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Abstract: This project presents the design and development of an IoT-based metal detector robot equipped with wireless 
surveillance capabilities. The robot is designed to autonomously navigate its environment while detecting metallic objects 
underground, with real-time monitoring provided through a wireless camera system. The core components of the system include 
a metal detector sensor, an ESP8266 NodeMCU for wireless communication, an L298 motor driver for controlling the robot’s 
movement, and a surveillance camera for live video streaming. The system is powered by 3.7V battery cells, ensuring mobility 
and operational autonomy.The metal detector sensor scans for metallic objects, and upon detection, an alert is generated. 
Simultaneously, a wireless camera transmits real-time footage, allowing remote monitoring and control via a web interface or 
mobile device. The robot's movement is controlled through a second ESP8266 module, enabling wireless command inputs for 
navigation.This robot is envisioned for use in security applications, such as detecting landmines or hazardous metallic objects in 
sensitive areas, as well as for archaeological and construction projects. The integration of IoT technology enhances the robot’s 
operational range and effectiveness, providing a scalable solution for remote metal detection and surveillance.The integration of 
IoT technology significantly enhances the system's operational efficiency and range, enabling seamless remote control and 
monitoring. This innovation not only improves safety in hazardous conditions but also increases the effectiveness of metal 
detection and surveillance tasks in diverse environments. 
Keywords: IoT, Metal Detector Robot, Wireless Surveillance, ESP8266, Real-time Monitoring, L298 Motor Driver, Remote 
Control, Wireless Communication.  
 

I.      INTRODUCTION 
In an increasingly automated world, the demand for innovative solutions that enhance safety, efficiency, and operational 
effectiveness is growing. The detection of metallic objects plays a crucial role in various fields, including security, construction, 
mining, and environmental monitoring. Traditional metal detection methods often require manual intervention, which can be time-
consuming, labor-intensive, and limited in scope. This project seeks to address these challenges by developing a Metal Detector 
Robot that leverages Internet of Things (IoT) technology to provide autonomous metal detection and real-time monitoring. 
The Metal Detector Robot is designed to navigate diverse terrains and locate metallic objects hidden beneath the surface. It utilizes a 
Robocraze Metal Detector Sensor to perform the detection, while its mobility is powered by four DC motors, controlled by an L298 
motor driver. The integration of two ESP8266 NodeMCU modules allows for efficient management of the robot's motor control and 
wireless communication capabilities. This setup enables the robot to operate autonomously while also providing real-time updates to 
users via a connected device. 
In addition to metal detection, the robot features a camera module that enables remote surveillance. This capability is particularly 
valuable in scenarios where manual inspections are impractical or risky, such as in construction sites, archaeological digs, or 
security applications.[1]The robot's design is powered by five 3.7V battery cells, ensuring extended operational time without 
frequent recharging. 
By combining metal detection with IoT functionality and real-time video streaming, this project aims to create a versatile and 
scalable solution that meets the growing demands for automated detection and surveillance. The subsequent sections will outline the 
design, implementation, and potential applications of the Metal Detector Robot, highlighting its significance in enhancing 
operational capabilities across various industries. 
 

II.      RELATED WORK 
Robotic Metal Detectors: Several research initiatives have focused on the development of robotic platforms equipped with metal 
detection capabilities.  
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For instance, Jones et al. (2021) demonstrated the use of robotic arms combined with metal detectors to precisely locate metallic 
objects in industrial settings. These systems employ advanced algorithms for path planning and object recognition, enhancing their 
ability to navigate complex environments[1] . 
IoT in Metal Detection: The application of IoT technology in metal detection has gained traction in recent years. Smith and Brown 
(2020) explored a project that integrates IoT sensors with a mobile platform, allowing users to receive alerts and updates regarding 
detected metal objects in real-time . This integration streamlines the detection process and improves operational efficiency[2]. 
Autonomous Navigation: Research on autonomous navigation systems has contributed to the development of robots capable of 
traversing various terrains. Zhang et al. (2019) demonstrated the effectiveness of integrating sensors such as ultrasonic and LIDAR 
with navigation algorithms to avoid obstacles and enhance movement efficiency . These advancements are critical for deploying 
metal detector robots in real-world applications where terrain irregularities may pose challenges[3]. 
Remote Surveillance: The use of cameras and video streaming technology in robotic systems has been widely studied. Green et al. 
(2022) discussed how integrating real-time video feeds enables operators to monitor the robot's surroundings, providing situational 
awareness in hazardous environments . For example, drones equipped with cameras have been employed for surveillance and 
reconnaissance missions, showcasing the potential for integrating similar capabilities into a metal detector robot[4]. 
Multi-Functional Robots: Recent trends indicate a growing interest in multi-functional robots capable of performing various tasks 
beyond metal detection. Lee et al. (2023) noted that by combining different sensors and functionalities, researchers aim to develop 
robots that can conduct environmental monitoring, search and rescue missions, and agricultural tasks . This versatility highlights the 
potential for integrating metal detection with other applications to create comprehensive robotic solutions[5]. 
 

III.      CHALLENGES AND LIMITATIONS 
The development of the Metal Detector Robot presents several challenges and limitations that must be addressed to ensure its 
effectiveness in real-world applications. Environmental conditions such as soil composition and moisture levels can affect the 
accuracy of the metal detection sensor, leading to false positives or negatives. Battery life is a concern, as the robot relies on five 
3.7V battery cells, which may limit operational time during prolonged use. Additionally, the range and stability of wireless 
communication via the ESP8266 NodeMCU can be hindered by obstacles and signal interference. While the robot is designed for 
autonomous navigation, it may struggle with complex terrains, necessitating enhanced obstacle detection capabilities. The 
simultaneous processing of data from various sensors may strain the microcontroller, requiring efficient data management to 
maintain real-time responsiveness. Finally, safety concerns arise when deploying the robot in hazardous environments, highlighting 
the need for fail-safes and reliability measures. Addressing these challenges will be crucial for improving the robot's functionality 
and ensuring its practical application across diverse scenarios. 

TABLE I. OVERVIEW OF ISSUES APPROACHES,METHODS 

sr.no. Name Issue Discussed Approach And Method 

1. Gulshan V., Peng L., 
Coram M., Stumpe 
M.C., Wu D., 
Narayanaswamy A., 
Venugopalan S., 
Widner K., Madams 
T., Cuadros J., et [1] 

Soil composition and moisture levels 
can affect sensor 
accuracy.Presence of other 
metallic objects may lead to false 
positives or negatives. 

●  The hardware and software are then integrated, 
followed by deployment in real-world scenarios 
 

2. Lee, H., Kim, J., & 
Park, S. (2023). 
Multi-Functional 
Robotics: 
Opportunities and 
Challenges in Modern 
Applications.  
[5] 

" Wireless communication stability 
and range may be affected by 
obstacles and interference.Signal 
degradation could lead to delays 
or loss of data transmission. 

 structured methodology emphasizes functionality, 
reliability, and user experience, laying the 
groundwork for future enhancements. 
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IV.      METHODOLOGY 

1) Design and Component Selection: 
The initial phase focused on designing the robot’s architecture, considering the requirements for metal detection and wireless 
surveillance. Key components were selected based on performance specifications, Including the Robocraze Metal Detector Sensor 
for detecting metallic objects, the L298 motor driver for controlling the movement of four DC motors, and two ESP8266 NodeMCU 
modules for wireless communication and control. 
 
2) Hardware Assembly: 
The robot was assembled by integrating the selected components onto a sturdy chassis. The Robocraze Metal Detector Sensor was 
mounted at the front for optimal detection capability, while the motor driver and motors were installed to ensure mobility. A 
wireless camera was attached for real-time video streaming, and the entire system was powered by five 3.7V battery cells arranged 
to provide adequate voltage and current for all components. 
 
3) Software Development: 
The software for the robot was developed using Arduino IDE. The programming involved configuring the ESP8266 NodeMCU 
modules for wireless communication, establishing protocols for data transmission, and coding the robot’s navigation algorithms. 
The software also included a web-based user interface that allowed operators to control the robot remotely and view live video feeds 
from the camera. 
 
4) Navigation and Control Algorithms: 
The robot's navigation was enabled through differential steering, controlled by the L298 motor driver. The navigation algorithms 
were designed to allow the robot to autonomously navigate diverse terrains, incorporating basic obstacle detection techniques using 
infrared or ultrasonic sensors to enhance its ability to avoid obstacles. 
 
5) Testing and Evaluation: 
Rigorous testing was conducted in controlled and real-world environments to evaluate the robot's performance. The tests focused on 
assessing metal detection accuracy, navigation capabilities, battery life, and the effectiveness of the wireless communication system. 
Feedback from users during testing was collected to identify areas for improvement. 
 
6) Data Analysis: 
The data collected during testing were analyzed to assess the robot's performance metrics, including detection accuracy, obstacle 
avoidance success rate, and battery consumption. This analysis informed the refinement of the robot's algorithms and highlighted 
critical areas for future enhancements. 

3. Lee, J., & Park, C. 
(2023). "Development 
of a Wireless Metal 
Detection System 
Based on IoT 
Technology." [9] 

navigating complex terrains or 
avoiding obstacles may impact 
effectiveness. 
Need for enhanced obstacle 
detection mechanisms to ensure 
safe navigation. 

● firmware is developed using Arduino IDE to program 
the NodeMCU, incorporating algorithms for motor 
control 

4. Das, A., & 
Bandyopadhyay, S. 
(2023). "Autonomous 
Metal Detection 
Robot: Design and 
Control.";[10] 

" Data processing from multiple 
sensors may strain 
microcontroller 
capabilities.Requirement for 
efficient data handling to 
maintain real-time 
responsiveness. 

●  electronic circuit is designed to ensure proper 
connectivity and power distribution among these 
components. 
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7) Iterative Improvement: 
Based on the evaluation results, iterative improvements were made to the design and software. Enhancements included optimizing 
power management strategies, refining navigation algorithms for better obstacle avoidance, and improving the user interface for 
more effective control and monitoring. 
 

V.      BLOCK DIAGRAM 

 
VI.      RESULTS 

The testing and evaluation of the Metal Detector Robot revealed a metal detection accuracy rate of approximately 90%, effectively 
identifying various metallic objects, including both ferrous and non-ferrous materials, across different soil conditions. While the 
robot demonstrated competent navigation abilities, it faced challenges with obstacle avoidance, achieving a success rate of around 
75%. The integration of the ESP8266 NodeMCU facilitated reliable wireless communication, allowing data transmission rates 
exceeding 1 Mbps and enabling operators to monitor the robot's status and receive live video feeds with minimal latency. Powered 
by five 3.7V battery cells, the robot exhibited an operational time of 4 to 6 hours, though battery life diminished during prolonged 
use, highlighting the need for enhanced power management strategies. The camera module provided clear live video feeds, aiding in 
remote surveillance and confirming detection results, while the user-friendly web interface received positive feedback, with an 85% 
satisfaction rating among users. Overall, the Metal Detector Robot was deemed effective for autonomous metal detection, 
positioning it as a valuable tool for applications in security, archaeology, and construction. 
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Fig 1 Robot 

 

Fig 2 Controller Interface 
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