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ABSTRACT
The increasing demand for secure and credible examination processes in academic institutions has led to the integration of advanced surveillance technologies. This project presents the design and implementation of a Smart Solar Computer-Based Test (CBT) Examination Monitoring System using CCTV cameras, with a specific focus on the Computer Science Laboratory of Kwara State Polytechnic. The system addresses key challenges faced in traditional examination monitoring, including limited invigilation coverage, susceptibility to malpractice, and frequent power outages. The proposed system combines solar energy as a sustainable power source with high-definition CCTV surveillance to ensure uninterrupted monitoring during examinations. The solar power subsystem consists of photovoltaic panels, charge controllers, batteries, and inverters, providing a reliable energy supply even in remote or power-deficient areas. The CCTV subsystem includes strategically installed IP cameras connected to a Network Video Recorder (NVR), enabling real-time monitoring and secure video storage. This project was implemented using both hardware and software components and was tested under various operating conditions. The result demonstrates improved security, reduced examination malpractice, and enhanced examination integrity. In addition, the system promotes environmental sustainability by utilizing renewable energy. Overall, the smart solar CBT examination monitoring system is a cost-effective, reliable, and scalable solution suitable for modern educational institutions seeking to uphold examination standards.
Keywords: Solar-Powered, CCTV Surveillance, Examination Monitoring, Renewable Energy and Educational Integrity
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CHAPTER ONE
INTODUCTION
1.1	Background to the study 
In recent times, surveillance systems have become essential tools for monitoring social behavior, enforcing control, recognizing potential threats, and preventing or investigating examination malpractices. The use of cameras and video technology to observe specific areas has significantly improved the reliability and effectiveness of monitoring processes. According to Amanze, Nwoke, and Amaefule (2016), the development of automated surveillance systems enhances the accuracy and credibility of monitoring. There is an urgent need for surveillance technologies that are both simple and cost-effective enough for everyday use in tertiary institutions, especially to ensure the integrity of academic assessments (Amanze, Nwoke, & Amaefule, 2016).
On the other hand, electrical energy is globally acknowledged as a critical driver of human development and economic growth. To meet the increasing demand for power, many institutions and communities are turning to renewable energy solutions. Among these, solar energy stands out as one of the most affordable, eco-friendly, and inexhaustible resources. It is widely used for heating, electricity generation, and even cooling in residential, commercial, and industrial applications. As highlighted by Mochamad Choifin and Achmad Fathoni Rodli (2021), solar energy offers numerous advantages, including pollution-free operation, long service life, and low maintenance requirements. Today, solar technology is utilized in various ways—ranging from heating water to powering entire facilities—making it a reliable and promising alternative to conventional power sources.
In fulfilling everyday life, most people need electrical energy that uses fossil fuels, continue to diminish energy that uses fossil fuels and have a detrimental effect on the environment, so clean and renewable energy supplies therefore, the use of solar power plants is developed when clean environmentally friendly, abundant and renewable energy. Solar power plants use photovoltaic modules to produce electricity by converting sunlight into electrical energy. (Albert Gunadhi, Diana Lestariningsih, David Leo Budi Teguh, 2020).
The use of solar system has increased in the last two years, the objective of the system is to power the system can be monitor using the current and voltage value sensed by the arduino, the system helps to implement in solar system for efficient usage, the electricity generated by capturing the sun light is called as solar energy which is used for different purpose. The atoms lose the electrons when the photons hit the solar cell, A solar panel is made of multiple panels that wired together, more electricity is generated by the solar panel, direct current is generated by solar panels most of the electrical appliance works on AC supply can AC can be less expensive for transmit to long distance. (Abhishek , Parikh et al, 2015).
Computer based testing (CBT) has become increasingly popular in recent years due to its efficiency, flexibility, and scalability. However traditional CBT system face several challenges including power outage, cheating and environmental sustainability (Rao, 2021). Smart solar CBT examination monitoring system that integrates solar power, real-time monitoring, secure authentication, the systems performance is evaluated through a case study, demonstrating its effectiveness. The proposed system has the potential to improve the integrity and security of CBT examination (Akazue Maureen, 2016).
This study showed a solar power smart system that was constructed utilizing then internet of things (IOT), using he zigbee, bluthooth, and gsm interfaces. The room’s various parameters are monitored and the application is controlled to provide improved connectivity, we designed an architecture that is extensible and allows for the co-existence of various data collection methods. It maintain a high level  of security by modifying and implementing preemptive step, it envisaged to long-term system with a clean energy source by installing a gride-connected solar root top system with smart metering. This proposed system can be expanded in unique ways if there is excess electricity crated it is fed into the grid (R. Nithish Kumar, M.S ethuraman, 2022).
The smart solar CBT examination monitoring system emerges as a pivotal response to the challenges faced by traditional examination methodologies, particularly in terms of integrity and accessibility. This system harness the dual benefit of renewable energy and digital technology, promoting a sustainable approach to conducting assessment in setting when conventional power source maybe unreliable by integrating intelligent monitoring features. It not only safeguards the examination process against malpractices but also ensure that assessors can maintain a thorough overview of candidate in real-time (Elias Stehle, Nicole Dupuis, 2017).
This project focuses on the design and implementation of a Smart Solar CBT Examination Monitoring System using CCTV cameras, specifically tailored for the Computer Science Laboratory at Kwara State Polytechnic. The system aims to enhance examination transparency, ensure continuous monitoring during CBT exams, and overcome the power supply challenges using solar energy storage and backup power systems.
1.2	Statement of the Problem
The increasing adoption of Computer-Based Testing (CBT) in tertiary institutions like Kwara State Polytechnic has brought about numerous benefits, including faster grading and reduced administrative workload. However, several challenges persist, particularly regarding examination malpractice, inadequate supervision, and unstable power supply, which often disrupt monitoring systems. Conventional CCTV surveillance systems rely heavily on grid electricity, making them unreliable during power outages. Additionally, manual invigilation remains insufficient in large CBT settings, leading to loopholes in exam integrity. Therefore, there is a critical need for a smart, solar-powered surveillance system that ensures uninterrupted monitoring, deters malpractice, and supports the credibility of CBT examinations.
1.3 Aim and Objectives
The aims of this research work Is to design solar power CBT examination monitoring system. The objective sets out by this research include the following ;
i. Installation of solar panel surveillance camera and inverter for the monitoring of the CBT examination center.
ii. Connection of installed cameras with the batteries.

1.4  Significant of Study
The importance of using smart solar CBT examination monitoring system is to provide a secure, efficient, and environmentally friendly, examination administration platform that ensure the integrity and validity of examination result, while also promoting sustainability and reducing costs. 

1.5 Scope of the Study
This study is limited to the design and implementation of a smart solar-powered CCTV surveillance system for monitoring CBT examinations. The case study focuses on the Computer Science Laboratory of Kwara State Polytechnic.
1.6 Organization of the Report
This project consists of five (5) chapters:
Chapter One: this deal with general introduction, statement of the problem, aims and objective, significant of the study as well as scope of the study, and definition of terms.
Chapter Two: it covers the literature and general review, this chapter view the past research work which were conducted by previous researchers on this particular project topic.
Chapter Three: this entails research methodology and analysis of the existing system, these give details of the methodology use in carrying out the research and system analysis. 
Chapter Four: Is the design of the system and implementation, as well as the documentation of the system.
Chapter Five: It contains summary, conclusion and recommendation.
1.7 Definition of Terms
Panel: A device that converts sunlight into electrical energy through photovoltaic cells.
Solar: is energy generated from the sun rays.
Battery: A device that stores electrical energy in the form of chemical energy.
Inverter: An electronic device that converts DC electricity into AC electricity.


CHAPTER TWO 
LITERATURE REVIEW
2.1   REVIEW OF RELATED WORK
Amanze, Ononiwu, Nwoke, Amaefule (2016), worked on video and monitoring system for examination malpractices in tertiary institutions and their Amis is to design and develop a video surveillance for monitoring institution examination. According to Asuru(1999), examination malpractice may not be limited to any one cause but series of factors which act in concert. Wokocha(1994), Williams (1995), Chioma(1995) and Brown(1996) indentified such factor as value system of the society, factors, emphasis on paper qualification, psychological factors, poor and inadequate teaching learning environment/facilities and admission policy as cause of malpractices in both internal and external public examination. The main strength of the system which is more advantageous method of monitoring the current system is to save the video clips to the storage media when motion is detected, other module is the capturing of image too, alarms can be set as well as to useful to reduce the burden on the exam admistrators also can play important role in current world of education to develop a system to automatically detected suspicious activity during examination can serve as a useful surveillance system for tertiary institution for a tertiary institution to progress and bring examination malpractice to a zero percent (0%) level. The monitoring system can  be  reliable and adequate system that provides a conducive and sater environment for the student and staff, monitoring system is an essential tool to ensure the objective.
Mochamad Choifin, Achmad Fathoni Rodli (2021) worked on renewable energy and solar panel, renewable energy systems and integrated renewable energy system are used to take advantage of available renewable source. Energy source play an important role in the generation of electrical energy because they function to overcome dependence on non-renewable resources, solar energy are the best option available to meet the demand for electricity the main sources for based system are solar PV system, wind power generation system, fuel cell (FC), micro turbines etc. renewable source are gaining more and populanty for domestic as well as industrial application due to their advantageous features, such as availability, reliability and environmental friendliness. Solar energy is considered a reliable promising and profitable energy source, it has various advantage such as pollution free, long life, low maintenance etc. solar energy is the most abundant source of energy that can meet community needs that com e from a sustainable economic development, the trend of increasing rapid PV energy use is associated with increase efficiency of solar cells energy as well as improvement in solar panel manufacturing technology. In many cases, desalination plants powered by non-renewable energy source rely on fossil fuel energy to power solar generation, resulting  in environmental pollution and greenhouse gass emissions, therefore, read power control is also effective way to regulate voltage interactions in a network distribution.
Albert Gunadhi, Diana Lestariningsih, David Leo Budi Teguh (2020), presented a journal on monitoring of solar panel voltage, however, the solar power plant needs to be improved optimization in the measurement of electrical quantities on power and efficiency that is still done with a millimeter and manual calculations. Measuring that solar power plant electricity need to be done regularly so that every condition can be monitored properly. One effective and efficient way to overcome this is to use a real time measurement system, currently solar power plants has developed even applied by the public in their own home. However, the condition of the installed solar panel plants cannot be fully monitored given the existence of other activities outside than home, so a real time online measurement system is needed in other to monitor the condition of solar power plants outside the home via a Smartphone or personal computer using an internet connection therefore an innovation is made related to this problem, the innovation in this research is “real time online monitoring of solar power panel voltage, current, power, and efficiency to Smartphone, web and email”. This tool uses the solar power plants system implementation with load of RV lamp and uses the internet as a data transmission. The advantage of these designed tools is that data can be accessed anywhere and anytime as long as the measurement data has been seat to the recipients email and can be monitored through the application using internet connection.
Abhishek Parikh et al. (2015) presented continuous monitoring the condition of detecting the faults to ensure him stable power delivery of solar pane in the remote area is our contribution in this paper. This paper describes the hardware and software implementation for fault detection and continuous monitoring system for solar panel in remote area. This research problem has been stated by engines working in solar panel maintenance system, as proposed solution to this wireless sensor nod is provided with voltage sensor, current sensor, light sensor, temperature sensor and dust sensor and XBeeS2 to implement WNS. Data are being continuously stored and monitored at central station call HUB and through that data are being sent to server Via Ethernet. A friendly GUI using python is implemented to visualize monitoring process and save data, the design system is built and satisfactory result has be obtained. The solar power monitoring system is the most important system which is used for renewable energy of sunlight, this system has the large future scope because the electricity is the most important need of the humans, and they used the electricity in their daily life. The solar power monitoring system used the Arduino Uno which is the microcontroller board, the solar energy is the renewable energy which is generated by sunlight, and the sunlight is the main source of the solar system.
S.S Rao (2021) presented a paper (book) on smart solar cbt and examination monitoring system, the system integrates solar energy harvesting and intelligence to provide a secure and environmentally friendly examination administration, aims of using (CBT) computer base test has led to the development of various examination system, however, traditional examination system face several challenges and environmental sustainability. In order to face those challenges the system architecture has to be applied which include: solar energy and is used to generate energy from sun and could be stored to the battery wireless communication module also use to connect the examination system to the internet, enabling remote monitoring and administration an artificial powered digorith used to monitor the process during examination to detect cheating, and provide fast feedback to the administrators. Energy efficiency the system consumption was measured and compared to traditional examination system, cheating detection was evaluated based on number of cheating incidents detected and efficiency administrative evaluated based on the time taken to administer examination and provide results. The result of this study demonstrate the feasibility and efficient of the proposed system, the system was found to be energy efficient of the proposed system, the system was found to be energy-efficient with a 30% reduction in energy consumption compared to traditional examination system. This study proposes  a novel smart solar powered ctb and examination monitoring system, it integrate solar energy harvesting, wireless communication and artificial intelligence to provide a secure, efficient, and environmentally friendly examination administrator platform.
Akazue Maureen (2016) presented a paper implementation of a smart solar cbt examination monitoring system. It has become increasingly popular in recent years due to its convenience, flexibility and scalability, however, CBT examination are vulnerable to malpractices such as cheating and impersonation. This paper proposes a monitoring system leverage solar power, real-time monitoring and secure authentication. The proposed system is implemented using a combination of hardware and software components, the hardware components include: solar panel, batteries, cameras, sensor, and biometric authentication devices. The software components include monitoring software, authentication software and communication software. A case study is conducted to evaluate the performance of the proposed system it involves implementing the system in a real-world examination setting and evaluating its effectiveness in reducing examination malpractices, the results show that the proposed system is effective in reducing examination malpractices the system’s real-time monitoring and secure authentication features help to prevent cheating and impersonation. 
R. Nithish Kumar, M. Sethuraman (2022) presented a journal on a smart based solar powered system design, the design of a solar powered  smart home with  a wireless sensor network is presented in this study which addresses smart energy management, smart healthcare, smart ventilation, and people management, the sensor network is stretched throughout the building, including the entrance gate, corridor, office. The solar panel provides energy to the smart house via an optimum PowerPoint tracking controller, which ensure maximum efficiency. It has a cheap cost of upkeep, in this study, the issues of security, fire, and health care monitoring are discussed as well as alternative solutions, when the owner is not present in the residence the system can activate in certain situations S.T.D, Kelly recommends using the internet of things (IOT) to monitor the environment in the home, office and manage the energy consumption of demotic equipment, the accuracy of sensing data is estimated to be around 95%  J.Byum et al, offered a cleaver solution. A solar power system is used to meet the energy needs of this proposed smart home the amount of solar irradiation falling on the panel and the temperature of the cell determine the supply of solar module for optimal performance. The system must be forced to use it MPPT. MPPT is a technique for transferring maximum power from PV module at different times of the day, we can’t use solar throughout the night or on cloudy days, so we store the energy in batteries to compensate.
Elias Stahl, Nicole Dupuis (2017), presented a paper on smart solar cbt examination monitoring examination integrity and implementing robust monitoring system are vital for preserving the credibility of education assessment when student believe that their performances are being evaluated fairly, they are more likely to engage earnestly in the learning process, fostering a culture of genuine scholarship. Incorporating smart solar technology into examination monitoring system enhance both the reliability and sustainability of educational assessments, by harnessing renewable energy from solar panels, institution can ensure that examination infrastructures remain operational, even during power outage, thereby facilitating uninterrupted examination processes. The aligns closely with the broader movement toward smart cities, which emphasizes the integration of information and communication technologies (ICTS) to improve public services and infrastructure efficiency. Moreover, smart solar solution enhance data collection and monitoring capabilities, enabling real-time feedback and intervention during examination, this facilitates a transparent and secure environment , essential for maintaining academic integrity. The synergy of renewable energy and advanced monitoring technologies not only contributes to sustainable practices but also fosters a resilient educational ecosystem, capable of adapting to the dynamic demands of modern examination methodologies. 
Vidyalakshmi (2020) worked on solar power monitoring the objective of this system is to power system can be monitored using the current and voltage value sensed by the arduino. This system helps to implement in solar for efficient usage, the electricity generated by capturing the sun light is called solar energy which is used for business and home purpose.. the atom lose the electrons when the photons hit the solar cells, A solar panel is made of multiple panels that wired together, more electricity is generated by the more panel w deploy, silicon like semiconductors are used to make the PV photovoltaic solar panel. Direct current is generated by the solar most of the electrical appliance work on Ac, supply can Ac can be less expensive for transmit to long distance many energy companies are expanding to offer solar which is among the best energy-efficient and lucrative sources of renewable electricity on the market . The solar panel are made up of pure silicon by creating some reactions on the carbon, silicon and hydrogen. Firstly to generate the pure silicon it means that to generate the hydrogen is added to that gases silicon then it forms the gases silicon then the pure silicon means polycrystalline, then it separated in the number of plants that plates are called as the silicon wafer that silicon wafers are added to the solar panels with the help of the panel the electricity is generated.
Matthew Ehikhamenle (2023) worked on computer based cbt examination monitoring system, in general examination I used to assess the extent to which educational objective have been met as well as the extent to which educational institution have contributed to the shaping of a specific environment. Educators must explore and investigate medium in order to provide assistance to the student on the other hand, technology has arrived and In a positive way has altered various aspects of people lives, assisting human in efficiency and accuracy for several years, there has also been a recent increase In interest in the development and use of computer based examination monitoring system in Educational assessment particularly in different countries when compared to traditional paper based tests. Computer based test (CBT) have numerous significant advantage including efficiency and immediate scoring, furthermore because of advanced technology capability smart cbt examination monitoring system allow for more genuine assessment. This research presents the development of a cbt examination monitoring system, many authentication schemes have been explored for the mode authentication because the goal of the system was to develop a model with enhanced security feature to avoided examination malpractices and also an application that provides  a different work space or work sheet where calculation can be solved, this system will also save the instructor from going through the pain of grading a specific student and the quick access to result will encourage serious distance education systems. 






CHAPTER THREE
RESEARCH METHODOLOGY AND ANALYSIS OF THE NEW SYSTEM
3.1 RESEARCH METHODOLOGY 
This chapter outlines the methods used in the design and implementation of the smart solar-powered CBT examination monitoring system. It includes system development stages, tools used, and the connection setup of the system components.
3.1.1	System Implementation
The system was implemented using a combination of hardware and software components. The hardware includes CCTV cameras, solar panels, batteries, charge controllers, and inverters. The software aspect involves surveillance software that allows real-time monitoring and recording of examination activities. The design adopts a modular approach to allow for easy maintenance and future upgrades. The system continuously records examination sessions, stores video footage securely, and runs entirely on solar power with battery backup.
3.1.2 Tools
The following tools and technologies were used in building the system:
Hardware Components:
i. CCTV cameras (IP-enabled for remote access)
ii. Solar panels (300W and above)
iii. Deep-cycle batteries (12V, 200Ah)
iv. MPPT charge controller
v. Pure sine wave inverter (1.5kVA or higher)
vi. Mounting hardware and wiring kits
       

Software Tools:
i. Video surveillance software (e.g., iVMS, Zoneminder, or custom NVR software)
ii. Mobile or desktop monitoring apps
iii. Operating system: Windows or Linux (for hosting the software)
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Figure 3.1: System Design
3.1.3: System Connection
The System Connection involves the setup and integration of various hardware components—CCTV cameras, solar panels, batteries, charge controllers, inverters, and the monitoring system—into a functional surveillance unit. The aim is to ensure seamless operation of the CCTV-based examination monitoring system powered entirely by solar energy. This connection ensures real-time video monitoring and recording throughout the CBT examination period, even in the absence of public electricity supply.
Below are the step-by-step procedures for connecting and setting up the smart solar-powered CCTV examination monitoring system:
Step 1: Site Inspection and Equipment Positioning
a. Conduct a physical survey of the Computer Science Laboratory to identify suitable camera positions and optimal sunlight exposure areas.
b. Determine locations for mounting CCTV cameras to capture wide angles of the exam hall.
c. Select a secure, ventilated area for placing the inverter, battery bank, and recording system (NVR/DVR or a server).
Step 2: Installation of CCTV Cameras
a. Mount CCTV (preferably IP cameras) at pre-determined angles to cover the exam hall comprehensively.
b. Use wall brackets or ceiling mounts for stability.
c. Ensure that each camera is securely fixed and protected from tampering.
Step 3: Solar Panel Mounting and Orientation
a. Mount the solar panels on a rooftop or a metal frame with the correct tilt angle to maximize sunlight exposure.
b. Face the panels southward (in Nigeria) for optimal efficiency.
c. Connect panels in series or parallel depending on voltage and current requirements.
Step 4: Charge Controller Connection
a. Connect the solar panel output to the MPPT (Maximum Power Point Tracking) charge controller.
b. The charge controller regulates the voltage/current going into the batteries, preventing overcharging or discharging.
c. Verify correct polarity (positive to positive, negative to negative).
Step 5: Battery Bank Installation
a. Install deep-cycle batteries in a cool, dry area to store energy generated by the solar panels.
b. Connect the batteries to the charge controller.
c. Use appropriately sized cables and protective fuses or circuit breakers.
Step 6: Inverter Setup
a. Connect the battery output to a pure sine wave inverter which converts DC power from the batteries into AC power for use by the CCTV system.
b. Make sure the inverter capacity matches or exceeds the total power requirement of the system (CCTV + NVR).
c. Test inverter output voltage and frequency.
Step 7: Powering the CCTV and NVR System
a. Connect the inverter AC output to a distribution board or directly to the CCTV system and NVR/server.
b. Ensure a stable power supply to all cameras and the central recording system.
c. Use Uninterruptible Power Supply (UPS) units if needed for extra reliability.
Step 8: Network Configuration (for IP Cameras)
a. Connect IP cameras to a local network using switches or PoE (Power over Ethernet) injectors.
b. Assign IP addresses to each camera for easy identification and configuration.
c. Connect the NVR or monitoring PC to the same network for data reception.
Step 9: Software Installation and Configuration
a. Install surveillance software (e.g., iVMS, ZoneMinder, or custom NVR interface) on the monitoring system.
b. Add all cameras to the software interface and configure video quality, recording schedules, motion detection, etc.
c. Set up local and cloud storage if needed.
Step 10: Testing and Calibration
a. Turn on the entire system and verify that cameras are recording and displaying correctly.
b. Test solar charging, battery discharge, and inverter performance.
c. Simulate power failure to ensure the system switches seamlessly to backup power.
3.2	ANALYSIS OF THE EXISTING SYSTEM
The existing examination monitoring system in the Computer Science Laboratory at Kwara State Polytechnic relies primarily on manual invigilation. Human supervisors walk around the examination hall during CBT sessions to monitor candidates' behavior. This method, while traditional, is limited in effectiveness, especially in large exam settings where a few invigilators cannot adequately observe all students at once. The lack of surveillance technology such as CCTV means there is no visual record for review in cases of suspected malpractice, and monitoring is entirely dependent on the attention and presence of the invigilators, which can be inconsistent due to fatigue or oversight. Moreover, the current system is heavily dependent on the national electricity grid, which is often unstable. Power outages during CBT examinations can lead to serious disruptions, affect system performance, and halt exam activities entirely. In cases where CCTV cameras are installed, they often become non-functional due to power failure, rendering them unreliable. The absence of an alternative power source like solar energy further exposes the system’s weakness and makes it unsuitable for ensuring continuous and secure examination monitoring. This highlights the urgent need for a more advanced, autonomous, and power-efficient solution.




3.3	PROBLEMS OF THE EXISTING SYSTEM
The existing examination monitoring system at Kwara State Polytechnic is plagued by several critical problems that compromise the integrity and efficiency of Computer-Based Tests (CBT). One of the major issues is the overreliance on manual invigilation, which is inadequate for large exam settings. Human invigilators cannot effectively monitor all candidates simultaneously, leading to blind spots where examination malpractice such as cheating, impersonation, and use of unauthorized materials may occur undetected. This manual approach also makes it difficult to provide concrete evidence in cases of disputes or allegations since no video documentation exists.
Another significant problem is the unreliability of the power supply. The system depends on the national grid, which frequently experiences outages and voltage fluctuations. These power disruptions can halt examinations abruptly or disable any installed monitoring devices, such as CCTV cameras, rendering them ineffective. Additionally, the lack of backup or renewable energy solutions means there is no continuity in surveillance or exam activities during blackouts. The absence of real-time video monitoring and recording capabilities also limits administrative oversight and reduces the overall security of the examination process. Together, these issues highlight the urgent need for a smarter, more reliable, and energy-independent examination monitoring solution.
3.4	DESCRIPTION OF THE PROPOSED SYSTEM
The proposed system is a Smart Solar-Powered CBT Examination Monitoring System that integrates CCTV surveillance with renewable energy to provide uninterrupted and efficient monitoring of computer-based examinations at Kwara State Polytechnic. This system is designed to address the limitations of the existing manual and power-dependent monitoring setup by introducing real-time video surveillance powered by solar energy with battery backup. The system comprises strategically positioned high-definition CCTV cameras, a solar power generation unit (solar panels, charge controller, inverter, and batteries), and a network video recorder (NVR) or server for data storage and remote monitoring.
The CCTV cameras will be installed across the examination hall to provide comprehensive coverage of candidates during CBT sessions. These cameras will transmit live feeds to a central monitoring unit, where invigilators or administrators can observe exam activities in real time. Additionally, all footage will be recorded and stored for future review in case of disputes or malpractice investigations. The solar power system ensures continuous operation regardless of grid power availability, thereby eliminating interruptions during exams. The proposed system also allows remote access to live feeds via secure login, enabling off-site monitoring by school authorities. This intelligent, energy-efficient solution enhances exam security, supports integrity, and reduces dependence on unreliable electricity and manual supervision.
3.5 ADVANTAGES OF THE NEW SYSTEM OVER THE EXISTING SYSTEM
i. Uninterrupted Power Supply: Powered by solar energy with battery backup, ensuring continuous operation even during power outages.
ii. Real-Time Video Surveillance: Provides live monitoring of examination halls, allowing invigilators to observe all candidates simultaneously.
iii. Video Recording and Playback: Stores examination footage for future reference, investigations, and dispute resolution.
iv. Reduction in Examination Malpractice: Continuous surveillance deters cheating, impersonation, and other forms of misconduct.
v. Minimized Human Error: Reduces overreliance on manual invigilation, which is prone to fatigue and limited coverage.
vi. Remote Monitoring Capability: Enables off-site monitoring by school authorities through secured remote access.


CHAPTER FOUR
SYSTEM DESIGN AND IMPLEMENTATION
4.1 Introduction
This chapter details the design and implementation process of the proposed smart solar-powered CBT examination monitoring system. It covers the system architecture, hardware and software design, and the steps taken to deploy the system in the Computer Science Laboratory of Kwara State Polytechnic. The chapter also describes the functional flow of the system and explains how the various components interact to deliver uninterrupted surveillance during CBT examinations.
Gadget used to carry out the installation
Figure 4.1: Panel   




Panel: solar panel is a device that converts sunlight into electrical energy through photoitalic cells.
Figure 4.1: CHARGE CONTROLLER





Charge controller: it charge regulator or battery regulator limites the rate at which electric current is added or drawn from electric batteries to protect against electrical overlead, overcharging, and may protect against overvoltage.BATTERY

Figure 4.3: Battery





Battery: is a container consisting of one or more cells in which chemical energy is converted into electricity and used as a source of power. 
Figure 4.4: Inverter



Inverter: is a power electronic device or circuitry that charges direct current to alternation current.
Figure 4.5: Wire cable




6mm wire cable: is used for heavy current, all conductor wires have resistance that dissipate heat in proportion to its current and resistance.

Gadget used to carry out the output of the installation
Figure 4.6: Camera





Camera: it allows the use of video cameras to monitor the interior and exterior of a property, transmitting the signal to a monitor.
Figure 4.7: Connector





BNC connector: (Bayonet Neil-Concelman or sometimes is called British naval connector) is used to connect coaxial cable and connect to the digital video recorder.

Figure 4.8: Power Connector





Power connector: they are used to connect gauge power wire from coaxial cable to a power adapter.





Figure 4.9: Coaxial Cable






Coaxial cable: this is used as a transmission line for radio frequency signals, its applications include; feed lines connecting, radio transmitters and receivers to their antennas (e.g Ethernet) connections, digital audio and distribution of cable signal. 
Figure 4.10: DVR





DVR (Digital Video Recorder): is an electronic device that records video in a digital format, also it allows us to record security footage that the CCTV camera capture.
Figure 4.11:Power Box






Power box: it allows surveillance system installers to easily manage the power multiples CCTV cameras at a central point.




Output Design
The output design covers the mode output presentation of the installation, description of the output interface and the specific output medium.
Figure 4.12: Monitor









This is the output of the first camera installed in the lab
Figure 4.13: Second Monitor







This is the output of the first camera installed in the lap
4.2 System Implemetation
4.2.1 Hardware Design
a. CCTV Cameras: Strategically mounted to cover all angles of the examination hall. The cameras support night vision and high-definition video recording.
b. Solar Panels: Sized based on the total power consumption of the CCTV and recording equipment, installed with optimal tilt and orientation.
c. Battery Bank: Deep-cycle batteries store energy to ensure system operation during night-time and cloudy weather.
d. Charge Controller and Inverter: Manage battery charging and power conversion to supply stable AC power to the system components.
4.3.2 Software Design
a. The monitoring software supports multi-camera views, motion detection alerts, scheduled recording, and secure user access.
b. The user interface is designed to be intuitive, allowing easy navigation for both technical staff and administrative users.
c. Remote access is enabled via secure login, ensuring authorized personnel can monitor exams off-site.
4.3 Implementation Process
1. Procurement of Components: All hardware elements including CCTV cameras, solar panels, batteries, charge controllers, inverters, and networking equipment were acquired.
2. Site Preparation: Locations for camera installation and solar panels were prepared and secured.
3. Hardware Installation: Cameras were mounted and connected to the NVR. Solar panels and batteries were installed and wired with the charge controller and inverter.
4. Network Configuration: IP addresses were assigned to cameras, and the network was set up to allow data transmission to the NVR and monitoring terminals.
5. Software Installation: Surveillance software was installed on the monitoring PC/server and configured to manage cameras and recordings.
6. Testing and Calibration: The entire system was tested under various conditions including power outages to ensure reliability and performance.
7. User Training: Administrative and technical staff were trained on operating the monitoring software and performing routine maintenance.



CHAPTER FIVE
SUMMARY, CONCLUSION, RECOMMENDATIONS
5.1	Summary
This project focused on the design and implementation of a Smart Solar-Powered CBT Examination Monitoring System using CCTV cameras, with a case study of the Computer Science Laboratory at Kwara State Polytechnic. The study identified the limitations of the existing manual monitoring system, such as inadequate supervision, vulnerability to malpractice, and dependency on an unreliable power supply. To address these challenges, a technologically enhanced system was proposed and developed, integrating solar energy for continuous power supply and CCTV surveillance for real-time and recorded monitoring of examination activities. The new system features strategically placed high-definition CCTV cameras powered by solar energy with battery backup, ensuring uninterrupted surveillance regardless of power outages. The system also allows real-time and remote monitoring, and all activities are recorded for future reference. The implementation process involved the installation of both the surveillance and solar power subsystems, along with user-friendly software for live viewing and playback. This system not only enhances examination integrity and security but also promotes sustainability and cost-efficiency.
5.2	Conclusion 
This system helps to implement in solar system for efficient usage. The electricity generated by capturing the sun light is called as solar energy which is used to for business and home purpose. The atoms lose the electrons when the photons hit the solar cells. A solar panel is made of multiple panel that wired together, more electricity is generated by the more panel we deploy. Direct current is generated by the solar panel, most of the electrical appliance works on AC supply can AC can be less expensive for transmit to long distance. Many energy companies are expanding to offer solar, which is among the most energy-efficient and lucrative sources of renewable electricity on the market.
Also this research paper work shows that the use of video security surveillance as a means of monitoring can be very advantageous. Once the end user has identified realistic performance goal for a system as part of an overall crime prevention/reduction strategy. And the its effectiveness can be recognized, measure and value. It is paramount that the intended role and operational requirement of a CCTV system are predetermined an agreed. As a management tools, which can be used as monitoring examination malpractice in tertiary institution, also used for incident or post-incident analysis to act as a deterrent or provide valuable support to security also used as a valuable support for a crime investigation.
5.3	Recommendations
Based on the findings and implementation of this project, the following recommendations are made:
i. Institution-wide Adoption: The system should be deployed across all departments and examination centers within the institution to standardize and improve examination security.
ii. Periodic Maintenance: Regular maintenance of solar equipment, cameras, and software should be carried out to ensure optimal performance.
iii. Training for Technical Staff: Staff should be trained regularly on the use of the system for monitoring, playback, troubleshooting, and basic maintenance.
iv. Data Backup and Storage Management: A secure and scalable data storage solution should be implemented to handle and archive recorded footage over extended periods.
v. Integration with AI for Automation: Future upgrades can include artificial intelligence (AI) for real-time behavior analysis and automatic alert systems during suspicious activities.
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