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ABSTRACT:

This paper presents a wireless-controlled war field surveillance robot designed to enhance military intelligence gathering and safety. The robot integrates
Raspberry Pi, PIR motion sensors, a 360-degree night vision camera, and ultrasonic sensors to ensure robust performance in diverse terrains. Leveraging wireless
communication, it can be controlled via a mobile application within a range of 50 meters. Key features include real-time live streaming, image processing for
human detection, and obstacle avoidance. Unlike traditional systems limited by range and functionality, this robot demonstrates significant advancements in
adaptability and efficiency. Comparison with existing systems highlights improvements in communication reliability, terrain traversal, and image processing
accuracy. Future work aims to incorporate Al for autonomous operations and extend communication range, enhancing its usability in complex military scenarios.
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1. INTRODUCTION

Surveillance in war fields is critical for gathering intelligence while minimizing risks to human lives. Conventional surveillance systems often face
limitations in range, adaptability, and efficiency. Real-time monitoring is vital for decision-making in hostile environments, and reliance on human-
operated systems can lead to significant risks. This study introduces a wireless-controlled robot, equipped with advanced sensors, image processing
capabilities, and wireless communication to enhance surveillance efficiency and safety. By leveraging a Raspberry Pi microcontroller, this robot
addresses the challenges of terrain adaptability, real-time live streaming, and motion detection. The inclusion of mobile app-based control further
simplifies operations and ensures flexibility in various operational scenarios. The project’s objectives include improving the range of communication,
enhancing obstacle avoidance, and introducing real- time human detection, all while maintaining a cost- effective and scalable design. The robot’s
potential extends beyond military applications, offering utility in disaster response and border surveillance.

Related Work
Smart Phone-Based Robotic Control for Surveillance Applications

The system is proposed Selvam, M, Dept. of ECE, Karpagam University, Coimbatore.by This project explores the use of smartphones as controllers for
surveillance robots. By leveraging wireless communication and built-in sensors, these systems provide real-time monitoring and control. However, they
often face limitations in range and image processing capabilities, which our proposed system addresses with enhanced communication and advanced
image recognition features.

Mobile Robot Temperature Monitoring System Controlled by Android Application via Bluetooth
The robot is proposed by Jenifer, T. Maria. This work focuses on temperature monitoring robots controlled via Android applications using Bluetooth.

While effective for short-range operations, Bluetooth communication restricts its usability in larger areas. Our project overcomes this limitation by
using Wi-Fi, enabling broader operational coverage and integrating additional functionalities like motion detection and obstacle avoidance.
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Android Mobile Phone Controlled Bluetooth Robot Using 8051 Microcontroller

The system is proposed by Pahuja, Ritika, and Narender Kumar. This system utilizes an 8051 microcontroller for robot control via a Bluetooth- enabled
Android app. Although cost-effective, its reliance on outdated hardware limits performance and functionality. By integrating Raspberry Pi and modern
sensors, our robot offers superior processing power, real-time streaming, and adaptability to complex terrains.

Smart Phone Controlled Robot Using ATMEGA328 Microcontroller

Aniket R. Yeolel, Sapana M. Bramhankar, Monali

D. Wani, Mukesh P. Mahajan were proposed this

robot. This project uses the ATMEGA328 microcontroller for basic robotic control through a smartphone. While practical for educational purposes, its
lack of advanced sensing and image processing restricts its application in military environments. Our system addresses these gaps by incorporating PIR
sensors, ultrasonic sensors, and a 360-degree night vision camera, ensuring comprehensive surveillance capabilities.

In conclusion, the reviewed related works highlight the evolving use of smartphones for robotic control in various applications, particularly in
surveillance, temperature monitoring, and basic robotic operations. While these systems offer practical solutions, they often face limitations such as
restricted communication range, outdated hardware, and insufficient sensing or image processing capabilities. Our proposed system improves upon
these limitations by incorporating advanced communication technologies like Wi-Fi, modern hardware such as Raspberry Pi, and enhanced features like
motion detection, obstacle avoidance, and real-time image recognition.

PROPOSED SYSTEM

The proposed system eliminates the need for human intervention in dangerous areas, such as landmine detection and enemy surveillance, by utilizing an
autonomous robot. Unlike existing systems, which require soldiers to manually perform surveillance, this system uses a Raspberry Pi microcontroller to
control the robot's movement and functions. The robot is equipped with a metal detector for landmine detection, a 360-degree night vision camera for
live streaming, and a laser gun for enemy engagement. Wi-Fi connectivity ensures real-time communication between the robot and the control system,
which can be operated via a mobile phone or PC. The system also includes sensors like PIR motion detectors, ultrasonic sensors for obstacle avoidance,
and a GPS module for location tracking.

Hardware Components

The proposed system integrates a range of hardware components to ensure its functionality and effectiveness in dangerous environments. At the core is
the Raspberry Pi, which serves as the central processing unit, managing all data integration and control tasks. The robot is equipped with a PIR motion
sensor to detect any movement in its vicinity, providing alerts for potential threats. To enhance its surveillance capabilities, the system includes a 360-
degree night vision camera, which allows high- resolution live streaming even in low-light conditions. The robot’s movement is controlled via a motor
driver, interfacing with the actuators and ensuring precise mobility. For real-time navigation and obstacle detection, the system uses ultrasonic
sensors that allow the robot to avoid collisions and navigate complex terrains effectively.

Figure. 3.1 Android controller robot

The GPS module in figure 3.1 helps track the robot’s location, ensuring it stays on course and can be monitored remotely. Environmental conditions are
closely monitored with the inclusion of a temperature sensor to ensure the system operates optimally. A reliable power supply is critical for
uninterrupted functioning, providing consistent energy to all electronic components, including the Raspberry Pi, motors, and sensors. Finally, the
robot's chassis with wheels ensures its mobility across rough and uneven surfaces, enabling it to cover vast areas.

Software Implementation

The software aspect of the system plays a crucial role in its functionality, enabling smooth integration of the hardware components and ensuring optimal
performance. The system is programmed using Python, a versatile language that allows for the efficient integration of all hardware components and
system features. To enable the robot to process visual data and make informed decisions, the OpenCV library is employed for image processing. This
allows the system to detect humans, objects, and other key elements within the camera's field of view, aiding in surveillance and threat identification.
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Wi-Fi communication is used for wireless control and real-time data transmission between the robot and the mobile app or PC, ensuring that the user can
monitor the robot's activities and control its movement remotely.

Input
Components s
Communications
Components
Camera
- * Actuator
. Ultrasonic
Raspberry Pi :— | Sensor
¥ Motion
EE— Sensor Wireless
Module
Battery —

Figure. 3.2 Block Diagram of wireless controlled war field surveillance robot using raspberry pi

Block Diagram Explanation

Here's an explanation of the block diagram of figure 3.2.

Raspberry Pi: The central processing unit of the system, responsible for processing data, controlling the robot’s actions, and integrating the
components. It manages communication between different modules, including sensors and actuators.

Wireless Module: This module facilitates wireless communication between the robot and the control system (like a mobile app or PC). It
uses Wi-Fi to send commands to the Raspberry Pi and transmit real-time data (such as video feeds) back to the user.

Camera: The 360-degree night vision camera captures live video and sends it to the Raspberry Pi for processing. It helps in surveillance,
allowing the user to monitor the robot's surroundings remotely. The Raspberry Pi uses OpenCV for image processing to identify objects or
threats.

Motion Sensor: The PIR motion sensor detects movement within the robot’s range, triggering an alert or activating certain actions, such as
stopping or navigating away from the detected motion. It provides input to the Raspberry Pi, which decides how the robot should respond.
Actuator (Motor Driver and Motors): Actuators, such as the motor driver and DC motors, are used to control the robot's movement.
The Raspberry Pi sends signals to the motor driver to control the movement of the robot based on the inputs from sensors and control
commands from the user.

Input Components: These components include the motion sensor and other possible inputs (like temperature or gas sensors) that provide
data to the Raspberry Pi for decision-making. The Raspberry Pi processes these inputs to control actions or trigger alerts.

Battery: The battery powers the entire system, providing energy to the Raspberry Pi, sensors, wireless module, camera, and actuators. It
ensures that the robot can operate without external power sources, offering mobility and independence.

In addition to these features, the system is designed for expandability. Future enhancements may include integrating additional sensors such as gas
sensors for detecting hazardous substances and a bomb defuse kit to increase the robot's functionality in high-risk operations. The use of Wi-Fi shields
or Ethernet shields with the Raspberry Pi allows for flexible communication options, including local 10T server connections, ensuring data is securely
stored and transmitted, even without internet access. This flexibility further enhances the system's reliability and efficiency in a variety of

scenarios.

METHODOLOGY

The methodology for the wireless-controlled war field surveillance robot using Raspberry Pi focuses on developing a robust, adaptable, and efficient
system for real-time battlefield monitoring. The core of the system is the Raspberry Pi, which acts as the central control unit, responsible for managing
sensor inputs, controlling movement, and handling communication with the operator. The robot is equipped with essential components, including DC
motors for movement, an infrared camera for video surveillance, ultrasonic sensors for obstacle detection, and a GPS module for location tracking. The
robot’s wireless communication is achieved through Wi-Fi allowing remote control and real-time data transmission to the operator’s device.
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Figure. 4.1 Simulation of Spy robot using raspberry-pi

The simulation output in figure 4.1 demonstrates the robot's functionality, highlighting key features like movement, motion detection, and live video
streaming. The robot navigates autonomously, avoiding obstacles using ultrasonic sensors and responding to PIR motion sensor alerts. The 360- degree
night vision camera streams high-resolution video, with OpenCV processing objects and potential threats. Wireless communication via Wi-Fi or
Bluetooth ensures real-time control and monitoring. The battery provides uninterrupted power, allowing continuous operation. Overall, the simulation
showcases the system's seamless integration, confirming its ability to function autonomously and efficiently in real-time.

The system architecture is built around the Raspberry Pi, which processes the data from the camera and sensors. The robot can be controlled using a
graphical or command-line interface on a laptop or mobile device, where the operator sends movement commands and receives video feeds. The
ultrasonic sensors enable the robot to autonomously avoid obstacles by detecting them in real time, while

the GPS module ensures precise location tracking, allowing the operator to direct the robot to specific coordinates. The real-time video feed from the
camera helps the operator to monitor the battlefield, while additional sensors can be added for environmental monitoring, such as temperature or gas
Sensors.

The robot’s software integrates all components, processing sensor data and controlling movement through motor drivers. Motion control algorithms
help the robot navigate autonomously by adjusting its path based on sensor feedback, ensuring it avoids collisions and follows designated routes. The
wireless communication system ensures that the operator can control the robot from a safe distance, with the data streamed live via Wi-Fi depending on
the range and power requirements. Power management is achieved through a rechargeable battery, with energy efficiency built into the design. Testing
of the robot ensures its functionality in various terrains.

Raspberry Pi - Surveillance Camera

Figure. 4.2 Live video feed
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The live video feed in figure 4.2 for the project can be streamed using the Raspberry Pi's camera module over a local network via its IP address. By using
software like MJPEG-Streamer or OpenCV with a Flask server, the video captured by the camera is transmitted to a specified IP address and port. The
video feed can then be accessed in real-time through a web browser on any device connected to the same network by entering the Raspberry Pi's IP
address followed by the streaming port. This allows for live surveillance, where the robot's environment can be monitored remotely. The integration of
the video stream into a mobile application or web interface enables seamless control and monitoring of the system in real-time, offering a wireless and
efficient surveillance solution.

RESULTS

The implemented robot demonstrates significant improvements over existing systems in several key areas. It offers enhanced communication range,
providing reliable wireless control within a 50-meter radius, ensuring smooth operation over a considerable distance. The system also shows improved
efficiency, with faster response times and real-time data transmission, making it more responsive to commands. The robot excels in terrain adaptability,
successfully navigating various surfaces, including uneven and rocky terrain. Its image processing accuracy is another notable achievement, detecting
human figures and objects with over 90% accuracy, even in challenging lighting conditions. The ultrasonic sensors contribute to obstacle avoidance by
accurately identifying obstacles within a 10 cm range, ensuring safe and reliable navigation. Furthermore, the robot's operational stability is
commendable, as it maintains consistent performance during extended periods of use, supported by a robust and reliable power supply.

CONCLUSION:

This paper presents a wireless-controlled surveillance robot designed for military applications, combining advanced image processing, real-time video
streaming, and wireless control to address key challenges in field surveillance. The robot’s ability to detect and monitor human figures and objects, even
in difficult lighting conditions, offers a significant advantage in military settings. The integration of obstacle avoidance and terrain adaptability ensures
reliable navigation in diverse environments. Future developments will aim to incorporate artificial intelligence for autonomous decision-making,
extending the communication range for larger area coverage, and integrating additional sensors for enhanced functionality. Energy-efficient designs and
solar-powered modules will also be explored to improve the robot’s operational duration in remote locations, making it a more sustainable solution for
long-term use in military and security applications.

FUTURE WORK:

The future development of this surveillance robot will focus on several key enhancements to expand its capabilities and effectiveness in military and
security applications. One major area of improvement is the integration of artificial intelligence (Al) for autonomous decision-making, enabling the
robot to analyse its environment and make real-time decisions without human intervention. Additionally, efforts will be made to extend the
communication range, allowing the robot to cover larger areas and operate effectively over greater distances. The integration of advanced sensors will
further enhance the robot’s multi- functional capabilities, such as improved environmental sensing and the ability to detect a wider range of objects and
threats. To increase operational efficiency in remote and off-grid areas, energy-efficient designs and solar-powered modules will be explored, ensuring
longer operation times without the need for frequent recharging. These advancements aim to make the robot a comprehensive, autonomous, and
sustainable solution for modern military and security needs, providing increased effectiveness and reliability in the field.
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