Volume 3 Issue 2 ISSN: 2945-3119

Research Article

FERTILIZER TECH- ROVER
IProf. Shital Yende, 2Savita Dhabale, *Vaishnavi Kolaskar, *Prajwal Raut, >Shashwat
Lanjewar, *Priyanka Gaurkhede, "Rahul Dekate
12,3,4,56.7 Dept. of Electrical Engineering, Suryodaya College of Engineering

&Technology, Nagpur, India

Article History: | Received: 27.10.2024 | Accepted: 24.11.2024 | Published:25.12.2024

Abstract: The FertilizerTech Rover is an innovative, wireless-operated rover designed to
enhance the efficiency and precision of fertilizer application in small-scale farming.
Agriculture, particularly smallscale farming, faces numerous challenges, including labor-
intensive processes, inaccurate fertilizer distribution, and limited access to modern
technology. These issues often lead to inefficiencies, reduced crop yields, and increased costs
for farmers. The FertilizerTech Rover addresses these challenges by providing a user-
friendly, mobile-controlled solution that simplifies planting and improves fertilizer
application accuracy. The rover is equipped with Bluetooth technology, allowing farmers to
operate it remotely via a mobile application, thus reducing physical strain and increasing
operational efficiency. Powered by a combination of solar energy and an electric charging
option, the rover is designed for use in remote areas with limited access to electricity.
Through its versatile design, the FertilizerTech Rover helps optimize resource use, enhance
crop yields, and promote sustainable agricultural practices. This project aims to empower
small-scale farmers, improve productivity, and contribute to food security, ultimately
improving livelihoods in rural communities. By addressing the critical need for affordable,
efficient farming tools, the FertilizerTech Rover represents a practical step toward

modernizing agricultural practices in developing regions.
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INTRODUCTION

Agriculture plays a crucial role in the economies of many developing countries, where a large
portion of the population depends on small-scale farming for their livelihoods. However,
despite their essential role in food production, small-scale farmers often face significant
challenges due to limited access to modern agricultural technologies. Traditional farming
methods, such as manual planting and fertilization, are labor-intensive, time-consuming, and
often inefficient. These methods not only lead to lower productivity but also result in
increased physical strain on farmers, which can hinder the overall growth of the agricultural
sector. Furthermore, the lack of precision in applying fertilizers can lead to overuse or
underuse of these critical inputs, ultimately affecting crop yields and resource efficiency. The
FertilizerTech Rover was developed to address these challenges by providing an affordable,
wireless-operated rover designed specifically for small-scale farming operations. This
innovative solution aims to streamline agricultural processes such as planting and fertilizing
by reducing the need for manual labor while ensuring greater accuracy in fertilizer
application. The rover can be controlled remotely via a mobile phone, utilizing Bluetooth
technology to enable farmers to operate it conveniently from a distance. This feature not only
improves operational efficiency but also reduces the physical effort required from farmers,
allowing them to focus on other important tasks on the farm. In addition to improving
efficiency, the FertilizerTech Rover enhances sustainability by incorporating solar power to
charge its onboard battery during daytime operation. This renewable energy source is
especially useful for farmers in remote areas with limited access to electricity.

Moreover, the rover is designed to be cost-effective and easy to use, ensuring that even
farmers with limited technical knowledge can operate it without difficulty. The machine is
built with durable and affordable materials to withstand the harsh conditions typically found
in agricultural environments.

By automating key tasks in the planting and fertilization process, the FertilizerTech Rover
seeks to empower small-scale farmers,improving their productivity, profitability, and overall
quality of life. Moreover, its precision in fertilizer application helps optimize resource use,
promoting sustainable farming practices that are essential for long-term food security. This
project aims to contribute to the development of more efficient and sustainable agricultural
practices, ultimately benefiting both farmers and communities in rural areas. Through the
FertilizerTech Rover, small-scale farmers can be empowered to compete more effectively in

the global agricultural market, enhancing both food security and rural economic development
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OBJECTIVE

The objective of the FertilizerTech Rover project is to develop an affordable, wireless-

controlled rover for small-scale farming that automates planting and fertilizer application.

The key goals include:

1. Improved Efficiency: Reduce labor intensity and time spent on manual farming tasks.

2. Enhanced Fertilizer Accuracy: Ensure precise fertilizer placement to optimize crop

yields and

minimize waste.

3. Sustainability: Utilize solar power for operation and provide an electric charging

backup.

4. Cost-Effectiveness: Offer a durable, affordable solution tailored to the needs of small-

scale farmers.

5. Increased Productivity: Empower farmers to operate efficiently, boosting agricultural
output and improving rural livelihoods. By achieving these objectives, the FertilizerTech
Rover aims to promote sustainable farming practices, enhance food security, and improve

the overall efficiency of small-scale farming operations.:

METHODOLOGY

The methodology for the development and evaluation of the FertilizerTech Rover, a
wirelessoperated rover designed for small-scale farming, can be divided into several stages:
design and development of the rover, selection of materials, system integration, and
experimental validation. This section outlines the approach used to achieve the objectives of
the project, focusing on the technological components, testing protocols, and evaluation

techniques to ensure the effectiveness and efficiency of the proposed system.

A. Design and Development of the FertilizerTech Rover

The design process for the FertilizerTech Rover involved a detailed review of the
requirements and challenges faced by small-scale farmers. Based on these requirements, a
conceptual design was created that would combine automation with user-friendly operation
for efficient fertilization and planting. The following design steps were involved:

1 System Architecture: The rover was designed with a modular architecture, integrating a

mobile-controlled system, sensors for monitoring soil and fertilizer application, and an
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energyefficient power system. The control system was designed to operate via Bluetooth
communication with a mobile application, making it easy for farmers to control the rover
remotely.

] Mechanical Design: The rover was designed with durable, lightweight materials suitable
for field conditions. It features an adjustable mechanism for planting rows and applying
fertilizers, as well as an efficient steering system for navigation across agricultural fields.

1 Control and Navigation System: The rover uses Bluetooth technology to interface with a
mobile application. The control system includes forward/backward motion, left/right steering,
and activation/deactivation of the fertilizer spraying mechanism.

(1 Power Supply Design: A solar-powered energy system was integrated into the rover to
ensure continuous operation in remote areas. Additionally, the rover is equipped with an

electric charging option to provide a reliable backup when solar energy is insufficient.

B. Selection of Materials

To ensure durability and functionality, the following materials were selected for the

development of the rover:

1 Casing and Frame: The frame and casing of the rover were constructed using lightweight

metal alloys to ensure durability and resistance to wear and tear under field conditions.

] Fertilizer Applicator: The fertilizer dispensing mechanism was designed to handle both

granular and liquid fertilizers, and was made from corrosion-resistant materials to ensure

longevity.

1 Solar Panel and Battery: A high-efficiency solar panel was selected to charge the rover’s

battery during operation, ensuring energy sustainability for prolonged periods in areas with
limited access to electricity.

1 Wheels and Steering Mechanism: The rover was equipped with high-traction rubber

wheels suitable for navigating a variety of terrains, ensuring stability and smooth movement

during operation.

C. System Integration

Once the individual components were designed and procured, the integration process was
carried out:

[J Control System Integration: The mobile application was developed with an intuitive

interface, allowing farmers to control the rover’s movement and fertilizer spraying. The
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application was designed to work on Android devices and communicated with the rover via

Bluetooth.

(] Sensor Integration: Soil moisture sensors and fertilizer application sensors were

integrated to monitor the effectiveness of the fertilization process and ensure accurate

application. These

10 sensors helped in maintaining optimal performance by tracking soil moisture levels and

fertilizer dispersion.

1 Power System Setup: The solar charging system was integrated with the rover’s onboard
battery. Additionally, a backup electric charging system was installed to ensure operational

continuity in cloudy or shaded conditions.

D. Experimental Setup and Testing

To assess the effectiveness of the FertilizerTech Rover, a series of field trials and tests were
conducted under controlled conditions:

) Test Fields: Various test fields with different soil types and environmental conditions were
selected for the trials. These included small-scale farms in rural regions where smallholder
farmers typically operate.

1 Operational Tests: The rover was tested on its ability to move across the field, execute
planting operations, and apply fertilizer. The rover's navigation, fertilizer dispensing system,
and power efficiency were evaluated to ensure that it met the operational requirements.

(1 Performance Metrics: The rover's performance was evaluated based on the following
criteria:

] Efficiency of Fertilizer Application: Accuracy of fertilizer distribution and coverage.

[J] Ease of Operation: User-friendliness of the mobile app interface.

[l Energy Efficiency: Evaluation of solar power efficiency and battery life under different
weather conditions.

[J Durability: The rover’s ability to withstand typical field conditions, including resistance to
dust, moisture, and rough terrain.

() Farmer Feedback: In addition to technical testing, feedback was collected from a group
of smallholder farmers regarding the rover’s usability, impact on labor reduction, and
improvements in crop productivity. This provided valuable insights into the practical

application of the technology in real-world scenarios.
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E. Data Analysis and Evaluation

The collected data from the field trials were analyzed to assess the overall effectiveness of the
Fertilizer-tech Rover. Key performance indicators (KPIs) such as fertilizer distribution
accuracy, navigation precision, and solar energy efficiency were evaluated to determine the
system's capability in meeting the needs of small-scale farmers.

[J Comparative Analysis: The performance of the rover was compared against traditional
farming methods, specifically in terms of fertilizer application accuracy, time saved, and
resource utilization efficiency.

[J Statistical Analysis: Statistical methods were used to analyze the results of the field tests,
ensuring that any observed improvements in efficiency or productivity were statistically
significant. Based on the results of the experimental setup and analysis, conclusions were
drawn about the viability of the FertilizerTech Rover as a cost-effective and efficient solution
for small-scale farmers. Recommendations for future improvements were provided, including
enhancements in software for better user interaction, increased solar panel efficiency, and

integration with other precision farming tools like automated irrigation systems

BLOCK DIAGRAM
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Fig 1. Block diagram of FertilizerTech Rover

Working of the FertilizerTech Rover
v" Mobile Phone Control: The rover can be operated remotely using a mobile phone equipped
with

v Bluetooth technology. This wireless control allows farmers to manage the machine
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conveniently from a distance, reducing the need for physical presence near the rover
during operation.

[J Control Buttons: The mobile application features several control buttons that facilitate
easy navigation and operation of the rover:

[J Forward (Fwd): Moves the rover forward, allowing it to traverse the field for planting.

[J Backward (Back): Reverses the rover's direction, providing flexibility in maneuvering.

) Left/Right: These controls enable the rover to turn, facilitating precise navigation in row
planting.

[J Spray On/Oft: This button controls the spraying mechanism for fertilization, allowing
farmers to activate or deactivate the fertilizer application as needed.

Arduino Nano L.298 Motor Driver DC Pump Motor 1 \Motor 2 Relay Battery Solar Panel
0

Power System: The rover is equipped with a solar panel that charges the onboard battery
during daytime operation. This renewable energy source ensures that the machine remains
operational in remote areas with limited access to electricity, promoting sustainability and
reducing energy costs.

1 Electric Charging Option: In addition to solar charging, the rover includes an electric
charging option. This feature ensures that the battery can be charged using a conventional
power supply when solar energy is insufficient, providing a reliable backup power
solution.

1 Operational Flexibility: The combination of Bluetooth control and diverse power
options makes the FertilizerTech Rover highly versatile. Farmers can operate the rover in

various conditions and locations, adapting to their specific agricultural needs.
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