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ABSTRACT

NaviCam Rover, a modular autonomous robotic system engineered to elevate disaster response strategies
executed by the National Disaster Response Force (NDRF). The system integrates advanced LiDAR sensors for high-
precision environmental mapping, real-time SLAM (Simultaneous Localization and Mapping) for autonomous
navigation, and a Raspberry Pi microcomputer for processing and control. One of its key features is mobile phone
control, which enhances user accessibility and flexibility. The rover also employs a SIM-based mini router to
establish long-range communication in disaster-stricken zones where traditional infrastructure is often
compromised or non-functional.

The primary objective of this rover is to function effectively in hazardous environments where human access is risky
or infeasible. The LiDAR and SLAM combination allows it to navigate autonomously while generating accurate
maps in real time, thereby assisting the NDRF in developing informed rescue strategies. The Raspberry Pi acts as
the central controller, interfacing with all sensors and communication modules, and managing the robot's behavior
and decision-making process.

In testing scenarios, the system demonstrated effective obstacle detection, stable mapping, and consistent
communication performance. Mobile control adds a practical layer, allowing operators to maintain safe distances
while still executing complex surveillance tasks. This paper underscores the potential of low-cost, scalable robotic
systems equipped with real-time mapping and communication technologies in revolutionizing disaster response. By
minimizing risks to human responders and enhancing operational efficiency, the NaviCam Rover sets a precedent
for the integration of autonomous systems in emergency response strategies.
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1. INTRODUCTION

The NaviCam Rover is a cutting-edge remote surveillance and exploration platform, engineered specifically for
challenging and hazardous environments. It provides real-time data collection and monitoring by integrating
advanced technologies such as LiDAR for precision mapping, a Raspberry Pi for system control, SLAM for real -
time localization and mapping, and a mini router with a dedicated SIM card for extended-range connectivity.

The LiDAR system enables precise environmental mapping and obstacle detection, allowing the rover to
autonomously navigate rugged terrains while avoiding potential hazards. This capability proves invaluable in high-
risk areas where human access is either limited or dangerous.

At the heart of the system lies the Raspberry Pi, serving as the primary processing unit. It efficiently handles sensor
data, movement control, and communication with remote control stations. Its modularity supports task-specific
customization, such as environmental surveillance and search-and-rescue missions.

A mini router, equipped with a specialized SIM card, provides reliable long-distance communication. This
connectivity is vital in disaster-stricken regions where existing infrastructure is compromised or nonexistent.
Control of the rover is achieved through a mobile phone interface, enabling intuitive and remote operation from safe
distances. This adds another layer of accessibility and practicality to the overall system.
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In summary, the NaviCam Rover’s robust and modular design positions it as a powerful solution for autonomous
operations in complex, high-risk environments.

2. PROBLEM DEFINITION

In the aftermath of natural disasters, quick and effective response efforts are essential to saving lives and minimizing
damage. The National Disaster Response Force (NDRF) plays a central role in rescue and relief operations across
India's vast and diverse terrains. However, they often face the challenge of operating in inaccessible and hazardous
areas where human deployment is hindered by safety risks or infrastructural damage. Current technologies used in
such operations frequently fall short in delivering real-time situational awareness, particularly in regions with poor
communication networks.

There is a pressing need for autonomous systems capable of supporting NDRF personnel by offering accurate, real-
time terrain data and obstacle detection. Integrating LiDAR with lightweight computing platforms like the
Raspberry Pi shows great promise in fulfilling this need. LIDAR’s precision mapping is essential for navigating
through rubble, floodwaters, or collapsed structures. However, the limited processing power of small computing
units constrains real-time implementation.

Furthermore, achieving dependable, long-range connectivity in disaster zones remains a major hurdle. Traditional
networks may be offline, and SIM-based mini routers, while offering potential, face limitations in terms of data
speed and latency.

For the NDRF, autonomous systems that can navigate difficult terrain, collect critical data, and transmit it in real
time would significantly enhance mission effectiveness. These systems could reduce human exposure to dangerous
conditions while improving operational efficiency. The primary challenge lies in designing a cost-effective, scalable
solution that merges LiDAR, Raspberry Pi, SLAM, mobile phone control, and long-range communication
technologies.

3. OBJECTIVES
o Develop an autonomous rover for use in inaccessible, high-risk terrains.
Integrate LiDAR for accurate, real-time terrain mapping and obstacle avoidance.
Employ a Raspberry Pi as the central processing unit for control and communication.
Enable long-range communication through a SIM-enabled mini router.
Implement SLAM algorithms for real-time localization and mapping.
Operate and control the rover using a mobile phone interface.
Improve NDRF’s situational awareness and safety during disaster operations

4. LITERATURE REVIEW

Research in autonomous robotics and disaster response has been extensive and varied. Manoj Kumar M et al. (2016)
demonstrated that a Raspberry Pi-based internet-controlled robot can function effectively in remote areas, thereby
proving the feasibility of such systems for real-time field applications.

Rivai M et al. (2020) emphasized the role of LiDAR in achieving 2D environmental mapping, a foundational
requirement for autonomous systems.

Siegwart et al. (2011) provided comprehensive theoretical groundwork for autonomous navigation and SLAM
algorithms, which are core components of the NaviCam Rover.

Al-khawaldah and Nuchter (2012) further explored multi-robot mapping strategies using rotating 3D scanners,
opening avenues for cooperative operations in large disaster sites.

Cho and Seo (2019) introduced a hybrid mapping model using UAVs and UGVs, proving that collaborative
platforms enhance 3D mapping accuracy and efficiency in rough terrain.

Jeong et al. (2021) addressed the practical challenges of autonomous motion planning on uneven terrain, which is
particularly relevant for post-disaster conditions.

Giannoccaro et al. (2023) focused on the integration of LiDAR and IMU for improved odometry and obstacle
detection, leading to better situational awareness. Collectively, these studies validate the importance of sensor
fusion, real-time data processing, and communication in robotic platforms designed for disaster scenarios.
Furthermore, the growing body of literature on SIM-based networking and mobile phone interface design
underscores the viability of using cellular networks for reliable long-range control. The NaviCam Rover integrates
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all these advances to offer a functional, real-world system capable of supporting search and rescue missions in the
most demanding environments.

5. PROPOSED WORK

To enhance the NaviCam Rover's capabilities, the following future developments are proposed:

e Integration of Al-based decision-making systems for intelligent obstacle avoidance and route planning.
Development of swarm robotics for large-scale area coverage in collaboration with aerial drones.
Implementation of solar charging modules to increase operational duration in the field.

Enhancement of communication protocols to enable mesh networking in areas without infrastructure.
Incorporation of thermal and gas sensors for hazardous environment detection.

Upgrading to edge computing platforms for faster local processing.

Improving terrain adaptability using adaptive suspension or track-based systems.

5. METHODOLOGY

The NaviCam Rover's architecture is modular, allowing seamless integration and independent operation of each
component:

e LiDAR Integration: A 360-degree LIDAR sensor captures high-resolution environmental data. The
system processes this data to identify terrain
irregularities and potential hazards.

e Processing Unit (Raspberry Pi): The Raspberry Pi 4
is selected for its balance of performance and energy
efficiency. It runs the ROS2 framework to coordinate
communication and control across subsystems.

e SLAM Implementation: SLAM algorithms like
Cartographer or Gmapping are integrated into ROS2 to
perform real-time mapping and localization, allowing
the rover to navigate unfamiliar environments
effectively.

e Communication Setup: A SIM-based mini router facilitates Wi-Fi and long-distance data transmission,
enabling remote monitoring and control in areas without reliable infrastructure.

e Mobile Phone Control: The system is designed to be operable using a mobile phone interface, allowing
intuitive user control and flexibility in deployment.

e Power Supply: A rechargeable Li-ion battery powers all systems, supported by a custom power
management circuit to ensure optimal energy distribution and system uptime.

e Testing and Validation: The system will undergo rigorous testing in simulated disaster environments to
evaluate mapping accuracy, navigation reliability, and communication performance.

6. WORKING

The NaviCam Rover works as an integrated system s o
where each module communicates through the

Robot Operating System (ROS2). LiDAR Fio 6.1 @ _‘
continuously scans the surrounding environment &b =

and feeds point cloud data to the SLAM algorithm, Integration of -
which constructs a dynamic 2D map in real-time. components with

The Raspberry Pi interprets these data sets to Pi5, lidar and s
generate safe navigation paths. See fig 6.1 The Arduino Mega

operator uses a mobile phone connected through

the mini router to control or monitor the rover. The
mobile interface displays the map and sensor data,

allowing for semi-autonomous decision-making.
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Power is distributed through a battery pack, managed by a power regulation circuit. The rover is capable of obstacle
detection, autonomous rerouting, and relaying live footage or data back to the operator, even from remote disaster-
struck zones.

6.1. HARDWARE AND SOFTWARE REQUIREMENT

Hardware:
e Raspberry Pi 4 Model B
360-degree LiDAR sensor
SIM-based mini router
Li-ion battery pack
Motor driver module
DC/Stepper motors
Custom-built rover chassis
e IMU sensor (for orientation)
e  Power regulation and distribution circuit

Technology Stack:

Embedded System: Raspberry Pi

Operating System: Ubuntu Linux (20.04)

Robotics Middleware: ROS2

Mapping and Navigation: LiDAR, SLAM

Communication: Mobile Router with SIM (Wi-Fi hotspot), Mobile Phone Interface
e Programming Language: Python, C++

7. ADVANTAGES

e  Autonomous operation reduces risk to human responders.
Real-time terrain mapping improves situational awareness.
Modular architecture allows easy upgrades and customization.
SIM-based router provides extended-range communication.
SLAM enables navigation in previously unknown environments.
Mobile control enhances remote operation and accessibility.

8. DISADVANTAGES

Limited onboard processing power may restrict performance under high data loads.
e Communication could be impacted in areas with no cellular coverage.

e  Battery-powered systems may require frequent recharging or replacement.

o Initial setup cost and calibration may be high for widespread deployment.

9. APPLICATIONS

Search and rescue operations in earthquake or flood-affected areas
Surveillance in hazardous industrial or chemical zones

Terrain mapping in areas without reliable geographic data

Remote inspection of critical infrastructure post-disaster

Real-time data collection for disaster response planning
Autonomous scouting for defense or border security in risky terrain

10. CONCLUSION

The NaviCam Rover showcases how autonomous systems can revolutionize disaster response strategies. Its
integrated, modular approach enables operation in complex environments where human presence may be risky. By
combining technologies like LIDAR, Raspberry Pi, SLAM, mobile phone control, and long-range communication, it
serves as a robust, scalable, and cost-effective solution to support NDRF missions. The system’s real-time

26118 ijariie.com 1325



Vol-11 Issue-2 2025 IJARIIE-ISSN(O)-2395-4396

situational awareness, autonomous movement, and dependable communication make it an essential tool for modern
disaster management. Future enhancements could include Al-based decision systems, integration with drone fleets,
and collaborative swarm robotics for wider area coverage.
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