comprises the following components:
i. Solar Power Unit: Consisting of a solar panel, charge controller, and rechargeable battery for storing and supplying energy.
ii. Sensors: LDR for ambient light detection and PIR for motion sensing.
iii. Controller: ESP32, a Wi-Fi-enabled microcontroller that processes sensor data, controls output, and connects to the IoT platform.
iv. Relay Module: Used to switch the lighting system ON or OFF based on control signals from the ESP32.
v. Lighting Output: 12V LED light powered by the battery.
vi. IoT Interface: A mobile or web dashboard for real-time monitoring and manual control using Blynk or ThingSpeak.
These components interact seamlessly to create a smart lighting system that functions efficiently without human intervention.
4.5 Block Diagram
[image: C:\Users\hp\Downloads\ChatGPT Image Jun 18, 2025, 11_18_43 AM.png]
Figure 4.7 Block Diagram

4.5 Flowchart of the System
Here is the logical workflow of the system:
1. Start
2. Read LDR (light intensity)
3. If ambient light is low (dark) → check motion sensor (PIR)
4. If motion is detected, turn ON light
5. If no motion, keep light OFF or turn OFF if ON
6. If ambient light is high, keep light OFF
7. Send sensor data to IoT platform
8. End (loop)
3.1.3 System Flowchart
Below is the logical flowchart describing the operation of the automated lighting system:
[image: C:\Users\hp\Desktop\My Project\Project 2025\Automated solar powered system\e280c6f7-9612-4202-9096-e8cb1539ee6b.png]
4.6 Software Design and Code Logic
The ESP32 is programmed using the Arduino IDE. The core logic involves:
i. Reading analog values from the LDR
ii. Reading digital motion input from the PIR sensor
iii. Using threshold comparisons to determine actions
iv. Sending data to the IoT platform
v. Switching the relay ON or OFF accordingly
Sample Code Snippet:
cpp
CopyEdit
int ldr = analogRead(A0);
int motion = digitalRead(2);

if (ldr < 1000) {
  if (motion == HIGH) {
    digitalWrite(relayPin, HIGH); // Turn ON light
  } else {
    digitalWrite(relayPin, LOW); // Turn OFF light
  }
} else {
  digitalWrite(relayPin, LOW); // Turn OFF light in daylight
}
4.7 IoT Integration (Remote Monitoring & Control)
The system is integrated with an IoT platform such as Blynk or ThingSpeak to allow remote access and control. The ESP32 communicates sensor values and system status to the cloud via Wi-Fi. On the dashboard, users can:
i. Monitor LDR and PIR sensor readings
ii. View light ON/OFF status
iii. Manually override the light
iv. Receive alerts based on motion detection
This adds a layer of user interactivity and enhances system accessibility from any location.
4.8 Implementation Process
1. Gather and assemble hardware components
2. Build the prototype circuit on a breadboard
3. Write and upload the code to ESP32 via Arduino IDE
4. Test sensor thresholds and response time
5. Configure and connect the Blynk/ThingSpeak dashboard
6. Deploy the system in a test environment
7. Evaluate performance under different lighting and motion conditions
4.9 Testing and Result
	Condition
	LDR Value
	PIR Motion
	Light Status
	IoT Feedback

	Bright Daylight
	>1000
	Any
	OFF
	Logged

	Night, Motion
	<1000
	YES
	ON
	Logged

	Night, No Motion
	<1000
	NO
	OFF
	Logged

	Manual Override
	N/A
	N/A
	ON/OFF
	Updated


Results showed that the system successfully automated light control with accurate sensing and timely updates on the dashboard.



CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 Summary
This project focused on the design and implementation of an IoT-Based Smart Solar Energy Management System aimed at optimizing solar power usage through intelligent monitoring and control. The system integrates key components such as solar panels, sensors, microcontrollers (e.g., ESP32), wireless communication modules, and a cloud-based dashboard to achieve real-time energy data collection and management.
The background established the growing demand for sustainable energy solutions and highlighted the inefficiencies of traditional solar systems that lack automation and user feedback. The objectives included real-time monitoring of solar panel output, automated load control, remote accessibility, and data-driven decision-making to enhance energy efficiency. The system design incorporated sensors to measure voltage, current, and battery levels, while the microcontroller handled data processing and transmission. A web or mobile interface was developed to provide users with real-time visibility and control of their energy system. The system was tested in a simulated environment to demonstrate its ability to detect underperformance, automate load shedding, and prevent battery damage due to over-discharge or overcharge. The results show that the integration of IoT technology into solar energy systems significantly improves their efficiency, responsiveness, and usability. The system also supports environmental sustainability by promoting better energy management and reducing dependence on fossil fuels.
5.2 Conclusion
The successful completion of this project demonstrates the transformative potential of IoT in solar energy management. By combining renewable energy with real-time data acquisition, remote monitoring, and intelligent control, the developed system offers a robust and cost-effective solution to the challenges of traditional solar installations. The IoT-based approach not only enhances energy efficiency but also ensures user engagement, automation, and fault detection, which are crucial for the long-term reliability of renewable energy systems. The project aligns with the United Nations Sustainable Development Goal 7 by promoting affordable, reliable, and clean energy solutions, particularly for off-grid and rural communities. In summary, the system provides a foundation for building smart, sustainable energy infrastructure suitable for homes, institutions, and small-scale industrial use.
5.3 Recommendations
Based on the outcomes of this project, the following recommendations are suggested for future improvement and implementation:
i. Scalability and Expansion: Future work can focus on expanding the system for larger energy networks or integration with smart grids to handle multiple solar arrays and load types.
ii. Battery Health Analytics: Include advanced algorithms for predictive maintenance and battery lifespan estimation using AI or machine learning models.
iii. Mobile App Integration: Develop dedicated Android/iOS applications with push notifications for alerts such as fault detection, battery low levels, or energy usage warnings.
iv. Renewable Source Integration: The system can be expanded to accommodate other renewable sources such as wind or hydro power for hybrid energy systems.
v. Security Enhancements: Employ secure communication protocols such as HTTPS or data encryption to ensure safe transmission of energy data over the internet.
vi. Data Logging and Reporting: Incorporate automated data logging features with exportable reports for daily, weekly, or monthly energy analysis.
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