Journal of Information Systems Engineering and Management
2025, 10(4)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

AloT Autonomous Rover for Space and Agriculture
Application

Dr. Sanjay L. Kurkute'", Dr. Amit R. Gadekar2, Vibhanshu Waghmares, Swami Kurkute3, Akshata Salves
1Dean R&D, Pravara Rural Engineering College Loni, CEO PRISM Forum
2HOD SITRC Nashik, Sandip Institute of Technology & Research Centre, Nashik
3Sandip Institute of Technology & Research Centre, Nashik
Corresponding author
Dr. Sanjay L. Kurkure [Dean R&D PREC Loni CEO PRISM Forum]
drsanjaykurkute@gmail.com

ARTICLE INFO ABSTRACT

Received: 12 Nov 2024 The development of an AI Interactive Autonomous Rover addresses the critical need for reliable

autonomous navigation and object mapping in both terrestrial and extraterrestrial environments.

This project focuses on creating a rover capable of navigating autonomously to specified GPS

Accepted: 20 Jan 2025 coordinates using advanced Al algorithms integrated with GPS and SLAM (Simultaneous
Localization and Mapping) technology. The rover will feature remote voice command capabilities
through speech recognition and NLP, allowing users to control the robot from a distance. Equipped
with high-resolution cameras and sensors, the robot will capture images and mapped the
surrounding, transmitting it back to the user securely and in real-time. The modular design of the
rover ensures adaptability to various missions, including space exploration, environmental
monitoring, and agricultural applications. The expected outcome is a fully operational prototype
demonstrating the rover's capabilities, with potential for further adaptation in diverse fields such
as disaster management and urban planning.
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Introduction

The intersection of Artificial Intelligence (AI) has led to the emergence of Al, a transformative technological paradigm
that enhances the capabilities of autonomous systems. The proposed project, titled "AT Autonomous Rover for Space
and Agriculture Application" aims to harness the power of Al to create a rover capable of autonomously navigating
complex environments, gathering crucial data and transmitting it back to users in real-time. Autonomous systems
equipped with Al capabilities are increasingly vital in scenarios where

human intervention is either impossible or impractical, such as space exploration, remote monitoring and hazardous
environment management. This project focuses on developing an AI - powered vehicle robot that can autonomously
navigate to specified GPS coordinates using GPS and Simultaneous Localization and Mapping (SLAM) technology.
Furthermore, the integration of a speech recognition system will allow users to control the robot remotely through
voice commands, enhancing its interactivity and ease of use.

The AI robot will be outfitted with high-resolution cameras and a suite of sensors designed for comprehensive
environmental data acquisition. The reliable and secure transmission of this data is paramount, especially in critical
applications such as space exploration, where real-time decision- making and monitoring are essential. Additionally,
the robot's modular design allows for adaptability across various applications, including terrestrial uses such as
agriculture, environmental monitoring and disaster management. This project aims to push the boundaries of current
autonomous vehicle technology by exploring its potential applications in extreme environments, particularly in space
exploration. By developing a robust and versatile Al Interactive Autonomous Vehicle Robot, this project seeks to
contribute to the advancement of autonomous systems capable of functioning effectively in both known and unknown
terrains. The main difficulty in such rough-terrain navigation is correctly modeling the quasi-static interactions
between the rover and terrain. These models are further complicated by the fact that important physical properties,
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e.g. soil cohesion, are known imprecisely and vary as the rover moves. One would like to have navigation algorithms
that produce paths that are robust in the face of this uncertainty and that incorporate recent past experience in
planning subsequent motions. Such a navigation algorithm would enable a whole new class of missions to reliably
and effectively explore the more interesting areas of Mars and other bodies [15].

This project aims to push the boundaries of current autonomous vehicle technology by exploring its potential
applications in extreme environments, particularly in space exploration. By developing a robust and versatile AlIoT
Interactive Autonomous Vehicle Robot, this project seeks to contribute to the advancement of autonomous systems
capable of functioning effectively in both known and unknown terrains.

One of the key challenges in deploying autonomous systems in remote and extreme environments is ensuring reliable
and secure data transmission. The AIoT rover will utilize robust communication protocols, including Wi-Fi,
Bluetooth, and satellite-based transmission, depending on its operational environment. This ensures that critical
information collected by the rover can be transmitted with minimal latency, enabling real-time monitoring and
analysis, which is especially crucial for space exploration and agricultural applications. The modular architecture of
the AIoT rover ensures scalability and adaptability across multiple domains. In space exploration, it can be deployed
for planetary surface mapping, resource identification, and extraterrestrial environmental analysis. Meanwhile, in
agriculture, the rover can assist in precision farming by analyzing soil conditions, monitoring crop health, and
optimizing irrigation strategies.

To ensure robust data collection, the AIoT rover is equipped with a suite of high-resolution cameras and specialized
sensors. These sensors include temperature, humidity, gas detection, and pressure sensors, allowing the rover to
gather critical environmental information. In agricultural applications, these sensors help analyze soil conditions,
crop health, and climate variations, thereby supporting precision farming techniques that enhance productivity and
sustainability. Meanwhile, in space exploration, the rover can assess surface conditions, detect potential resources,
and transmit crucial data for further analysis.

Reliable and secure data transmission is a fundamental requirement for an autonomous system operating in remote
or extreme environments. The AIoT rover will employ multi-channel communication protocols, including Wi-Fi,
Bluetooth, long-range (LoRa) communication, and satellite connectivity, depending on operational constraints.
These communication modes ensure that the collected data is transmitted with minimal delay to mission control or
agricultural monitoring systems, facilitating real-time decision-making. Moreover, cloud-based data storage enables
long-term analytics and remote access, allowing stakeholders to access mission data from anywhere in the world.

The modular design and scalability of the AIoT rover make it adaptable for various industries. The modular nature
allows for easy integration of new sensors, improved computing capabilities, and additional functionalities,
depending on the specific application requirements. In disaster management, the rover can be deployed for search
and rescue operations, structural assessments, and environmental monitoring to provide real-time situational
awareness. Similarly, in industrial automation, it can assist in site inspections, hazardous material detection, and
predictive maintenance, improving overall efficiency and safety in workplaces.

By pushing the boundaries of Al-driven autonomy and IoT connectivity, this project aims to set a new benchmark for
intelligent autonomous systems. The AIoT rover represents a scalable and modular framework that can be adapted
to different mission objectives, making it a valuable tool across multiple industries. Whether in the hostile terrains
of Mars, the vast expanses of agricultural fields, or disaster-stricken regions, the rover’s ability to operate
independently and relay critical information in real time ensures efficient, reliable, and intelligent automation.

The AloT rover's ability to navigate autonomously, interpret commands, collect data, and operate in extreme
environments makes it a groundbreaking innovation. It paves the way for advanced robotics in space exploration,
smart agriculture, disaster response, and industrial automation, demonstrating the limitless possibilities of AI-driven
autonomous systems. Through this research and development, the project aspires to contribute to the evolution of
intelligent robotic solutions that enhance productivity, safety, and sustainability across multiple sectors.

Unlike traditional robotic systems, which rely heavily on pre-programmed instructions, this rover leverages machine
learning algorithms and real-time sensor data to adapt dynamically to its environment. Its ability to analyze terrain,
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detect obstacles, and optimize navigation routes makes it a versatile tool for applications ranging from extraterrestrial
exploration to precision farming. By integrating cloud computing and edge processing, the rover ensures seamless
communication and data sharing, making it an essential asset in remote and high-risk operations.

PROPOSED SYSTEM BLOCK DIAGRAM AND ALGORITHM
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Fig 1. Schematic Diagram of the Autonomous Rover [1]

The Fig 1. The AIoT Autonomous Rover architecture integrates hardware and software components to enable
seamless autonomous navigation and environmental interaction. It includes modules for GPS-based navigation,
LIDAR-based obstacle detection, motor control, and a Raspberry Pi as the core processing unit. These components
are interconnected via robust software libraries and hardware interfaces, providing a modular and scalable system.

At the heart of the system is the Raspberry Pi 4B, which serves as the central processing unit. It acts as the
computational backbone, handling real-time sensor data processing, communication, and AI model execution. The
rover is equipped with a LIDAR sensor (A1MS8) for obstacle detection and terrain mapping, enabling safe and efficient
movement without human intervention. Additionally, a GPS module (NEO-7M) ensures precise location tracking,
allowing the rover to navigate autonomously to predefined coordinates.

To facilitate mobility, the system includes DC motors controlled via an L298N motor driver, ensuring smooth and
adaptable movement across different terrains. The power supply system, consisting of a 12V battery, provides
adequate energy for all onboard components, ensuring uninterrupted operations. The body of the rover is constructed
using 3D-printed and acrylic components, making it lightweight yet durable for challenging environments.AloT
Autonomous Rover architecture is designed to be an efficient, intelligent, and versatile system capable of performing
complex tasks in extreme conditions.

FLOW CHART/ DATA FLOW OF PROJECT

Fig 2 below shows the user data flow process. The AIoT Autonomous Rover follows a structured data flow to ensure
seamless mission execution from start to finish. The process begins with the mission initiation, where the rover is
activated and set into operational mode. Following this, the environment sensing phase takes place, during which the
rover employs various onboard sensors such as LIDAR, GPS, and IMU to gather real-time data about its
surroundings. These sensors play a crucial role in enabling obstacle detection, path planning, and ensuring safe
navigation.
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Fig 2. User Registration Process

Once sufficient environmental data is collected, the system moves to route planning, where it determines the most
optimal path to the designated target location. This is done using AI-driven algorithms that take into account the
detected obstacles and available pathways. Before execution, the planned route undergoes a clearance check to assess
whether there are any obstructions. If an obstacle is detected, the system dynamically recalculates an alternative path
to ensure smooth navigation.

Upon confirming a clear route, the rover enters the navigation execution phase, during which it moves autonomously
towards the target destination while continuously adjusting its course based on sensor feedback. The system
constantly evaluates whether the rover has reached the intended location. If the destination is yet to be achieved, it
continues navigating; otherwise, it proceeds to the surrounding mapping phase. At this stage, the rover scans the
environment using LIDAR and vision-based sensors to generate a comprehensive map of the area.

After mapping is complete, the system initiates data transmission, where the collected mapping data is processed and
wirelessly sent to a remote system for further analysis and storage. Following this, the rover autonomously initiates
its return navigation, retracing its path back to the origin using the same Al-based algorithms applied during
outbound navigation. The system continuously verifies whether the rover has reached its original starting point. If
deviations occur, real-time adjustments are made to align the rover with the correct trajectory.
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WORKING AND OUTPUT

The AloT Autonomous Rover operates through a structured process that integrates GPS navigation, real-time
mapping, and autonomous decision-making to complete its tasks efficiently. The rover's functionality involves
receiving user inputs, processing navigation commands, avoiding obstacles, and dynamically mapping its
environment.

1. Coordinate Input

The user enters the target GPS coordinates (latitude and longitude) using a remote interface or mobile application.
The system validates these coordinates to ensure they fall within the operational boundaries .

2. Command Transmission

The navigation command is transmitted wirelessly to the rover using a communication module such as Wi-Fi or
Bluetooth.

3. GPS Navigation

The GPS module, such as NEO-7M, determines the rover’s current position. A navigation algorithm calculates the
optimal path to the target destination. The rover then starts moving while continuously updating its location to stay
on course.

7.9 Hz (474 RPM)

4. Simultaneous Mapping (SLAM)

The RPLiDAR A1MS8 scans the surroundings in real-time to generate a 2D map. The rover employs SLAM
(Simultaneous Localization and Mapping) algorithms to detect obstacles and adjust its path dynamically. The
generated map data is transmitted to the remote interface for real-time monitoring.

figure no. ;1.1.2 LiDAR MAPPING
5. Obstacle Detection and Avoidance

If the rover encounters an obstacle, the LiDAR sensor detects it, and the system recalculates an alternative path. The
obstacle avoidance mechanism ensures smooth and safe movement toward the destination without user intervention.
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6. Arrival at Destination

The rover stops upon reaching the specified GPS coordinates. A completion notification is sent to the user through
the remote interface, confirming the successful completion of the journey.

ouTPUT
Accurate GPS Navigation

The rover successfully follows the computed path, continuously updating its position to ensure precision in reaching
the designated GPS coordinates. The navigation algorithm dynamically adjusts based on environmental changes,
ensuring efficient and accurate movement even in complex terrains.

Real-time Environmental Mapping

The integrated RPLiDAR system generates a real-time 2D map of the surroundings, allowing users to monitor and
analyze the rover’s environment remotely. This feature is particularly useful for applications requiring terrain
assessment, path optimization, and environmental monitoring. The mapping data is stored for further analysis and
can be accessed later for research or navigation improvements.

Efficient Obstacle Detection and Avoidance

The rover’s obstacle detection system ensures safe navigation by scanning the surroundings for potential obstacles.
If an obstruction is detected, the system recalculates an alternate path in real time to prevent collisions. This feature
enhances the rover’s autonomy, making it suitable for dynamic and unpredictable environments where manual
control is impractical.

User Notifications and Remote Monitoring

Once the rover reaches its target location, a completion notification is sent to the user via the remote interface or
mobile application. The system also provides real-time updates on movement, obstacles encountered, and mapping
progress, ensuring that the user remains informed at all times. This remote monitoring capability allows for seamless
control and tracking, even from a distance.

Autonomous Return-to-Base Feature

If enabled, the rover can automatically return to its starting point using the recorded GPS path or the SLAM-
generated map. This feature minimizes the need for manual intervention, making the rover more efficient in
scenarios such as industrial monitoring, agriculture, and search-and-rescue operations. The autonomous return
function also ensures that the rover does not get lost, further improving reliability.

Seamless Integration of AT and IoT

The AIoT Autonomous Rover combines artificial intelligence with IoT capabilities to enhance functionality and
decision-making. The system processes real-time sensor data to improve navigation accuracy and optimize travel
paths. Al-driven analysis helps in identifying obstacles, predicting movement patterns, and refining future navigation
tasks, ensuring continuous learning and improvement over time.

Versatility and Scalability

The rover's modular design and flexible software architecture make it adaptable to various applications. It can be
deployed in industrial automation, agriculture, environmental surveillance, disaster response, and autonomous
research projects. The system’s ability to integrate additional sensors, such as thermal cameras or gas detectors,
allows it to expand its functionality based on specific requirements.

Energy Efficiency and Performance Optimization

The rover is designed to operate with optimized power consumption, ensuring long battery life while maintaining
performance. Energy-efficient navigation algorithms prevent unnecessary detours, and power management systems
regulate energy distribution among sensors and motors. This allows for extended operational hours, making it highly
reliable for long-duration missions.
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FUTURE WORK

The rover’s capabilities can be expanded by integrating multispectral and hyperspectral cameras for agricultural and
environmental applications. These cameras can provide detailed insights into vegetation health, water quality, and
soil conditions. Additionally, thermal imaging sensors can be used to detect heat signatures in industrial settings or
search-and-rescue missions. The inclusion of ultrasonic sensors will further enhance obstacle detection, making
navigation more reliable in low-visibility conditions.

To improve navigation efficiency, AI-driven path optimization algorithms can be implemented. These algorithms will
calculate the most efficient route by considering factors such as terrain complexity and energy consumption.
Upgrading from 2D SLAM to 3D SLAM will allow the rover to generate detailed terrain maps, enabling it to navigate
complex environments with greater accuracy

Future enhancements will focus on enabling the rover to perform tasks autonomously, reducing the need for constant
human supervision. Capabilities such as sample collection, structural inspections, and environmental monitoring can
be automated. By integrating decision-making algorithms powered by machine learning, the rover can prioritize tasks
based on urgency and environmental conditions, making it more efficient for diverse applications.

Swarm Robotics

In the future, multiple autonomous rovers can be deployed to work collaboratively on large-scale tasks. By sharing
data and coordinating movements, a fleet of rovers can efficiently cover vast areas for applications such as agricultural
monitoring, environmental surveys, and disaster response.

Al Model Deployment

Advanced AI models will be deployed on the onboard Jetson Nano, enabling real-time image and data analysis. These
models can be used for tasks like object detection, crop health assessment, and wildlife tracking, making the rover
more versatile across different industries.

Cloud Integration

A cloud-based system will be developed to store and analyze data collected by the rover. This will allow for detailed
post-mission analysis, remote access to information, and seamless data sharing across platforms. Cloud integration
will also enable users to monitor rover performance, optimize its operations, and extract valuable insights from
collected data.

Expanded Applications

The rover's functionality will be expanded to serve various industries. In agriculture, it can assist in precision farming,
pest detection, and irrigation management. For urban planning, it can be used for infrastructure inspection and
mapping city layouts. In disaster management, the rover can play a crucial role in search-and-rescue operations and
damage assessment, providing real-time situational awareness in crisis scenarios.
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CONCLUSIONS

The "AlIoT Autonomous Rover for Space and Agriculture Applications" successfully demonstrates the integration of
Al and IoT technologies for advanced autonomous navigation, real-time data transmission, and environmental
mapping. This project addresses critical challenges in both terrestrial and extraterrestrial domains, such as
inaccessible terrains and limited human intervention. By leveraging GPS and SLAM technologies, the rover achieves
precise location tracking and obstacle avoidance, ensuring efficient operation in diverse environments. The modular
design enhances its adaptability, allowing seamless application across fields such as precision agriculture, space
exploration, and disaster management. The inclusion of speech recognition further amplifies user interactivity,
making the rover versatile and future-ready. The project contributes significantly to the advancement of autonomous
systems by pushing technological boundaries in AIoT and robotics.
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