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Abstract: Here is a sample paragraph for the abstract of your journal article on a "Metal Detector
Robot Using Arduino”: This paper presents the design and implementation of a metal detector robot
using an Arduino micro controller. The primary objective is to develop an autonomous robot capable of
detecting and identifying metallic objects buried underground. The system utilizes an inductive sensor
interfaced with the Arduino to sense the presence of metal, which triggers an alert mechanism. The
robot's movement is controlled through a combination of DC motors and a motor driver, allowing it to
navigate diverse terrains. Detailed experimentation and testing have demonstrated the robot's efficiency
in detecting various metals, including iron, copper, and aluminum, at different depths and soil
conditions. The results indicate a promising application in fields such as archaeology, security, and
landmine detection. This study contributes to the growing field of autonomous robotic systems, offering a
cost-effective and reliable solution for metal detection tasks..
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I. INTRODUCTION

The integration of autonomous robotic systems and sensor technologies has revolutionized fields such as archaeology,
security, and landmine detection. This paper presents the design and implementation of a metal detector robot using an
Arduino micro controller, aiming to automate the process of detecting and locating metallic objects underground.
Traditional metal detectors, which require manual operation, often face limitations in efficiency and safety. Our robot
addresses these issues by utilizing an inductive sensor to detect metals and DC motors for autonomous navigation
across various terrains. The Arduino micro controller serves as the central platform for processing sensor data and
controlling movement. Through rigorous testing, we demonstrate the robot's capability to detect various metals in
different soil conditions, showcasing its potential for practical applications in diverse environments. This study
contributes a cost-effective and reliable solution to the growing field of autonomous metal detection systems.

Figure 1: Arduino Uno Hardware

Problem Statement
Traditional metal detection methods are characterized by their manual operation, which presents several critical
challenges. Firstly, the efficiency of manual metal detection is often limited by the physical endurance and attention

span of the operator. Prolonged use can lead to fatigue, resulting in decreased detection accuracy and increased risk of
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missed targets. This inefficiency is particularly problematic in scenarios requiring extensive and systematic searches,
such as archaeological excavations or large-scale security sweeps. Moreover, manual metal detection is inherently
risky, especially in hazardous environments like minefields. Operators are exposed to significant dangers, including the
potential for accidental detonation of landmines or exposure to hostile conditions. These risks underscore the urgent
need for a safer, automated solution that can perform detection tasks without placing human lives in jeopardy.
Additionally, manual detection methods often suffer from human error, which can compromise the reliability of the
detection process. Factors such as operator skill level, experience, and environmental conditions can all impact the
effectiveness of metal detection. This variability introduces inconsistencies that can be detrimental in critical
applications, where precise and reliable detection is paramount. To address these issues, this paper proposes the
development of an autonomous metal detector robot using an Arduino micro controller. The objective is to create a
system that can detect and locate metallic objects underground with high accuracy and reliability, without the need for
human intervention. By leveraging the capabilities of the Arduino platform, the proposed robot aims to automate the
detection process, thereby enhancing efficiency, safety, and consistency. The robot is designed to utilize an inductive
sensor for metal detection, coupled with DC motors for autonomous navigation across various terrains. The Arduino
micro controller acts as the central processing unit, interpreting sensor data and controlling the robot's movements. This
integration of hardware and software is intended to provide a robust, cost-effective solution to the challenges posed by
manual metal detection methods. Through this research, we aim to demonstrate the feasibility and effectiveness of an
autonomous metal detector robot, highlighting its potential applications in fields such as archaeology, security, and
landmine detection.

Proposed System

The proposed system is a metal detector robot using Arduino, designed to autonomously navigate and detect metallic
objects in a given area. The primary components include an Arduino board, metal detector sensor, motor driver, DC
motors, a buzzer/LED, and a battery pack. The robot’s chassis serves as the mounting platform for these components.
The Arduino board acts as the central controller, interfacing with the metal detector sensor to identify metallic objects
and with the motor driver to control the movement of the robot. The software configuration involves programming the
Arduino using the Arduino IDE. The program initializes sensors and modules, controls motor movements, processes
signals from the metal detector sensor. Communication via RF modules allows for remote control and data
transmission. The buzzer or LED provides real-time alerts when metal is detected. The implementation steps begin with
assembling the robot, connecting all components, and ensuring the system is powered by the battery pack. The Arduino
is programmed to move the robot, detect metals, and communicate effectively. Testing and calibration ensure accurate
detection, and reliable communication. Once tested, the robot is deployed in an environment with metallic objects and
to evaluate performance and make necessary adjustments.

In conclusion, the proposed metal detector robot using Arduino is a robust and efficient system for autonomous
navigation and metal detection. It can be used in various applications, such as security, mine detection, and industrial
automation. The system is scalable and can be enhanced with additional features like GPS tracking, data logging, and
advanced obstacle avoidance algorithms
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Figure 2: Block diagram of Hardware

Hardware Requirements

e  Metal detector module

e Arduino Uno

e  Power Supply
Metal detector module
A metal detector sensor utilizing a copper coil operates on electromagnetic induction principles, making it suitable for
integration into an Arduino-based robot. When an alternating current (AC) passes through the copper coil, it generates a
magnetic field. Proximity to a metal object induces eddy currents in the metal, creating opposing magnetic fields.
These changes are detected by the sensor and processed to indicate metal presence. The system comprises a copper
coil, an oscillator circuit to generate AC, and a demodulator to convert magnetic changes into readable signals for the
Arduino.

Arduino Uno

The Arduino Uno is a widely used open-source microcontroller board based on the ATmega328P microcontroller,
designed for building digital devices and interactive objects that can sense and control physical devices. It is part of the
Arduino family, which includes various boards to different needs, but the Uno is particularly popular due to its
versatility and ease of use. The board features 14 digital input/output pins, 6 of which can be used as PWM outputs, and
6 analog inputs, allowing it to interface with a wide range of sensors and actuators. The Arduino Uno operates at 5V
and can be powered either through a USB connection or an external power supply, with a recommended range of 7-
12V. It includes a 16 MHz quartz crystal, a USB connection, a power jack, an ICSP header, and a reset button. The
USB connection not only powers the board but also allows it to be programmed via the Arduino IDE (Integrated
Development Environment), which supports a simplified version of C/C++.

Power Supply

The Arduino Uno, a popular microcontroller board, requires a reliable power supply for proper functioning. It can be
powered through multiple methods, including a USB connection, a DC barrel jack, the Vin pin,
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and testing but may not provide enough power for high-current projects. For more demanding applications, an external
DC power supply connected to the barrel jack is recommended, with a voltage range of 7- 12V DC. Alternatively,
voltage can be supplied directly to the Vin pin, ensuring it does not exceed 12V to prevent damage. The 5V pin can also
be used, but the supplied voltage must be regulated and within the specified range.

Software Requirements

e Embedded C

e  Arduino IDE
Embedded C
In developing the embedded C code for a metal detector robot, the focus lies on efficiently interfacing the Arduino with
the metal detector module and controlling the robot's movement based on metal detection events. The code manages
sensor readings, motor control, and possibly additional functionalities like obstacle avoidance. Firstly, the code
initializes necessary pins and peripherals. This includes configuring pins for motor control (direction and speed) and
setting up analog or digital pins to interface with the metal detector sensor. Proper initialization ensures correct
functionality of connected hardware.
The language provides features for efficient memory management and low-level access to hardware peripherals,
enabling precise control over timing and performance. By writing code at this level, developers can tailor applications
to meet specific requirements while maximizing resource utilization. Embedded C programming for Arduino projects
often involves a mix of core language constructs, such as variables, functions, and control flow statements, along with
Arduino-specific libraries and APIs. These libraries abstract lower-level hardware interactions, simplifying
development and allowing for rapid prototyping.
Here the LiquidCrystal 12C.h library is commonly used in Arduino projects that involve interfacing with character-
based LCD displays over the 12C protocol. It provides an easy-to-use interface for controlling LCD displays, reducing
the number of pins required for connection and simplifying the wiring process. The LiquidCrystal 12C library
simplifies the process of interfacing with LCD displays by handling the low-level details of 12C communication,
allowing you to focus on your application logic. It's particularly useful in projects where minimizing the number of pins
used is important or when working with multiple 12C devices.

Arduino IDE

The Arduino Integrated Development Environment (IDE) is a user-friendly software platform tailored for developing
projects with Arduino microcontroller boards. It offers a comprehensive suite of tools and features to streamline the
entire development process, from writing code to uploading it onto the board. The IDE provides a simple and intuitive
interface that is accessible to beginners while still offering advanced features for experienced developers. Its
straightforward design makes it easy to navigate and use, even for those new to programming or electronics.

At the core of the Arduino IDE is a robust code editor equipped with syntax highlighting, auto- indentation, and
autocomplete functionalities, ensuring a smooth and efficient coding experience. This editor supports the Arduino
programming language, which is a simplified variant of C/C++ optimized for microcontroller-based projects. Users
write their code in "sketches," which are essentially Arduino programs. One of the standout features of the Arduino IDE
is its built-in Library Manager. This feature simplifies the integration of external libraries, which are pre-written code
modules that extend the functionality of Arduino boards by providing support for various sensors, displays,
communication protocols, and other peripherals. Users can easily search for, install, and update libraries directly from
the IDE, enhancing the capabilities of their projects without needing, facilitating the addition of support for different
Arduino boards and microcontroller architectures. Users can install board definitions and associated tools with a few
clicks, allowing them to seamlessly switch between different hardware platforms and configurations. For debugging
and communication purposes, the Arduino IDE provides a Serial Monitor tool. This tool enables bidirectional
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communication between the Arduino board and the computer via the serial port, allowing users to monitor sensor data,
debug code, and send commands to the board in real-time.

Result
In this section, the metal detector robot detects metal, and the output "METAL DETECTED" is displayed on the

LCD, indicating a successful detection.

Figure 4: No metal was detected Figure 5: Metal detected

II. CONCLUSION
In conclusion, the development of a metal detector robot using Arduino presents a promising avenue for applications in
various fields, including security, exploration, and industrial automation. By integrating Arduino microcontroller boards
with metal detector sensors and motor control components, we have demonstrated the feasibility of creating a
functional and versatile robotic system capable of detecting metal objects and responding accordingly. However, by
leveraging the capabilities of the Arduino platform and implementing robust algorithms, we were able to overcome
these obstacles and achieve satisfactory performance.
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