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Abstract: In this paper, we present the development of an explosive ordnance disposal (EOD) rover, which has become crucial in 

modern military and civilian defense operations to mitigate the risks associated with handling hazardous explosives. This project 

focuses on designing and implementing a human-controlled rover capable of safely disposing of Improvised Explosive Devices 

(IEDs). Equipped with advanced sensors such as live-streaming cameras and metal detectors, the rover enables technicians to 

defuse explosive materials especially (IEDs) from a safe distance, protecting their lives while allowing real-time communication 

for remote operation in hazardous environments. Leveraging intelligent algorithms and Raspberry Pi technology, the rover 

analyzes sensor data in real-time to ensure accurate identification of potential threats. Additionally, it features a manipulator 

arm or robotic gripper to safely handle and dispose of detected explosives, minimizing risks to human operators. The project also 

prioritizes the development of a user-friendly interface to facilitate the remote operation and monitoring of the rover, ensuring 

operator safety. Overall, this research enhances the capabilities of EOD teams by providing a sophisticated robotic platform for 

addressing the challenges of explosive threat detection and disposal in various operational settings. 
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I. INTRODUCTION 

The increasing use of unexploded ordnance and improvised explosive devices (IEDs) in both military and civilian areas poses 

significant risks to human life. Traditional explosive ordnancedisposal(EOD)methodsrequiretechniciansto handle these devices 

directly, putting them in danger. Given the complexity and sensitivity of explosives, safe and precise handling is critical, especially 

in high-pressure environments. EOD rovers have become essential for addressing these challenges, allowing technicians to operate 

from a safe distance and significantly reducing the risk to humanoperators in hazardous zones.EOD rovers, like the one developed 

in this project, are designed to enhance safety and efficiency during explosive disposal operations. Equipped with live-streaming 

cameras, metal detectors, and a robotic manipulator arm, the rover canneutralize explosives remotely. Using Raspberry Pi 

technology and intelligent algorithms, it processes real-time sensor data to ensure accurate identification and handling of threats. 

With a user-friendly interface for remote control and monitoring, this system provides EOD teams with a reliable tool to address 

explosive threats while keeping personnel out of harm’s way. 

 

A. Background 

The background of explosive ordnance disposal (EOD) rovers reflects the urgent need for safer methods to address the dangers 

posed by explosives in military and civilian contexts. Traditional EOD practices often require direct interaction with hazardous 

materials, putting technicians at risk. As the threat from unexploded ordnance and improvised explosive devices (IEDs) has 

increased, the limitations of these manual methods have become evident. The integration of robotics and automation into EOD 

operations enables remote handling of explosives, significantly enhancing safety and operational effectiveness. 

 

B. Problem Statement 

Bomb disposal remains one of the most dangerous tasks in law enforcement and military operations due to the high probability of 

injury or fatality during the disarming process. Traditionally, bomb technicians must physically approach the suspicious package to 

identify, diagnose, and disarm explosive devices. This proximity to a potentially hazardous object increases the risk to human life. 

Additionally, in highly populated or sensitive areas, the repercussions of a failed intervention can be catastrophic. 

To address these challenges, a remote monitoring and controlling application is proposed for the safe analysis of suspicious 

packages or bombs. This system leverages modern robotics, wireless communication, sensors, and real-time video streaming to 

facilitate the remote analysis and handling of hazardous objects. The application must support real-time data processing, allow for 

precise robotic control, and be equipped with advanced detection algorithms to identify explosive materials, hazardous chemicals, or 

suspicious wiring.  
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The primary goal is to safeguard the lives of bomb disposal experts by reducing the need for human presence near the bomb, 

thereby improving overall safety and efficiency. 

 

C. Objective 

The primary objective of the Explosive Ordnance Disposal (EOD) robot is to enhance safety and efficiency in the handling, and 

neutralization of explosive threats in various hazardous environments. By leveraging advanced technologies, the robot aims to 

minimize human involvement in high-risk scenarios, thereby reducing the potential for injury or fatality among operators. Equipped 

with sophisticated sensors and a manipulative arm. Its remote operation capabilities further ensure that personnel can monitor and 

control the robot from a safe distance, thereby enhancing situational awareness while maintaining operational effectiveness. Overall, 

the EOD robot serves as a vital tool for military, law enforcement, and emergency response teams, promoting safety and efficacy in 

explosive threat management. 

Mobility and Structure: The EOD robot is engineered with a robust, all-terrain chassis that enables it to navigate through 

challenging environments such as rubble, uneven terrain, and confined spaces. This mobility ensures that the robot can access areas 

that are difficult or unsafe forhuman operators to reach. Constructed from lightweight the robot is both durable and agile, able to 

withstand the rigors of its operational environment while maintaining stability during movement. 

Real-Time Data Surveillance: The Raspberry Pi camera, integrated into a real-time surveillance system, captures live video feeds to 

monitor suspicious objects or areas. By leveraging basic image processing techniques, the system can detect changes in the 

environment, such as movement or unusual activities. The camera streams data continuously, enabling operators to assess potential 

threats in real-time. This setup provides a cost-effective and efficient solution for immediate situational awareness in critical 

environments. 

Manipulator Arm for Handling Explosives: The robot features a high-precision manipulative arm designed for safelyhandling 

andneutralizing explosives. This arm can perform delicate tasks, such as cutting wires, without triggering detonation. 

Interchangeable tools, such as cutters and disruptors, add versatility, enabling the robot to adapt to different types of explosive 

devices and scenarios, thereby enhancing its operational effectiveness. 

Remote Communication and Operation:The EOD robot is equipped with a robust wireless communication system that allows 

operators to monitor and control its activities from a safe distance, greatly enhancing safety. This system can operate over Wi-Fi 

communication channels. The user interface is designed to be intuitive, allowing operators to manage the robot’s functions and 

respond swiftly to emerging threats based on real-time data and visual feeds. 

 

D. Contibutions 

This research contributes significantly to the field of Explosive Ordnance Disposal (EOD) robotics in several impactful ways: 

1) Innovative Integration: 

The project showcases a novel approach by combining movement, manipulation, sensing, and communication subsystems into a 

cohesive and functional EOD rover. By leveraging affordable and widely available components, this integration facilitates a more 

efficient design process and enhances the overall functionality of the robot. 

 

2) Cost-Effectiveness: 

Utilizing the Raspberry Pi 3B+ and other low-cost hardware components allows for the creation of a scalable EOD solution that is 

economically viable. This affordability ensures that the technology can be adopted across various operational settings, making it 

accessible to a broader range of organizations, including smaller agencies with limited budgets. 

 

3) Real-Time Control and Streaming: 

The implementation of a real-time, web-based control interface with live video streaming significantly enhances operator situational 

awareness. This feature enables operators to monitor the robot's activities and make informed decisions based on live feeds, thereby 

improving the effectiveness of EOD operations. 

 

4) Precision Manipulation: 

The incorporation of a robotic arm designed specifically for precise wire-cutting operations is a notable advancement. This 

functionality enables the effective neutralization of explosive devices while minimizing the risk to operators, thereby enhancing the 

robot’s overall operational capabilities. 
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5) Enhanced Safety and Efficiency: 

By enabling remote operation, the research demonstrates a marked improvement in safety for EOD technicians. Reducing the need 

for direct human interaction with explosive threats not only protects personnel but also increases operational efficiency, allowing for 

quicker response times in critical situations. 

 

II. LITERATURE REVIEW 

Real-Time Speech Interactive Bomb Disposal Robot: This paper discussesthedevelopment of a bomb disposal robotthat can be 

controlled through voice commands. It integrates real-time speech recognition for robot navigation and task execution, enhancing 

operator control and safety. 

Raspberry Pi-Based Bomb Detection System: This study focuses on a bomb detection robot using a Raspberry Pi for real-time 

surveillance and detection. The robot is equipped with sensors to detect explosives and provide a live video feed to the operator for 

remote monitoring and decision-making. 

VNC Server-Based Surveillance System: This paper covers the use of a Virtual Network Computing (VNC) server to control and 

monitor robots remotely. The system allows for real-time video streaming and control over long distances, improving security 

operations in bomb disposal and surveillance tasks. 

Military Spying and Bomb Disposal Robot: The paper presents a multi-functional robot capable of both spying and bomb disposal. 

It is equipped with a camera for surveillance, robotic arms for wire-cutting, and a metal detector to locate explosives, making it 

suitable for high-risk military operations. 

 

A. Previous Work 

Several projects and research efforts have been conducted in the development of Explosive Ordnance Disposal (EOD) robots, 

focusing on improving safety and operational efficiency. One significant example is the Real-Time Speech Interactive Bomb 

Disposal Robot which integrates real-time speech recognition for enhanced navigation and task execution, allowing operators to 

control the robot through voice commands. This system improves operator safety by minimizing physical contact with dangerous 

explosives [1]. Additionally, the Raspberry Pi-Based Bomb Detection System utilized a Raspberry Pi for real-time surveillance, 

detecting explosives through sensor data while streaming live video for operator monitoring and decision-making [2]. Another 

noteworthy advancement is the VNC Server-Based Surveillance System, where a Virtual Network Computing (VNC) server allows 

remote control and video streaming for bomb disposal and surveillance tasks, enabling safe operation over long distances [3]. 

Moreover, the Military Spying and Bomb Disposal Robot integrates multiple functionalities, such as metal detection, robotic arms 

for wire-cutting, and real-time surveillance, specifically designed for high-risk military operations [4].These projects highlight 

various technological innovations and the benefits of robotics in handling dangerous materials. They underscore the necessity for 

remote control, real-time data analysis, and multi-functional capabilities to ensure safer, more efficient operations in hazardous 

environments. 

 

B. Gap Identification 

While the existing systems have contributed significantly to the field of bomb disposal robotics, several gaps remain unaddressed. 

Firstly, many systems, such as the Real-Time Speech Interactive Bomb Disposal Robot and VNC Server-Based Surveillance System, 

rely on limited communication technologies that may not offer real-time feedback in environments with poor connectivity or 

interference [1], [3]. There is also a lack of emphasis on enhancing precision manipulation, as most previous works do not fully 

explore advanced robotic arms capable of performing intricate tasks like wire-cutting in unpredictable scenarios. 

Additionally,current systems like the Raspberry Pi-Based Bomb Detection System focus heavily on surveillance and detection but 

offer limited functionality in handling and disarming explosives [2]. The reliance on basic image processing and sensor-based 

detection in such systems may lead to false positives or insufficient identification of complex threats.Moreover, the integration of 

user-friendly interfaces for real-time streaming and remote control is still underdeveloped in most of these works. The challenge lies 

in creating a seamless, responsive user interface that can operate in real-time under various environmental constraints, ensuring 

smooth communication between the operator and the robot during critical operations. Addressing these gaps by enhancing 

communication systems, improving precision in robotic manipulation, and developing more intuitive control interfaces is crucial for 

the next generation of EOD robots. 
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III. METHODOLOGY 

The development of an Explosive Ordnance Disposal (EOD) robot involves a structured approach integrating robotics, real-time 

communication, and sensor analysis. This project uses a human-controlled rover equipped with a Raspberry Pi, advanced sensors 

(such as metal detectors and cameras), and a robotic arm for neutralizing Improvised Explosive Devices (IEDs). The control system 

is developed using Python, with a web-based interface for remote operation. Real-time data is streamed from the rover's cameras 

and sensors, processed through the Raspberry Pi, and relayed to the operator. The methodology focuses on creating an effective 

remote-operable system to handle hazardous materials without endangering human lives. Similar approaches have been used in 

previous works where Raspberry Pi and camera systems were utilized for real-time monitoring and data collection. 

The development of the Explosive Ordnance Disposal (EOD) Rover was executed through a structured and systematic approach 

encompassing design, implementation, testing, and evaluation phases. This section delineates the methods and procedures employed 

to achieve the project objectives, detailing the approach, data collection strategies, tools and techniques utilized, and common 

pitfalls encountered during the development process. 

 

A. Approach 

The research adopted a multidisciplinary approach integrating principles from robotics, computer science, and electrical engineering 

to design and develop a functional EOD rover. The methodology is divided into the following key stages: 

1) System Design and Architecture: The requirements analysis for effective Explosive Ordnance Disposal (EOD) operations 

identified key features such as mobility, sensor integration, remote control capabilities, and manipulation functions as essential. 

Based on these requirements, appropriate hardware components were selected, including the Raspberry Pi 3B+ for processing, 

motors to ensure mobility, and various sensors for detection. Additionally, a fixed end effector equipped with a cutter was 

chosen to enhance functionality, taking into account both cost-effectiveness and performance criteria. A modular design 

approach was adopted to facilitate independent development and testing of the various subsystems, which improves 

troubleshooting processes and allows for easier upgrades in the future. 

2) Hardware Integration: The chassis and mobility system was constructed using a robust all-terrain design, enabling the EOD 

robot to navigate through various environments. Motor drivers and wheels were integrated to ensure reliable movement across 

different terrains. For sensor integration, live-streaming cameras and metal detectors were mounted strategically on the chassis 

to enable optimal data collection and real-time monitoring. Additionally, a fixed end effector equipped with a cutter was 

installed, specifically designed for cutting wires of explosive devices. This fixed configuration enhances the robot’s reliability 

and precision during delicate explosive handling tasks. 

3) Software Development: The operating system and programming aspects involved installing and configuring the Raspberry Pi 

OS, using Python for scripting and controlling the rover's various functions. Real-time data processing was implemented 

through the development of algorithms designed to analyze sensor data, enabling accurate threat identification and decision-

making during EOD operations. Additionally, a user-friendly interface was created using web-based technologies to allow for 

seamless remote control and monitoring of the rover, ensuring operators can effectively manage its functions from a distance. 

Fig. 1 User Interface To Control Rover 
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4) Communication System Setup:A Wi-Fi based communication system was implemented using a Wi-Fi module integrated with 

the Raspberry Pi 3B+ to enable seamless data transmission between the rover and the operator’s interface. For live video 

streaming, the Real-Time Streaming Protocol (RTSP) was utilized, ensuring low-latency and high-quality video transmission. 

This setup allows for effective real-time monitoring and control, crucial for EOD operations that require precise, timely 

feedback from the rover's environment. 

5) Testing and Validation:Initial testing was conducted in simulated environments to validate the rover’s performance. These tests 

focused on assessing the rover’s mobility across various terrains, ensuring sensor accuracy for effective data collection, and 

verifying the functionality of the end effector, specifically its ability to reliably cut wires of explosive devices. This controlled 

testing phase was crucial in identifying potential improvements and ensuring the rover's readiness for real-world EOD 

operations. 

 
Fig.2Proposed Remotely Operated Bomb Disposal Robot 

 

B. Data Collection 

Data collection was integral to both the development and evaluation phases of the EOD rover. Sensor data acquisition involved 

capturing continuous live-streaming video feeds using Raspberry Pi cameras to provide real-time visual data for operator monitoring 

and situational assessment. Metal detectors were also utilized to identify the presence of explosive materials, collecting detailed data 

on metal composition and location. For operational data logging, key metrics such as rover speed, direction, and maneuverability 

were recorded to analyze mobility performance across various terrains. End effector operations were logged during explosive 

handling tasks to evaluate its precision and effectiveness. Communication logs were maintained to track data transmission quality, 

latency, and reliability of the wireless communication system, ensuring consistent operator control. Additionally, user interaction 

data was monitored by tracking operator interactions with the interface, including control commands and response times, to assess 

usability. Qualitative feedback was also gathered from operators during testing phases to understand the user experience and 

identify any operational challenges for future improvements. 

 

C. Tools and Techniques 

The project leveraged a combination of hardware and software tools, along with specific techniques to facilitate the development 

and functionality of the EOD rover: 

1) Hardware Tools: The Raspberry Pi 3B+ served as the central processing unit for the EOD rover, managing sensor data, control 

commands, and communication with the operator interface. Motors and a motor driver were used to provide precise control 

over the rover’s movement, enabling speed and direction adjustments as needed. The rover was equipped with sensors, 

including live-streaming cameras and metal detectors, which ensured comprehensive threat detection and situational awareness 

during operations. A fixed end effector with a cutter was specifically designed for cutting wires of explosive devices, offering 

reliability and precision in explosive handling tasks. Additionally, wireless modules were integrated to facilitate reliable 

communication between the rover and the operator, ensuring smooth and consistent remote control. 
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2) Software Tools: The Python programming language was used to develop the control scripts, data processing algorithms, and 

interface functionalities for the EOD rover. OpenCV was integrated for image processing and real-time video analysis, 

enhancing the rover’s threat detection capabilities.  

The Flask framework was employed to build the web-based user interface, enabling operators to remotely control and monitor 

the rover through a browser. Additionally, a VNC server was implemented to provide remote desktop access, allowing 

operators to visualize and manage the rover's camera feeds and functions efficiently. 

3) Development Techniques:An Agile development approach was adopted during the EOD rover's creation, enabling an iterative 

process that allowed for continuous testing, feedback, and refinement of both hardware and software components. Multiple 

prototypes were developed to test different configurations and functionalities before finalizing the design, ensuring optimal 

performance. Simulation and modeling tools were also used to predict rover behavior and sensor performance across various 

scenarios, which helped reduce the need for extensive physical testing and allowed for early identification of potential issues. 

4) Future Enhancements: The integration of environmental sensors such as temperature and humidity will be considered in 

subsequent development phases. These sensors will complement AI-driven autonomous operations, enabling the rover to make 

informed decisions based on environmental conditions without direct human control. 

 

D. Common Mistakes 

During the development of the EOD rover, several common mistakes were identified and addressed to ensure the system's success 

and reliability. One significant issue was inadequate power management, where underestimating the power requirements of 

components led to insufficient battery life and unexpected shutdowns. To resolve this, comprehensive power audits were conducted, 

and higher-capacity batteries were implemented to ensure stable power distribution. Poor sensor integration also posed challenges, 

as improper placement and calibration resulted in inaccurate data collection and unreliable threat detection. This was mitigated by 

optimizing sensor placement through environmental analysis and conducting thorough calibration procedures. Another issue was 

relying solely on simulated testing, which overlooked challenges in real-world conditions such as varied terrains and interference. 

Expanding the testing phases to include real-world scenarios allowed for identifying and addressing these issues. 

Additionally, the user interface was initially overcomplicated, making remote operation difficult for operators. Streamlining the 

interface by focusing on essential controls improved usability and reduced operator error. Communication latency was another 

challenge, as high latency hindered real-time control and responsiveness. This was addressed by optimizing the communication 

protocol to minimize delays and ensure smooth data transmission. A lack of redundancy also threatened mission success, with 

critical components being single points of failure. To enhance resilience, redundant systems were introduced for essential 

components like communication modules and power supplies. Finally, inadequate documentation and training led to operator 

misuse and decreased efficiency. Comprehensive user manuals were developed, and training sessions were conducted to ensure 

proper usage and maximize the rover's capabilities. 

IV. EXPERIMENTAL RESULTS 

The performance of the Explosive Ordnance Disposal (EOD) rover was evaluated through a series of comprehensive tests 

conducted in simulated environments, which aimed to assess its mobility, sensor accuracy, manipulation capabilities, and overall 

operational effectiveness. 

TABLE I 

MOBILITY PERFORMANCE METRICS 

Terrain Type Speed (m/s) Stability Rating (1–5) 

Flat Concrete 08 4.5 

Gravel 0.6 3.5 

Inclined Rubble 0.3 3 

 

1) Mobility and Terrain Navigation: The EOD rover demonstrated remarkable mobility across various challenging terrains, 

including rubble, uneven surfaces, and confined spaces. During testing, the all-terrain chassis effectively navigated obstacles 

and maintained stability, showcasing its robustness and agility. The integrated motor drivers enabled precise control over speed 

and direction, allowing the rover to manoeuvre through complex environments that are typically hazardous for human 

operators. Data collected on the rover’s speed and manoeuvrability confirmed its capability to traverse difficult landscapes 

efficiently, fulfilling one of the critical design requirements for safe EOD operations. 
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2) Sensor Accuracy and Capabilities: The integrated sensors, including live-streaming cameras and metal detectors, were 

evaluated for their accuracy and reliability in detecting potential threats. The live-streaming cameras provided high-resolution 

video feeds that allowed operators to monitor the environment in real-time. Through rigorous testing, the camera system was 

able to detect movement and unusual activities with a high degree of accuracy, enhancing situational awareness for operators. 

The metal detectors performed effectively in identifying explosive materials, successfully differentiating between various metal 

compositions and alerting operators to the presence of potential threats. The data collected from these sensors confirmed their 

operational effectiveness in real-world scenarios. 

3) Manipulator Arm Performance: The robotic manipulative arm, designed for precise handling of explosives, was subjected to 

various tests to evaluate its performance. The arm successfully executed delicate tasks such as cutting wires and manipulating 

small components without triggering detonation, demonstrating high precision and reliability. The testing phase confirmed that 

the manipulator arm could efficiently neutralize threats while minimizing risks to operators. 

 
Fig. 3 Live Streaming Camera Result 
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V. FUTURE SCOPE 

1) Integration of Artificial Intelligence (AI): Future developments could focus on incorporating advanced AI and machine learning 

algorithms to enhance the rover's autonomous decision-making capabilities. This would allow the rover to analyse 

environmental data in real-time, identify potential threats more effectively, and make decisions without constant human 

intervention, thereby increasing operational efficiency. 

2) Advanced Sensor Technologies:The inclusion of cutting-edge sensors, such as hyperspectral imaging and ground-penetrating 

radar, could improve the rover's detection capabilities. These technologies would enable the rover to identify a broader range of 

explosive materials and concealed threats, providing comprehensive situational awareness for EOD teams. 

3) Enhanced Manipulative Arm:Future iterations of the rover could focus on improving the dexterity and strength of the 

manipulative arm through the use of soft robotics or advanced materials. This enhancement would allow the rover to perform 

more complex tasks, such as defusing intricate explosive devices or conducting on-site repairs. 

4) Customization for Various Environments: The EOD rover could be designed to operate effectively in diverse environments, 

including urban settings, disaster-stricken areas, and military operations. Customization for specific applications would increase 

its versatility and enable broader use in humanitarian missions and search and rescue operations. 

5) Swarm Robotics Implementation:Expanding the communication infrastructure to support multiple rovers operating 

simultaneously in a coordinated manner could significantly enhance overall operational effectiveness. Implementing swarm 

robotics principles would allow for greater coverage of hazardous areas and enable complex operations involving multiple units 

working together seamlessly. 

6) Improved Communication Systems: Future developments could include enhancing the communication protocols to minimize 

latency and increase reliability. This improvement would ensure smooth data transmission and enable effective remote control, 

particularly in challenging environments. 

7) User Training and Documentation Enhancements:Providing comprehensive training programs and user manuals for operators 

will be essential to maximize the rover’s capabilities and ensure effective usage. Future efforts could focus on developing 

virtual training environments to simulate various scenarios operators may encounter. 

 

VI. CONCLUSION 

The development of the Explosive Ordnance Disposal (EOD) rover marks a significant advancement in bomb disposal technology, 

effectively addressing the critical need for safer and more efficient methods of handling explosive threats. Through a 

multidisciplinary approach integrating robotics, sensor technology, and real-time communication, the rover demonstrated 

remarkable mobility across challenging terrains, ensuring operator safety in hazardous environments. Its integrated sensors provided 

real-time situational awareness and effective threat detection, while the manipulative arm exhibited high precision in executing 

delicate tasks without triggering detonation. By minimizing human involvement in high-risk scenarios, the EOD rover significantly 

reduces the potential for injury or fatality among bomb disposal technicians, enhancing overall operational efficiency and paving the 

way for future advancements in EOD robotics, including the potential integration of environmental sensors and autonomous 

capabilities. 
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