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INTRODUCTION
1.1 BACKGROUND TO THE STUDY
Metal detectors are widely used in industrial and construction settings. In manufacturing, metal detectors play a crucial role in quality control, ensuring that metal contaminants do not compromise the integrity of products, particularly in the food and pharmaceutical industries. Similarly, in construction, metal detectors assist in locating underground pipes, cables, and other metallic structures to prevent accidental damage during excavation (Martinez et al., 2005).
Another significant application of metal detection technology is in archaeology and treasure hunting. Archaeologists use metal detectors to locate ancient metallic artifacts buried beneath the surface, facilitating excavation with minimal disruption to historical sites. Treasure hunters and hobbyists also employ metal detection devices to find valuable objects, coins, and relics in various terrains. The advancement of ground-penetrating radar (GPR) combined with metal detection technology has significantly improved the precision and efficiency of these explorations (Renfrew & Bahn, 2018).
Environmental science is another field where metal detectors play a crucial role. They are used to detect and remove metallic contaminants from soil and water sources, helping in pollution control and ecological conservation efforts. Additionally, metal detectors are utilized in landmine detection and demining operations, where they assist in identifying buried explosive devices, thereby preventing potential casualties and facilitating safer land use (Watson, 2020).
The design of a metal detector system involves multiple components, including a transmitter coil, receiver coil, signal processing unit, and an alert mechanism. The transmitter coil generates an electromagnetic field, while the receiver coil detects disturbances caused by metallic objects. The signal processing unit analyzes these disturbances and determines the presence and type of metal detected. Advanced systems incorporate microcontrollers, digital filtering algorithms, and wireless communication modules to enhance detection accuracy and efficiency (Smith & Carter, 2002).
The power supply and energy efficiency of a metal detector system are also critical factors in its design. Battery-operated metal detectors require low-power consumption to ensure extended operational time, while industrial metal detectors may rely on a continuous power source for uninterrupted performance. Recent developments in renewable energy solutions, such as solar-powered metal detectors, have further expanded the applicability of these systems in remote and off-grid locations (Adeyemi & Oke, 2021).
Another key aspect of designing a metal detector system is minimizing interference and false alarms. Environmental factors such as soil mineralization, electromagnetic interference from other devices, and external noise can affect detection accuracy. Advanced filtering techniques, including adaptive noise cancellation and frequency modulation, have been developed to address these challenges. Additionally, the use of machine learning models to analyze signal patterns has significantly improved the reliability of metal detection systems (Gupta & Sharma, 2020).
The implementation process of a metal detector system involves hardware assembly, software development, calibration, and testing. The hardware components, including coils, sensors, and microcontrollers, need to be precisely configured to achieve optimal detection sensitivity. Software development involves writing algorithms for signal processing, data analysis, and user interface design. Calibration ensures that the metal detector accurately distinguishes between different types of metals and minimizes false positives. Rigorous testing under various environmental conditions is necessary to validate the performance and efficiency of the system (Tanaka et al., 2021).
With the rapid advancements in wireless communication and IoT, modern metal detection systems are now equipped with real-time data transmission and remote monitoring capabilities. IoT-enabled metal detectors can send alerts to centralized security systems, allowing for immediate action in case of a security breach. Additionally, cloud-based storage of metal detection data provides valuable insights for trend analysis and predictive maintenance (Nakamura et al., 2022).
As metal detection technology continues to evolve, future developments are expected to focus on enhancing sensitivity, reducing power consumption, and integrating with other emerging technologies. Research in quantum sensors, nanotechnology, and artificial intelligence is likely to revolutionize the capabilities of metal detectors, making them more efficient and adaptable to various applications (Watson, 2020).


1.2 STATEMENT OF THE PROBLEM
The increasing need for security, resource exploration, and archaeological preservation has led to a rising demand for advanced metal detection systems. However, existing metal detectors face challenges in accuracy, sensitivity, and environmental adaptability, particularly in real-time applications such as airport security, mining, and archaeology. In security, the limitation of current metal detectors to detect concealed weapons and explosives with high precision and in crowded settings poses a significant threat. In mining, the need for accurate and efficient detection of valuable minerals, such as gold and silver, remains a challenge, especially when considering various ground conditions and electromagnetic interference. Furthermore, archaeological excavations often require the ability to locate metallic objects deep underground without damaging the integrity of the site.
1.3    AIM AND OBJECTIVES OF THE STUDY
The aim of this project is to design and implement an efficient and cost-effective metal detector system that improves detection accuracy, sensitivity, portability, and power efficiency for a wide range of applications, including security, resource exploration, and archaeological surveys, the objectives are to:
i. Develop a system that integrates various components such as sensors, microcontrollers, and power units to enhance the accuracy and sensitivity of metal detection.
ii. To Minimize Interference and Improve Detection Sensitivity:
iii. To Improve Portability and User Interface
iv. To Enhance Power Efficiency and Battery Life
v. To Evaluate the Performance and Accuracy of the Metal Detector System.
1.4	SIGNIFICANCE OF THE STUDY
The significance of this study lies in the development of an advanced metal detection system that can address critical limitations in current metal detection technologies, benefiting a wide range of applications, including security, mining, and archaeology. This study aims to design a metal detector system that offers improved accuracy, portability, power efficiency, and cost-effectiveness, ensuring its practical applicability in real-world scenarios.
1.5    SCOPE OF THE STUDY
The scope of this study is focused on the design and implementation of a metal detector system that is efficient, cost-effective, and suitable for use across various applications, including security, resource exploration, archaeology, and other industrial uses. The study aims to improve current metal detection systems by addressing limitations such as detection accuracy, sensitivity, portability, energy consumption, and cost. The scope also covers the integration of modern technological components such as microcontrollers, sensors, and digital signal processing to create a robust and practical metal detection solution.
1.6      ORGANIZATION OF THE REPORT
This report is structured into five chapters, each addressing specific aspects of the design and implementation of a metal detector system. The chapters are organized to provide a systematic approach to the research, design, and evaluation of the metal detector system.
1.7  DEFINITION OF TERMS
i. Metal Detector: A device that uses electromagnetic fields to detect the presence of metals. It typically consists of a sensor coil, control unit, and an audio or visual display that indicates the presence of metal objects.
ii. Electromagnetic Field: A physical field produced by electrically charged objects, which can interact with metal objects. Metal detectors use electromagnetic fields to detect the presence of metal by inducing a current within the object.
iii. Inductive Metal Detection: A method of detecting metals by inducing an electrical current in the metal object using an electromagnetic coil. The change in the electromagnetic field is detected, indicating the presence of metal.
iv. Capacitive Sensing: A detection method that measures changes in capacitance (the ability to store an electrical charge) caused by the presence of conductive objects like metals. It is less commonly used than inductive sensing in metal detectors.
Signal Processing Unit: The component of a metal detector responsible for analyzing the signals received by the detector's sensor coils. The unit processes the data and determines whether a metal object is present.
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CHAPTER TWO
LITERATURE REVIEW
2.1	REVIEW OF RELATED WORKS
Gao et al. (2016) studied electromagnetic interference in metal detectors and proposed adaptive filtering techniques to improve detection in highly conductive environments. Their work contributed to the development of more precise and energy-efficient metal detectors. 
Chatterjee and Singh (2019) explored the use of convolutional neural networks (CNNs) for automated threat detection in airport security. Their study demonstrated how deep learning models could distinguish between everyday metallic objects and concealed weapons, reducing the reliance on manual screening. The integration of AI with metal detectors has significantly enhanced their ability to detect security threats with high precision.
Martinez et al. (2005) also emphasized the significance of adaptive filtering in archaeological metal detection, enabling researchers to differentiate between modern metallic debris and ancient artifacts. Their research led to the development of more accurate detection algorithms used in cultural heritage preservation.
Chatterjee and Singh (2019) examined the integration of Convolutional Neural Networks (CNNs) into airport security metal detectors. Their study highlighted how AI-based models improved threat detection accuracy, reducing false alarms and distinguishing between harmless metallic objects (such as keys or coins) and concealed weapons and explosives.
Watson (2020) studied the effectiveness of handheld metal detectors in locating hidden weapons, bullets, and metallic fragments at crime scenes. His research emphasized the importance of portable, high-sensitivity detectors for rapid evidence collection.
Schmidt and Bauer (2020) analyzed the role of metal detectors in detecting metal contaminants in food production lines. Their findings demonstrated that highly sensitive detectors help prevent contamination and ensure compliance with food safety regulations, reducing the risk of consumer harm.
Gupta and Sharma (2020) introduced an IoT-enabled metal detection system for industrial applications, allowing real-time monitoring of metallic contaminants in manufacturing and recycling plants. Their study emphasized the importance of integrating wireless communication and cloud-based data storage in modern metal detectors for enhanced efficiency.
Nakamura et al. (2022) introduced wearable metal detection sensors, embedded in security personnel uniforms, to provide hands-free detection capabilities. Their study demonstrated the potential of integrating metal detection with smart wearable technology for enhanced security and industrial safety.

2.2 	Theoretical Framework
2.2.1  Electromagnetic Induction Principles
Electromagnetic induction is a fundamental principle behind the operation of metal detectors. It refers to the process by which a changing magnetic field induces an electric current in a conductor. This principle is crucial for understanding how metal detectors work, as they rely on electromagnetic fields to detect the presence of metals. The concept was first discovered by Michael Faraday in the 19th century, and it forms the basis of many modern technologies, including metal detection systems. In the context of a metal detector, the device generates an alternating magnetic field through a coil of wire, which is connected to a power source. This magnetic field extends into the surrounding area, and when it encounters a metal object, it induces a secondary electromagnetic field in the metal. The characteristics of this secondary field, such as its frequency and strength, are influenced by the type of metal, its size, and its shape.
A metal detector’s receiver coil is responsible for detecting the changes in the magnetic field that occur when a metal object is present. This coil picks up the electromagnetic energy reflected back from the metal, which is then processed by the metal detector’s electronics to identify the presence of a metallic object. The metal detector will respond by alerting the user, usually through an audio signal or visual display, indicating that metal has been detected. The effectiveness of electromagnetic induction in metal detectors depends on several factors, including the frequency of the alternating magnetic field and the sensitivity of the detection system. Lower frequencies tend to be more effective at detecting larger metal objects or those that are located at greater depths, while higher frequencies are better for detecting smaller metals or those closer to the surface. By adjusting the frequency and signal processing techniques, metal detectors can be optimized for different applications, from security to archaeological surveys. Electromagnetic induction forms the core of metal detection technology by using magnetic fields to induce currents in metal objects, allowing for their detection and identification. This principle has enabled the development of more sophisticated metal detectors over time, making them a vital tool in many industries.
2.2.2  Basic Components of Metal Detectors
Metal detectors operate using fundamental principles of electromagnetic induction and consist of several essential components that enable their functionality. Each component plays a vital role in detecting and identifying metallic objects in various environments, such as security screenings, archaeological explorations, and industrial applications. The primary components of a metal detector include the search coil, control unit, power supply, shaft, and audio/visual output system.
i. Search Coil
The search coil, also known as the detection coil, is one of the most crucial components of a metal detector. It generates an electromagnetic field that interacts with metal objects, inducing a secondary magnetic field in them. The search coil then detects this secondary field and sends signals to the control unit for processing. The size and design of the search coil determine the depth and sensitivity of the detector. Larger coils can detect metal objects at greater depths, whereas smaller coils offer better target separation and sensitivity to small objects.
ii.  Control Unit
The control unit acts as the brain of the metal detector. It processes the signals received from the search coil and determines whether a metallic object is present. The control unit typically contains a microprocessor, amplifiers, filters, and circuit boards that analyze the signals and provide valuable information to the user. Advanced metal detectors have discrimination settings, which allow users to differentiate between various metals and avoid unwanted items like aluminum foil or bottle caps. Some modern detectors also have digital displays that provide real-time feedback on the type and depth of detected metals.
iii. Power Supply
The power supply is responsible for providing the necessary energy to operate the metal detector. Most metal detectors use rechargeable or disposable batteries to ensure continuous operation. The efficiency of the power supply directly affects the detector’s performance and battery life. Some high-end metal detectors incorporate energy-saving features and rechargeable lithium-ion batteries to extend operational time. Ensuring a reliable power source is critical for prolonged field use, especially in remote locations.
iv. Shaft
The shaft is the structural component that connects the search coil to the control unit. It allows users to hold and maneuver the metal detector comfortably. Many metal detectors feature adjustable shafts, making them ergonomic and easy to use for individuals of different heights. Lightweight materials such as aluminum or carbon fiber are often used to construct the shaft, providing durability without adding unnecessary weight. Some advanced metal detectors have collapsible shafts for enhanced portability.
v.  	Audio and Visual Output System
The output system provides feedback to the user regarding the presence of a metal object. Most metal detectors use an audio system with different tones to indicate various types of metals. Low tones typically signify ferrous metals, while high-pitched tones may indicate non-ferrous metals such as gold or silver. In addition to audio feedback, some modern detectors feature LCD screens that display crucial information such as target identification, depth estimation, and battery status. These visual indicators help users make informed decisions during the detection process.
2.2.3   Conceptual Framework
The conceptual framework for the design and implementation of a metal detector system provides a structured approach to understanding the key principles, components, and interactions involved in its operation. It serves as the foundation for developing an effective and efficient system by integrating theoretical and practical aspects of metal detection technology. The framework encompasses electromagnetic principles, hardware and software integration, signal processing techniques, and environmental considerations to ensure optimal performance. At the core of the conceptual framework is the principle of electromagnetic induction, which governs how metal detectors function. When an alternating current passes through a coil, it generates an electromagnetic field. If a metallic object is within range, it induces eddy currents in the metal, which, in turn, create a secondary electromagnetic field. The detector senses this change and processes the signal to determine the presence of metal. This fundamental concept forms the basis for designing effective detection mechanisms. The framework also considers the essential hardware components required for a functional metal detector system. These include the search coil, control unit, power supply, shaft, and output system. The search coil generates and detects electromagnetic fields, while the control unit processes signals and differentiates between various metals. The power supply ensures continuous operation, and the shaft provides support and adjustability for user comfort. The output system, which can be in the form of visual displays or auditory signals, communicates detection results to the user. Proper selection and integration of these components contribute to the overall efficiency and accuracy of the system.
2.2.3   Empirical Review
The empirical review focuses on analyzing previous research, studies, and practical implementations related to the design and development of metal detector systems. It provides an evidence-based assessment of existing technologies, methodologies, and innovations in metal detection, highlighting their strengths, limitations, and areas for improvement. Various studies have explored different aspects of metal detector systems, including hardware design, signal processing techniques, application domains, and environmental considerations. Several studies have examined the fundamental principles governing metal detector operations. Research on electromagnetic induction and eddy currents has provided a foundation for developing advanced detection mechanisms. Studies by researchers in the field of electrical engineering have demonstrated how varying the frequency of electromagnetic waves impacts the sensitivity and accuracy of metal detection. Higher frequencies improve the detection of small metallic objects, while lower frequencies enhance depth penetration for larger objects.
Empirical studies have also analyzed the impact of different search coil designs on detection performance. Comparative research on concentric coils, double-D coils, and mono loop coils has shown variations in sensitivity, target separation, and interference resistance. Double-D coils, for example, have been found to provide better discrimination between different types of metals, making them suitable for applications requiring high accuracy. Another area of empirical research involves signal processing techniques for metal detection. Traditional analog processing methods have been compared with digital signal processing (DSP) approaches in various studies. Empirical findings indicate that DSP-based metal detectors offer improved noise filtering, enhanced discrimination capabilities, and adaptive tuning to environmental conditions. The implementation of machine learning algorithms has further improved metal classification, enabling the detection system to distinguish between valuable and non-valuable metals with higher accuracy.
2.4   Research Gaps Identified
Despite significant advancements in metal detector technology, several research gaps remain, indicating areas that require further exploration and innovation. These gaps arise due to limitations in existing studies, emerging technological trends, and evolving application needs. Addressing these research gaps will contribute to the development of more efficient, reliable, and adaptable metal detection systems. One key research gap is the need for improved metal discrimination algorithms. While modern metal detectors use digital signal processing (DSP) and basic machine learning models to differentiate between various metals, false positives and misclassifications remain challenges. Existing studies lack comprehensive models that integrate advanced artificial intelligence (AI) techniques, such as deep learning, to enhance metal identification accuracy. More research is needed to develop self-learning algorithms that can adapt to different environmental conditions and metal compositions. Another significant gap is the impact of ground mineralization on detection accuracy. Research has shown that highly mineralized soils, such as those found in mining regions, can cause interference and reduce metal detection efficiency. Although ground balancing techniques have been introduced, they are not universally effective in all terrains. Future studies should explore adaptive ground balancing mechanisms and hybrid detection approaches that combine multiple frequency ranges to improve detection performance in mineralized environments.
A third research gap exists in the development of ultra-low-power and energy-efficient metal detectors. Most metal detectors, especially those used for security screening and industrial applications, require significant power consumption. While battery efficiency has improved, there is a lack of studies on energy-harvesting techniques, such as self-powered metal detectors that use kinetic energy or solar power. Research in this area could lead to more sustainable and long-lasting metal detection systems. Another limitation in existing research is the integration of Internet of Things (IoT) technology in metal detection systems. While some studies have explored IoT-based real-time monitoring and remote detection capabilities, most current metal detectors do not fully utilize wireless connectivity for data collection and cloud-based analysis. Research is needed to develop smart metal detectors that can transmit detection data to centralized systems for further analysis, predictive maintenance, and enhanced operational efficiency. The lack of extensive field studies and real-world testing in extreme environments is also a research gap. Most metal detector studies focus on controlled laboratory experiments, but real-world conditions introduce variables such as temperature fluctuations, electromagnetic interference, and terrain irregularities. More empirical studies are needed to evaluate metal detectors under extreme conditions, such as underwater detection, high-altitude environments, and dense urban areas with significant electromagnetic noise. Miniaturization and portability remain areas requiring further exploration. While handheld and compact metal detectors exist, there is limited research on the miniaturization of metal detection technology for wearable applications. Future studies could focus on integrating metal detection capabilities into lightweight, wearable devices that can be used in industries such as construction, law enforcement, and military operations. There is a gap in research on cost-effective metal detector designs for developing regions. Many high-performance metal detectors are expensive, limiting access in low-resource settings where they could be beneficial for security, agriculture, and artisanal mining. Future research should focus on developing affordable, open-source metal detection solutions using locally available materials and components.
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RESEARCH METHODOLOGY AND ANALYSIS OF THE EXISTING SYSTEM
3.1	RESEARCH METHODOLOGY
The research methodology for the design and implementation of a metal detector system outlines the systematic approach used to conduct this study. It encompasses the research design, data collection methods, system development processes, and evaluation techniques applied to ensure the effectiveness of the proposed metal detector system. The methodology ensures that the research objectives are met through a structured and scientific approach. This study adopts a design and implementation research approach, focusing on the development of a functional metal detector system based on electromagnetic induction principles. The research follows an experimental design, where various components of the metal detector are assembled, tested, and optimized to achieve the desired level of sensitivity and accuracy. The methodology involves a combination of theoretical analysis, hardware design, software integration, and performance evaluation to validate the efficiency of the system.
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Figure 3.1 The Metal Detector System
The development process of the metal detector system involves the selection and integration of key components, including the search coil, control unit, power supply, and signal processing circuits. The search coil is designed to generate an electromagnetic field, while the control unit processes signals and provides feedback on detected metals. A microcontroller-based approach is used to improve detection efficiency, enabling the system to differentiate between different metal types. The power supply is selected to ensure continuous operation, and the system output is configured to provide both visual and auditory alerts when metal is detected.



3.2   DEVELOPMENT METHODOLOGY
The development methodology for the design and implementation of a metal detector system is a systematic and iterative process that combines hardware design, software integration, and testing to ensure an efficient and functional system. This methodology is based on principles of electromagnetic induction and integrates modern technologies to enhance the performance of the metal detection system. The process includes several stages: conceptualization, hardware design, software development, integration, testing, and refinement. Each stage is essential for ensuring that the final system meets the desired requirements in terms of accuracy, sensitivity, and user-friendliness. The first step in the development process is the conceptualization phase, where the goals and objectives of the metal detector system are defined. This involves identifying the specific application of the system, such as security screening, archaeological exploration, or industrial safety. During this phase, the key features and performance parameters of the metal detector are outlined, such as detection depth, sensitivity, discrimination between metal types, and resistance to environmental interference. The conceptual design phase also includes an analysis of existing metal detection technologies, identifying their limitations, and determining how the new system can offer improvements. Once the conceptual framework is in place, the hardware design phase begins. This stage focuses on selecting and assembling the essential components of the metal detector system. Key hardware components include the search coil, control unit, signal processing circuit, microcontroller, and power supply. The search coil is responsible for generating and receiving electromagnetic fields, and its design directly impacts the system’s detection range and sensitivity. In this phase, careful consideration is given to the type of coil, such as concentric or double-D, based on the application requirements.
3.3   HARDWARE DESIGN AND COMPONENTS
The hardware design of a metal detector system consists of several essential components that work together to detect metallic objects efficiently. The system's effectiveness depends on the precise integration of these components, ensuring accurate metal detection, reliable signal processing, and appropriate alert mechanisms. The primary hardware elements include the detection coil, microcontroller, signal processing unit, power supply, and output indicators.
The detection coil is a crucial component responsible for sensing metallic objects. It operates based on electromagnetic induction principles, where an alternating current generates a magnetic field that interacts with nearby metals. When a metallic object enters the field, it disrupts the electromagnetic balance, producing a detectable signal. The coil's design, including its shape, size, and winding configuration, significantly influences the system's sensitivity and detection range.
The microcontroller serves as the system's processing unit, interpreting signals from the detection coil and executing programmed instructions. It filters and amplifies received signals to differentiate between metallic and non-metallic objects. The microcontroller ensures efficient system operation by processing input signals and activating necessary outputs, such as visual or auditory alerts. It also manages power consumption and optimizes the system’s response time.
The signal processing unit enhances detection accuracy by refining signals before they are analyzed by the microcontroller. This unit includes amplifiers, filters, and analog-to-digital converters to process weak signals and remove unwanted noise. Proper signal processing ensures that only valid metallic objects are detected while minimizing false positives caused by environmental interference. A stable power supply is essential to ensure consistent system operation. The metal detector system typically uses batteries or an external power source to provide the necessary voltage for its components. Efficient power management is crucial to extending battery life, especially in portable metal detectors. Voltage regulators and low-power consumption designs help maintain stable operation under different conditions. Output indicators provide feedback to the user when a metallic object is detected. Common output mechanisms include buzzers, LEDs, and LCD displays. The buzzer generates an audible alert, signaling the presence of metal. LEDs provide a visual indication, often changing color or flashing based on detection intensity. LCD screens may display additional information such as object type, depth estimation, or detection strength. These indicators ensure that users receive clear and immediate feedback during operation. The integration of these hardware components ensures that the metal detector system functions effectively. The detection coil senses metals, the microcontroller processes signals, the signal processing unit refines the data, the power supply maintains stable operation, and the output indicators provide necessary feedback. Proper hardware design is essential to achieve high sensitivity, reliability, and efficiency in metal detection applications.
3.4	SOFTWARE IMPLEMENTATION
The software implementation of a metal detector system is responsible for controlling and coordinating the various hardware components to enable efficient metal detection. The software ensures that the system processes signals from the detection coil, interprets them correctly, and provides feedback to the user through output mechanisms like a buzzer or display. The software typically runs on a microcontroller or embedded system, which handles the detection logic, signal processing, power management, and user interaction. The first step in the software implementation is to configure the microcontroller’s input and output pins. The microcontroller receives signals from the detection coil through an analog-to-digital converter (ADC). The analog signals are then processed and analyzed by the software to detect any changes in electromagnetic fields caused by metallic objects. The software needs to filter out background noise and environmental interference to focus solely on the metallic signals. This is achieved through signal conditioning algorithms, which clean the raw data before further processing. The core of the software involves detecting changes in the signal strength received from the coil. When a metal object is detected, the system needs to determine whether the detected signal is significant enough to trigger an alert. The software compares the signal strength against predefined threshold values to distinguish between metals and non-metals. It also accounts for the detection range and sensitivity of the system, adjusting the threshold dynamically to improve detection accuracy. To ensure real-time performance, the software must process signals quickly and provide immediate feedback. The microcontroller continuously samples the signals from the detection coil, and the software must analyze these signals in real-time to detect metal presence. Once a metal object is detected, the software activates the appropriate output device, such as a buzzer, LED, or display, to alert the user. The software also ensures that the system remains responsive by managing the processing cycle efficiently, without unnecessary delays. Another critical aspect of the software implementation is power management. Metal detectors are often battery-powered, and efficient power usage is crucial for prolonging battery life. The software implements power-saving techniques, such as putting the system in low-power modes when no detection is taking place or when the device is idle. It may also monitor the battery level and alert the user when the power is running low.
Additionally, the software may include features for adjusting sensitivity settings, calibration, and customization of detection parameters. Users can modify settings such as detection depth, sensitivity range, and alert volume to suit specific requirements or environments. This flexibility allows the system to perform optimally in various conditions, whether used for security, treasure hunting, or industrial purposes. The software also includes error handling mechanisms to address potential issues such as signal interference, hardware malfunction, or incorrect readings. It ensures that the system can recover from faults and continue operating correctly. Diagnostics may be built into the software, allowing the user to perform self-tests or system checks to ensure everything is functioning as expected.
Overall, the software implementation is crucial for the effective operation of the metal detector system. It controls the interaction between the hardware components, processes signals from the detection coil, and provides real-time feedback to the user. By ensuring efficient signal processing, power management, and error handling, the software ensures that the system is reliable, responsive, and adaptable to different environments and use cases.
3.5 	ALGORITHM ADOPTED
The adopted algorithm follows a structured sequence of steps that guide the system in detecting and identifying metals while minimizing false positives.  
The following pseudocode outlines the adopted algorithm:
BEGIN
    Initialize system components (microcontroller, sensors, display, buzzer)
    Set detection threshold THRESHOLD_VALUE
    
    WHILE (true) DO:
        Read SIGNAL_VALUE from the metal detection coil
        Filter SIGNAL_VALUE to remove noise
        IF (SIGNAL_VALUE > THRESHOLD_VALUE) THEN:
            Activate Buzzer
            Turn on LED Indicator
            Display "Metal Detected!" on LCD
            Log Detection Event (if IoT enabled)
        ELSE:
            Keep Buzzer OFF
            Keep LED OFF
            Display "Scanning..." on LCD
        END IF
        Delay for Stability
   END WHILE
END
3.6 	TESTING AND EVALUATION METHODS
Testing and evaluation are essential to ensure the accuracy, reliability, and efficiency of the metal detector system. This phase involves systematically verifying that the system meets its design specifications and performs as expected in real-world scenarios. Testing focuses on hardware functionality, software accuracy, environmental adaptability, and overall system performance, while evaluation measures its effectiveness using specific performance metrics.
The first stage of testing involves functional verification, where each component of the system is assessed to ensure proper operation. The metal detection coil is tested to confirm that it accurately detects metallic objects and ignores non-metallic materials. The microcontroller is examined to verify that it correctly processes signals from the coil, amplifies them appropriately, and filters noise to maintain detection precision. The alert system, including buzzers, LEDs, and display components, is tested to confirm that they activate correctly when metal is detected and remain inactive otherwise. Performance testing is conducted to determine how well the metal detector system operates under varying conditions. Sensitivity testing assesses the detector’s ability to identify different types and sizes of metals at various distances. The system is tested with materials such as iron, aluminum, and copper to evaluate its detection range and accuracy. Environmental testing exposes the system to different conditions, including humidity, temperature changes, and electromagnetic interference, to verify that it maintains stable performance regardless of external factors. Additionally, false positive and false negative testing is performed to ensure that non-metallic objects do not trigger the system and that all metallic objects within range are accurately detected. Real-world testing evaluates the system’s practical application in field conditions. This involves deploying the metal detector in security screening areas, industrial environments, and outdoor terrains to assess its efficiency in detecting hidden or buried metals. The usability of the system is also tested by allowing different users to operate it and provide feedback on its ease of use, display readability, and overall handling. Battery and power consumption testing determines how long the system can function on battery power and whether it operates efficiently without excessive energy consumption.
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