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Abstract

In modern agriculture, challenges such as labor shortages and the spread of invasive species like
congress grass have a significant impact on crop productivity. This project introduces Rudra Rover, a
compact, autonomous agricultural rover designed to detect and remove unwanted vegetation, thereby
promoting healthier crop growth and reducing manual labor. Equipped with a front-mounted cutter
and a rear camera, the rover navigates through fields while capturing real-time images of plants.
These images are processed using machine learning algorithms built with TensorFlow on a Raspberry
Pi, enabling the system to distinguish between crops and weeds. The rover then selectively removes
invasive species with high precision, minimizing damage to crops. Its small form factor allows it to
operate effectively between narrow crop rows, making it suitable for various farming conditions.
Rudra Rover represents a scalable, efficient, and sustainable solution for weed management,
highlighting the potential of Al and robotics in modern agriculture.

Introduction

The rapid evolution of robotics and embedded systems has led to the development of intelligent machines
capable of performing complex tasks autonomously or under human supervision. Among such systems,
robotic rovers have emerged as essential tools in exploration, surveillance, disaster recovery, and military
applications, where human intervention is either risky or impossible. Rovers designed for extraterrestrial
exploration, such as those used by NASA on Mars, have demonstrated how mobile robotics can provide
valuable insights in harsh and unknown environments. Inspired by such systems, this research introduces
Rudra Rover, a cost-effective, semi-autonomous robotic rover that integrates key technological domains
including 10T, wireless communication, real-time control, and cloud connectivity.

The Rudra Rover project addresses the growing need for affordable and scalable robotic solutions that can
operate remotely and provide feedback in real-time. Traditional remote-controlled vehicles often rely on
direct line-of-sight communication or are limited by range constraints. In contrast, Rudra Rover leverages
cloud technology to enable command transmission and data exchange from virtually any location, provided
internet access is available. This capability extends its potential applications to remote field research,
disaster-prone areas, and hazardous industrial environments.

At its core, Rudra Rover consists of a microcontroller-based embedded system integrated with wireless
communication modules, obstacle detection sensors, and a cloud-interfaced mobile application. Users can
send movement or task-specific commands through the app, which are transmitted to the rover via the cloud.
The rover interprets these commands and executes actions in real-time, with sensor data and system
feedback relayed back to the user. The system is also designed to handle basic autonomous behavior, such as
obstacle avoidance, to enhance safety and mobility.
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This research not only focuses on the engineering aspects of building the rover but also explores the
potential of using cloud platforms for robotic control and monitoring. By applying Internet of Things (loT)
principles, Rudra Rover demonstrates how interconnected devices can collaborate for real-world
applications in automation, exploration, and surveillance. Additionally, the project highlights the importance
of low-cost solutions in educational and research settings, where access to advanced robotics platforms is
often limited.

The development of Rudra Rover serves as a foundational step toward more advanced robotic systems
capable of autonomous decision-making, Al integration, and environmental adaptability. It encourages the
use of interdisciplinary approaches, combining electronics, programming, mechanical design, and
networking to build a functional and innovative solution to modern-day challenges.

Motivation

Managing invasive weeds is essential for sustainable farming, as congress grass negatively affects crop
yields and soil quality while posing health risks to farm workers. Traditional methods are either labour-
intensive or environmentally harmful. This project leverages robotics and machine learning to create an
autonomous rover capable of identifying and selectively removing weeds using a front-mounted cutter.
Equipped with a camera and machine learning algorithms via TensorFlow, the rover processes images in
real-time using a Raspberry Pi, ensuring precise weed control while promoting sustainable farming
practices.

Problem Definition

Invasive weeds like congress grass threaten agricultural productivity and require labour-intensive or
chemical-heavy methods for control, leading to environmental and economic challenges. This project aims
to develop an autonomous rover that utilizes machine learning for selective weed removal, offering a
sustainable and cost-effective farming solution.

Software Requirements Specifications
1. Project Scope

The scope of this project is to design, develop, and implement an autonomous agriculture rover specifically
aimed at addressing weed management in crop fields. The rover will be capable of detecting and selectively
removing unwanted vegetation, such as invasive species like congress grass, which negatively impact crop
productivity. The primary components of the project include:

1] Mechanical Design and Hardware Integration: Develop a compact, durable rover structure capable of
navigating agricultural fields and equipped with a front-mounted cutter for weed removal. Integrate a
camera system at the back of the rover to capture images of plants for classification purposes. Use a
Raspberry Pi as the main processing unit for image recognition and decision-making.

2] Image Classification and Machine Learning: Implement machine learning algorithms, leveraging
libraries such as TensorFlow, to classify plants captured by the camera as either crops or weeds.Train the
model to accurately identify unwanted grass species, particularly congress grass, to ensure targeted removal
without harming crops.

3] Autonomous Navigation and Control: Program the rover to autonomously navigate through crop rows
and adapt to varying field conditions.Incorporate sensors and control algorithms to avoid obstacles, optimize
coverage, and efficiently reach areas needing weed control.
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4] Testing and Optimization: Test the rover in simulated and real agricultural environments to assess its
effectiveness in identifying and removing weeds.Optimize the machinelearning model, navigation system,
and cutting mechanism based on testing feedback to improve accuracy and efficiency.

5] Environmental and Economic Impact: Evaluate the potential reduction in herbicide usage and labour
costs through the adoption of the rover.Ensure that the rover offers an affordable and practical solution,
particularly for small and medium-sized farms.

6] Project Outcome: The final deliverable will be a functional prototype of an agriculture rover that
autonomously performs weed control using machine learning-based image classification. The rover aims to
provide a sustainable, cost-effective solution to enhance crop yields, reduce reliance on chemical herbicides,
and support environmentally friendly farming practices.

2. User classes and Characteristics
1] Small to Medium Scale Farmers:

Characteristics: These users operate small to medium-sized farms with limited labour resources and budget
constraints. They may rely heavily on manual labour or basic machinery and are looking for affordable
automation solutions to increase productivity. Needs: Cost-effective, easy-to-use technology that reduces the
need for manual weeding and minimizes chemical herbicide use. They prioritize tools that are practical,
low-maintenance, and compatible with their farming practices.

2] Environmentally Conscious Farmers:

Characteristics: These users are particularly concerned about sustainable farming practices and
environmental impacts. They aim to minimize chemical usage and preserve soil health for long-term
productivity. Needs: A solution that effectively controls weeds without the need for harmful herbicides.
They value technologies that support eco-friendly farming by reducing chemical reliance and promoting
sustainable crop management.

3] Agricultural Researchers and Technologists:

Characteristics: This user group includes agricultural researchers, educators, and developers interested in
advancing and testing new farming technologies. They may work with research institutions or agricultural
development programs. Needs: An innovative prototype that demonstrates the potential of robotics and
machine learning in agriculture. They look for systems that can be customized and optimized to study its
effects on crop health, soil conditions, and productivity.

4] Farm Equipment Suppliers and Retailers:

Characteristics: These users are suppliers or retailers who provide equipment and technology solutions to
farmers. They are interested in offering modern, sustainable products to meetmarket demand. Needs: A
robust, market-ready solution that appeals to farmers seeking automation and weed control solutions. They
need products that are reliable, affordable, and easy to market within the agricultural sector.

3. Assumptions and Dependencies Assumptions:

1] Field Accessibility: It is assumed that the rover will operate on relatively flat and accessible agricultural
fields, free from extreme obstructions like large rocks or steep slopes that could hinder its movement.
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2] Power Supply: The rover is expected to have a reliable power source, such as a rechargeable battery,
with sufficient capacity to complete weed management tasks on a single charge. It is assumed that the user
will have the means to recharge the rover as needed.

3] Network Independence: The rover is designed to operate independently without the need for a
continuous internet connection. Image processing and weed identification are performed on-device using a
Raspberry Pi, so internet access is not required for basic operation.

4] Camera Accuracy and Lighting Conditions: It is assumed that the onboard camera will capture clear
images of plants in various lighting conditions. While extreme low-light scenarios may affect classification
accuracy, normal daylight conditions should provide enough visual clarity for accurate identification.

5] Farmer Familiarity with Basic Operation: Users, primarily farmers, are assumed to have basic
operational knowledge of the rover and the ability to start, stop, and configure it with minimal technical
support.

6] Training Data for Weed Identification: It is assumed that the machine learning model used for weed
identification has been adequately trained on images of crops and common weeds, especially congress grass,
to achieve high accuracy in classification.

7] Limited Maintenance Needs: The rover is assumed to require only minimal maintenance, such as
battery charging, cleaning, and periodic checking of the cutting mechanism, which users can manage with
basic guidance.

Dependencies:

1] Raspberry Pi: The rover’s processing and image classification rely on a Raspberry Pi. Availability and
compatibility of the Raspberry Pi are critical for the project’s functionality.

2] Camera: The onboard camera is essential for capturing images for weed classification. The accuracy and
functionality of the camera are key dependencies.

3] Cutting Mechanism: The front-mounted cutter must be capable of cutting through unwanted grass
effectively. Its design, sharpness, and durability are essential for successful weed removal.

4] Machine Learning Model and TensorFlow Library: The project depends on the TensorFlow library
and the pre-trained machine learning model for accurate image classification. Compatibility with the
Raspberry Pi and performance in field conditions are vital for real time weed identification.

5] Battery and Power Management: The rover’s battery life and power management system are
dependencies, as they directly affect the rover’s operational time and efficiency in the field. Reliable battery
performance is crucial to avoid interruptions during weed management tasks.

6] Environmental Conditions: The rover’s performance may depend on favourable environmental
conditions, such as moderate weather and appropriate lighting. Adverse conditions, such as heavy rain or
extremely low light, could impact its navigation, camera accuracy, and cutting efficiency.

7] User Training and Documentation: The effectiveness of the rover relies on users having a basic
understanding of its operation, which depends on the availability of clear instructions and training materials.
Proper user training ensures the rover is used and maintained correctly.
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8] Technical Support and Maintenance Services: Access to technical support for troubleshooting and
maintenance is a dependency, particularly for issues related to the Raspberry Pi, camera, or machine
learning model. This support is critical for the rover’s long-term reliability and functionality.

9] Field Conditions: The design assumes fields will be generally free of major obstacles or hazards. If
fields contain large obstructions, very tall grass, or uneven surfaces, these could interfere with the rover’s
movement and cutting efficiency.

Functional Requirements
1. System Feature 1

Automated Grass Cutting- The rover should autonomously detect and cut unwanted grass (e.g., congress
grass) using the front-mounted cutter. The cutting mechanism must be adjustable to suit various grass
heights.

2. System Feature 2

Image Classification of Grass Types- The rover should use a camera mounted on the back to capture images
of the surrounding grass. The image classification system must accurately SNJB’s KBJ COE, Department of
Al & DS 2024-25 11 Rudra Rover- The Revolution in Agriculture differentiate between unwanted grass and
crops or other vegetation.

3. System Feature 3

Machine Learning for Image Recognition- The rover should use TensorFlow or another machine learning
library for real-time image classification. The model must be trained to recognize specific grass types and
ensure accuracy during classification.

4. System Feature 4

Real-time Processing with Raspberry Pi- The rover should process the images and run classification
algorithms on a Raspberry Pi for compact, efficient performance. The image recognition and grass cutting
actions should work in real-time, with minimal delay.

5. System Feature 5

User Interaction and Control- The rover should offer a simple user interface (via mobile or web app) to
monitor and control the rover’s operations. The system should include easy-to use calibration features for
setting up the rover before its first use

Literature Survey:

Managing unwanted grass in agricultural fields is crucial for optimal crop growth, as invasive plants, such
as congress grass, absorb a significant portion of the nutrients and fertilizers intended for crops spread by
Farmers. This not only diminishes the quality and yield of the primary crop but also takes much time for its
proper development. Therefore, effective control of unwanted grass is essential to ensure healthy crop
growth and maximize agricultural productivity, but manual removal can be labour-intensive and time-
consuming. Our initiative is to develop aBluetooth controlled Al-powered rover designed specifically for
agricultural use to detect and cut unwanted grass such as congress grass autonomously. The rover uses
image processing techniques, including OpenCV and computer vision algorithms such as YOLO, to identify
and distinguish unwanted grass from crops. The rover’s camera scans our whole agricultural field to detect
and recognize grass from the provided database, and the system processes these images in real time to detect
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areas with unwanted grass. Once identified, the rover activates a cutting mechanism to remove the grass.
The rover is equipped with GPS and motion sensors, allowing it to navigate efficiently across large fields
while avoiding obstacles. The outcome indicates the combination of image processing and sensor
technology demonstrates the rover’s capability to enhance field maintenance, reducing the need for manual
labour and improving crop yield.

Existing systems of automated rover for grass cutting Different systems for unwanted grass cutting
are available in the market. They are follows:

1. Al Based Grass Cutting Rover Using Image Processing to Move the Obstacle.

2. Object Detection, Tracking Approach to Control of a Mobile Agriculture Robot.
3. Design and implementation of android based robot for grass cutting.

4. 10T Enable Grass Cutter Robot- Car

1. Al Based Grass Cutting Rover Using Image Processing to Move the Obstacle.

In today’s technologies, automation is expanding quickly. Therefore, Automation is essential in the
agriculture sector and beneficial to farmers. Grass cutters were manually operated portable instruments in
former times. As a result, they used gas and petrol engines, which resulted in pollution and energy loss.
Therefore, it is necessary to replace the old grass cutters with automated ones that use batteries as a power
source for the system’s guiding and obstacle detection. Additionally, it utilized a motor drive for the robot’s
wheels, a linear blade to cut the grass and using image processor for object detection, and an arm at the front
of the rover to move the small obstacles which can protect the grass cutting blade and an Arduino UNO
microcontroller board as the system’s primary

2. Object Detection, Tracking Approach to Control of a Mobile Agriculture Robot.

The application of machine learning, 10T, and robotics in agriculture increases rapidly during the last years.
We are developing a mobile robot for weed destruction. Machine learning and computer vision are an
important part of its control system. The objective of this study is to provide research on image recognition
and localization of plants and weeds with methods of machine learning, so the development of mechanical
and electrical hardware is omitted. This paper presents research on training of the YOLOV5 algorithm for
object detection in order to develop a control system of the robot. First a dataset of a cabbage and weed has
been created. The dataset consists of three annotated sets of images: training, test and validation. Second, a
model is trained and evaluated. Next, bounding boxes with coordinates of weed and cabbage are obtained.
Finally, an object tracker is made, it assigns ID to the target cabbage and weeds.

3. Design and implementation of android based robot for grass cutting.

The present technology commonly uses manually operated devices to cut the grass, creating pollution and
energy loss. In this project, we introduce the automatic grass cutter for cutting grass. Automatic grass cutter
can able to decrease the workload of cutting grasses in the field; also, in this, the operating force is given by
the rechargeable battery that is fixed tothe cutter, sensors, and crane mechanism can able to find out the
unwanted things and get around while the operation. The grass-cutter and motors used in the vehicle will be
frontier with the Arduino mega2560, the entire motors’ management. The vehicle will be in boundary with
the ultrasonic sensor to identify the object. On obstacle detection, the ultrasonic sensor monitors it, and the
Arduino thus stops the grass cuter motor to negotiate any damage to the object/human/animal, whatever it
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is. It consists of obstacle avoidance, android application, adjustable level of grass-cutter, and gear wire
blade. Also, the design parameters are discussed in this paper.

4. 10T Enable Grass Cutter Robot- Car

The loT Enabled Grass Cutter Robo-Car project represents a transformative leap in the realm of lawn
maintenance, merging cutting-edge robotics with the expansive capabilities of the Internet of Things (1oT).
At its core, this project introduces a state-of-the-art Robocar, meticulously engineered to be remotely
controlled through an Android application. The crux of the communication infrastructure is a web server,
with the ESP8266 serving as the linchpin by receiving signals from the server. These signals orchestrate the
nuanced operations of a L298N motor driver, steering the precise movement of 100 RPM motors, and a
relay module that commands the activation of the grass cutter motor. With a vision to redefine the landscape
of lawn care, this project stands as an exemplar of efficiency, convenience, and remote accessibility in the
realm of smart agriculture
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CONCLUSION:

In conclusion, the agriculture rover project offers a transformative solution for modern farming by
integrating automation, machine learning, and sustainable practices. By automating weed and grass
management, the rover reduces the reliance on manual labour and minimizes the use of herbicides,
contributing to healthier crops and improved soil quality. The real-time image classification, powered by a
compact Raspberry Pi setup, ensures accurate detection and removal of unwanted vegetation, which in turn
supports higher crop yields and increased efficiency. While initial setup and environmental factors may
present some challenges, the overall benefits and cost-effectiveness make the rover a valuable tool for small
to mediumsized farms. With potential applications in precision agriculture and sustainable farming, this
project represents a significant advancement toward more efficient, eco-friendly agricultural practices. This
rover not only addresses immediate agricultural needs but also lays the foundation for future innovations in
farm automation and smart agriculture.
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