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Abstract- The increasing demand for sustainable and
efficient farming practices has accelerated the adoption of
advanced technologies in agriculture. This paper presents
a solar-powered multipurpose agribot designed as an eco-
friendly solution to automate routine farm operations while
minimizing environmental impact. The system is capable of
performing seven essential tasks—seeding, watering,
ploughing, weeding, pesticide spraying, harvesting support,
and crop monitoring—thereby reducing labor intensity and
operational costs. Equipped with Internet of Things (IoT)
sensors, the agribot continuously monitors soil moisture,
temperature, and crop health, enabling data-driven
decision-making. A key innovation of the system is its
machine learning—based leaf disease prediction module,
which employs image analysis to detect early symptoms of
plant diseases, thus allowing timely intervention to prevent
yield losses. Remote monitoring and control via mobile and
web applications enhance flexibility and usability,
particularly for large-scale farms. By integrating solar
energy, automation, loT, and artificial intelligence, the
proposed agribot provides a sustainable approach to
modern agriculture, supporting increased productivity,
food security, and eco-friendly farming practices.

Index Terms- Agribot, sustainable agriculture, IoT,
machine learning, plant disease detection, automation,
solar energy

I. INTRODUCTION

Agriculture remains one of the most vital sectors worldwide,
ensuring food security, supporting economies, and providing
raw materials for various industries. Globally, more than 40%
of the population depends on agriculture for livelihood, while
in India, over 70% of people rely on it directly or indirectly,
reinforcing its recognition as the backbone of the nation.
However, despite its importance, the agricultural sector in
many regions continues to rely heavily on traditional methods
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of cultivation. Practices such as animal-driven ploughing,
manual seed sowing, and conventional irrigation are labor-
intensive, time-consuming, and often lack precision, which
reduces overall productivity and efficiency.
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Fig 1: Block Diagram Of Agribot System
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In recent years, the demand for sustainable and efficient
farming practices has encouraged the integration of technology
into agriculture. Automation and robotics present an effective
solution to overcome the limitations of conventional methods
by minimizing human effort, enhancing accuracy, and
improving yield quality. An agricultural robot (agribot) is
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capable of performing multiple essential tasks—such as
ploughing, leveling, seeding, and irrigation—without
continuous human  supervision.  Furthermore, the
incorporation of smart sensors and Internet of Things (IoT)
modules allows real-time monitoring of soil conditions and
crop health, while machine learning—based image analysis
enables early detection of plant diseases, ensuring timely
interventions to safeguard crops.

The objective of this work is to design and develop a solar-
powered multipurpose agribot that automates key farming
operations while providing additional intelligence for disease
detection and farm management. By reducing reliance on
manual labor and fuel-based machinery, the proposed system
promotes eco-friendly farming while improving efficiency
and productivity. With its ability to integrate renewable
energy, automation, and artificial intelligence, the agribot has
the potential to transform traditional agriculture into a more
sustainable, precise, and technologically advanced practice.

II. LITERATURE SURVEY

The review of existing literature demonstrates a notable
progression in agricultural automation, robotics, and
renewable-energy-based field machinery. Earlier agricultural
technologies were predominantly limited to standalone tools
designed for specific tasks such as soil sensing, weed
removal, or irrigation control. With increasing requirements
for improved productivity, reduced dependence on manual
labor, and environmentally sustainable farming practices,
recent research trends have shifted toward autonomous
navigation, multifunctional field operations, intelligent
sensing, and the integration of renewable power sources.
Studies by Rahul D. S. et al. (2018) and Gowrishankar and
Venkatachalam (2016) highlight the adoption of IoT-enabled
agribots that facilitate environmental monitoring and
precision resource management, signaling a transition from
single-purpose devices to comprehensive, automated
agricultural systems.

Several research contributions emphasize the role of real-
time monitoring and intelligent decision-making in modern
agribots. Bharath Mishra et al. [1] demonstrated the
application of image-processing techniques for early leaf
disease detection, thereby enhancing crop health assessment
and timely corrective measures. The significance of
environmental sensing is further reflected in the work of
Gulam Amer et al. [2], who introduced a Wi-Fi-enabled
agribot capable of remote monitoring and operational control.
These studies collectively reinforce the increasing reliance on
sensor-driven analytics to support accurate, data-centric
agricultural decision processes.

Autonomous mobility constitutes another critical dimension
of agricultural robotics. Ozgul and Celik [7] examined
navigation challenges faced by wheeled mobile robots in
uneven and unpredictable farm terrains. Their findings
underscore the need for robust obstacle-avoidance and path-
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planning mechanisms. Complementing this, Loizou and

Rimon [9] proposed sensor-refined navigation functions
designed to ensure safe and adaptive robot movement within
partially known environments. These contributions highlight
the importance of reliable mobility algorithms for
multipurpose agribots operating under diverse field conditions.
Recent studies also address the development of specialized
robotic mechanisms tailored to crop-specific activities. Xinyu
Gao et al. [8] presented the synthesis design of a manipulator
intended for strawberry harvesting, demonstrating the
relevance of ergonomic design, precision control, and task-
specific robotic adaptations. Broader frameworks by Qingfeng
Wei et al. [6] discuss the application of unmanned service units
for tasks such as planting, spraying, and crop inspection,
thereby emphasizing the shift toward modular and
multifunctional agricultural robotic systems.

Energy sustainability represents a particularly influential
research direction. Works by Rahul D. S. et al. [3][5] validate
the feasibility of solar-powered agribots capable of continuous
operation in rural and remote agricultural environments. These
systems integrate photovoltaic panels with embedded
controllers and sensing units, reducing dependence on external
power sources. However, existing designs are frequently
limited to specific applications such as irrigation or soil
monitoring and lack the integration required for
comprehensive multifunctional performance.

Overall, the reviewed studies indicate that while IoT
technologies, agricultural robotics, and renewable-energy
systems independently contribute valuable capabilities, their
maximum potential is realized only when integrated into a
single, cohesive platform. The proposed Solar-Powered
Multipurpose Agribot addresses these limitations by
combining autonomous mobility, environmental sensing,
modular mechanical tools, and renewable-energy-based power
management. This unified approach enhances operational
efficiency, supports sustainable farming practices, and
promotes broader adoption of agricultural automation
technologies.

III. EXISTING SYSTEM

Traditional agricultural practices have long been characterized
by a strong dependency on manual labor, requiring farmers to
be physically present in the fields. This approach is both labor-
intensive and economically challenging, often making farming
unsustainable for small and marginal farmers. Furthermore,
reliance on hazardous chemicals such as pesticides has posed
significant health risks to farmers while adversely affecting
soil fertility, crop quality, and the surrounding ecosystem.
Data collection in conventional farming systems is generally
infrequent and sporadic, resulting in limited actionable
insights. The absence of real-time monitoring tools, such as
soil moisture and humidity sensors, further constrains effective
decision-making and resource optimization. Consequently,
farmers are unable to detect critical changes in crop conditions
promptly, leading to inefficiencies in irrigation, fertilization,
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and pest control.

Disease management in traditional systems also remains
inadequate. Farmers often rely on visual inspections, which
delay the identification of plant diseases and increase the risk
of widespread crop damage. Previous technological
interventions have been limited to basic disease
identification, with little or no support for actionable
recommendations, such as appropriate pesticide selection and
dosage. This limitation contributes to ineffective pest
management and substantial yield losses.

IV. PROPOSED SYSTEM

The proposed system is a solar-powered multipurpose agribot
designed to enhance agricultural efficiency while minimizing
environmental impact. It performs seven essential farming
tasks: seeding, watering, ploughing, weeding, pesticide
spraying, harvesting support, and crop monitoring. The
system is powered by solar energy, reducing reliance on non-
renewable fuels and lowering operational costs.
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Fig 3: Event Diagram

Intelligent decision-making is enabled through IoT sensors
that continuously monitor soil moisture, temperature,
humidity, and crop health, allowing precise resource
allocation and timely interventions. A machine learning—
based disease detection module analyzes crop images to
identify early signs of infections and provide targeted
pesticide recommendations, reducing crop losses and
improving yield quality.

Remote monitoring and control via IoT-enabled mobile and
web applications allow farmers to manage operations
efficiently, even on large-scale farms. By integrating solar
energy, automation, loT, and AIl, the agribot offers a
sustainable, cost-effective, and scalable solution for modern,
eco-friendly agriculture.

Software-Requirements

It requires an embedded software framework to control its
multifunctional operations. The system is programmed using
C/C++ in the Arduino IDE or equivalent microcontroller
development environment. Sensor integration is achieved
through dedicated libraries for ultrasonic sensors, soil
moisture sensors, temperature and humidity sensors, and
camera modules if image-processing for crop monitoring is
implemented. Wireless communication is enabled using Wi-
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Fi or Bluetooth libraries, facilitating remote monitoring and
IoT connectivity. The software incorporates embedded

algorithms for autonomous navigation, obstacle detection, soil
monitoring, and task-specific mechanical operations, while
also managing power through modules that monitor battery
levels and solar charging status. Optionally, lightweight
image-processing libraries such as OpenCV can be used for
real-time disease detection, and a web or mobile dashboard can
provide a user interface for monitoring and controlling the
agribot remotely. Collectively, these software components
ensure seamless integration, efficient operation, and data-
driven  decision-making for sustainable agricultural
automation.

Hardware-Components

It includes a microcontroller for system control, DC motors
with motor drivers for locomotion, and modular mechanical
tools such as a mini-plough, seed dispenser, and sprayer for
field operations. Energy is supplied by a solar panel with a
rechargeable battery, while sensors including ultrasonic, soil
moisture, and temperature modules provide environmental and
navigation data. Together, these components enable
autonomous, multifunctional, and energy-efficient operation
in-agricultural-fields.
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Fig 4: Hardware Components

V. METHODOLOGY

The methodology adopted for the development of the Solar-
Powered Multipurpose Agribot involves a systematic
approach comprising system design, component integration,
control algorithm development, and functional validation. The
process is structured to ensure reliable operation in agricultural
environments while maintaining energy efficiency through
renewable power utilization. The major stages of the
methodology are described below.

A. System Architecture Design

The overall architecture of the agribot was conceptualized to
support multifunctional field operations such as tilling,
seeding, spraying, and soil monitoring.
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The system is organized into four primary modules: the solar
power unit, the locomotion unit, the sensing and control unit,
and the mechanical operation unit. A block diagram-driven
design approach was adopted to map component interactions
and data flow between sensors, actuators, and the
microcontroller.

System Architecture Desigr

Solar Energy Integration

Sensor Deployment

s ocOMoOtion Control
¢ Mechanical Tool Integration

Microcontroller Programming

@6— Prototype Development

Performance Evaluation

Fig 5: Methodology Flow
B. Solar Energy Integration

To ensure continuous and sustainable operation, a
photovoltaic (PV) panel was selected as the primary power
source. The generated power is regulated through a charge
controller and stored in a rechargeable battery, which
supplies energy to the motors, sensors, and microcontroller.
Power management strategies were implemented to prioritize
critical functions and optimize energy usage under varying
sunlight conditions.

C. Sensor Deployment and Data Acquisition

The agribot incorporates essential agricultural sensors,
including soil moisture sensors, temperature sensors, and
ultrasonic distance sensors. The sensors continuously collect
environmental data to support real-time decision-making.
Ultrasonic modules facilitate obstacle detection and safe
navigation, while soil and climatic sensors enable precise
irrigation and monitoring tasks. Data acquisition is handled
by the microcontroller, which processes sensor inputs and
triggers corresponding mechanical or navigation responses.

D. Locomotion and Navigation Control

The locomotion system consists of a four-wheel or track-
based drive mechanism powered by DC motors. Motor
drivers and control circuits regulate forward, reverse, and
turning motions. Ultrasonic feedback is integrated into the
navigation algorithm to ensure obstacle avoidance and path
correction. The navigation control logic is designed to
operate autonomously with minimal human intervention,
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enabling the agribot to maneuver effectively in uneven field
conditions.

E. Mechanical Tool Integration

To achieve multipurpose functionality, the agribot is equipped
with modular mechanical tools such as a mini-plough, seed
dispenser, sprayer unit, and soil testing probes. Each tool is
controlled through separate actuators interfaced with the
microcontroller. The modular design enables easy attachment
or replacement of tools depending on the required agricultural
task. Actuator control algorithms synchronize tool operation
with the robot’s movement for efficient field coverage.

F. Microcontroller = Programming and  System
Synchronization

An embedded microcontroller (such as Arduino or NodeMCU)
serves as the central processing unit. Firmware was developed
to integrate sensor readings, motor control, mechanical
operations, and power management. The program logic
includes task sequencing, real-time decision-making, and
safety checks. Interrupts and timing functions are implemented
to ensure smooth synchronization of sensing, navigation, and
tool operation.

G. Prototype Development and Testing

A physical prototype of the agribot was constructed using
lightweight materials for structural stability. Field tests were
conducted under varying soil and environmental conditions to
evaluate performance metrics such as navigation accuracy,
energy efficiency, sensor responsiveness, and tool
effectiveness. Data collected from the test runs were analyzed
to refine the control algorithms and mechanical design.

H. Performance Evaluation

The final system was evaluated based on operational accuracy,
energy consumption, autonomy level, and functionality across
different field tasks. Solar charging performance, battery
endurance, obstacle avoidance reliability, and mechanical tool
efficiency were assessed to determine system effectiveness.
The insights from performance evaluation guided final
improvements to ensure practical applicability in real farm
environments.

VI. DESIGN AND TESTING

It plays a crucial role in ensuring that a multipurpose agribot is
efficient, reliable, and well-suited for real agricultural
environments. They help define the robot’s intended tasks,
operational conditions, and performance goals while guiding
decisions related to solar power selection, battery capacity,
chassis stability, and drivetrain requirements.
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Fig 6: Design Considerations

The use case diagram provides a functional overview of how
different users interact with the Agribot system. It features two
main actors — the Farmer and the Maintenance Technician. The
farmer can perform several use cases: Plan Field Tasks (plough,
level, seed, irrigate), Start/Stop and Monitor the robot’s
operations, View Live Telemetry (including position and sensor
data), and Receive Alerts for issues like obstacles or low
resources. Farmers can also access Task Logs and Reports and
utilize the Leaf Disease Detection & Pesticide Suggestion
feature to manage crop health effectively. The Maintenance
Technician, on the other hand, is responsible for Calibration and
Updates, ensuring that the robot and its systems remain accurate
and up to date. Together, the class and use case diagrams
provide both the structural and behavioral perspectives of the
Agribot.

|h @ a4

H y
Agribot System
Farmer ” Maintenance
Tech

R ®& B & O

Plan Field Tasks  Slan/Stop View Live Receive Alarts Calibration
(ploughevel/ & Monitoe Tetemetry job=tackss & Updates
seed/imigate) {posmion, senaors low Seects matar)

E

Fig 7: Use Case Diagram

To ensure reliable operation and performance, several testing
methods were applied during the development of the solar-
powered multipurpose agribot. Each subsystem was
evaluated individually and then integrated for overall system
testing. The main testing approaches included hardware
testing, software testing, functional testing, performance
testing, and field testing.
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1. Hardware Testing: All electronic and mechanical
components were verified for correct operation. Motors were
tested for torque and speed, sensors were calibrated for
accuracy, the solar-battery system was checked for stable
power delivery, and communication modules were evaluated
for signal strength and reliability.

2. Software Testing: Control algorithms and software
modules underwent unit and integration testing. Simulations in
Python and Arduino IDE were used to debug and validate
navigation, communication, and processing routines before
deployment.

3. Functional Testing: The robot’s mobility, obstacle
avoidance, and path-following accuracy were tested.
Agricultural implements such as the plough, seeder, and
irrigation unit were validated in field conditions. Leaf disease
detection was checked for CNN accuracy.

4. Performance Testing: Energy efficiency, robot speed,
turning precision, field coverage rate, and real-time image
processing speed were measured to ensure optimal
performance.

5. Field Testing: Final trials were conducted in real farms to
evaluate mobility, tool performance, environmental
adaptability, communication range, and overall durability.

Parameter Result/Observation

Navigation accuracy 0.5 m

|Leaf discase detection accuracy  |92-95%

Average runfime (solar-assisted) §6-8 hours

Communication range Upto 200 m

Image processing time < 2 seconds

Obstacle detection range Uptol.5m

Solar charging efficiency ~90% battery capacity n full sun

Fig 8: Testing Results and Performance Metrics

VII. CHALLENGES

During the development and deployment of the solar-powered
multipurpose agribot, several technical and operational
challenges were encountered. One of the primary challenges
was ensuring stable power management, as variations in
sunlight intensity affected the charging efficiency and overall
energy availability for continuous field operations. Achieving
accurate navigation in uneven and obstacle-rich farm terrains
also proved difficult due to sensor noise, GPS drift, and
inconsistent soil conditions. Integrating multiple agricultural
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implements, such as the plough, seeder, and irrigation unit,
required precise mechanical alignment and increased the
structural load, impacting mobility and balance. The disease
detection module faced challenges related to image
variability caused by fluctuating lighting conditions, leaf
occlusions, and background noise, which influenced
classification accuracy. Additionally, maintaining reliable
wireless communication in open farm environments was
problematic due to range limitations and interference. Field
testing further revealed issues related to dust ingress,
vibrations, and component durability, necessitating frequent
calibration and reinforcement. These challenges collectively
guided several design improvements, enhancing the overall
robustness and performance of the agribot.

VIII. RESULTS AND DICUSSION

A functional prototype of the solar-powered multipurpose
agribot was successfully designed, assembled, and tested.
The robot is built on a lightweight yet sturdy metal frame that
serves as the foundation for all the mechanical, electronic,
and control components. It operates using four wheels—two
powered by geared DC motors for movement and two
auxiliary toy motors for additional functions. A solar-assisted
battery system provides continuous power, enabling long
field operation without frequent recharging.
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The developed system can perform several essential
agricultural activities, including digging, seeding, soil
leveling, irrigation, and leaf disease detection. Each operation
is programmed as an independent mode, allowing the robot
to switch tasks efficiently through embedded control logic.
The software utilizes multiple loops and functions to handle
each mode’s specific requirements. During testing, the
agribot showed stable performance across different soil
conditions. The digging mechanism penetrated the soil
uniformly, while the seeding module distributed seeds
consistently along each row.

The leveling blade produced a smooth surface after seeding,
and the irrigation unit operated automatically based on soil
moisture readings, optimizing water consumption.
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Fig 10: Web Interface of Application

Firstly, sign up with username and entering new password.
Then login using the same. The details of the login details are
fetched for database at the backend and them Upload a image
that is captured by surveliance camera controlled by ultrasonic
sensor and click on analyse or get a data image from the trained
dataset to analyse.
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Fig 11: Result of unhealthy plant leaf
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Fig 12: Result of healthy plant leaf

After analysing the image the application results out weather
the plant is diseased or not and gives a kind of disease too. It
analyses using the selected image, grey image with threshold,
and image shaping. Mainly edge detection helps in identifying
the plant leaf is disease or not. After analysing the result would
give the type of disease if diseased else no. it also recommends
the kind of remedy to be pesticided to that particular plant that
is diseased rather than the surroundings. It performed key field
operations efficiently while also supporting early disease
detection, reducing manual labor and improving farming
precision. The integration of solar power further enhances its
sustainability and makes it suitable for use in remote or small-
scale agricultural environments.

DOI: 10.55041/IJSREM55180 |  Page6


https://ijsrem.com/

gfe "3,
¢ TISREM 3|

Volume: 09 Issue: 12 | Dec- 2025

cscurnat International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.586 ISSN: 2582-3930

IX. CONCLUSION

The solar-powered multipurpose agribot, equipped with
advanced image processing and Convolutional Neural
Networks (CNNs), is reshaping agriculture by accurately
identifying plant diseases and enabling targeted
interventions. This approach supports environmentally
friendly farming, lowers chemical use, increases crop
productivity, and reduces losses. In the future, such agribots
could further optimize farming with Al-driven predictive
insights, improved real-time sensing, and higher autonomy
for independent operation. By automating labor-intensive
tasks and minimizing farmers’ exposure to harmful
chemicals, these systems enhance safety and efficiency,
contributing to a more sustainable, resilient, and
technologically advanced agricultural landscape. The future
scope is exceptionally promising. They offer significant
advantages in enhancing efficiency and reducing labor-
intensive tasks, automating critical processes like pesticide
spraying with precision. Future iterations may incorporate
advanced Al for predictive analytics, improved sensor
technologies for real-time monitoring, and enhanced
autonomy for seamless operation, shaping a more
sustainable, efficient, and resilient agricultural future.
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