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In the context of India’s diverse agricultural practices, the
soil moisture sensing solar hybrid rover becomes a versatile
tool adaptable to various crops and cultivation methods.
From the rice paddies of the east to the arid fields of the
west, the rover's deployment can be tailored to meet the
specific needs of different regions.

The rover's role in fostering data-driven decision-making
aligns with the broader digital transformation initiatives in
India. As the nation embraces technology across sectors,
integrating smart agricultural practices becomes a logical
progression.

solar hybrid rover lies in its ability to operate beyond
daylight hours. A solar hybrid rover can seamlessly
transition to alternative energy sources during periods of
insufficient sunlight. This adaptability ensures continuous
operation, making the rover a reliable and consistent
presence in the field, irrespective of varying environmental
conditions.

I. INTRODUCTION

India's agricultural sector, sustaining a significant
portion of its population, is confronted by a range of
challenges, many of which are exacerbated by
changing climatic patterns. With erratic rainfall and
prolonged droughts becoming increasingly common,
the traditional methods of farming are facing
unprecedented challenges. The availability of water, a
critical determinant of crop success, is becoming
unpredictable, necessitating a shift towards more
resilient and resource-efficient agricultural practices.
In this context, a soil moisture sensing solar hybrid
rover becomes an invaluable asset, providing real-time
data that empowers farmers to make informed
decisions about irrigation, ultimately mitigating water
wastage and optimizing the use of this precious
resource. Furthermore, the rover's ability to navigate
the fields autonomously brings a new level of
efficiency to farming operations. In a nation where
manual labour often forms the backbone of
agricultural activities, the integration of technology
can significantly alleviate the burden on farmers. The
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rover's capacity to monitor soil moisture levels across
vast expanses of land not only saves time and labour
but also ensures a more precise and targeted approach
to irrigation. This, in turn, translates into enhanced
crop yields, contributing to food security and the
economic well-being of farming communities.

Il. LITERATURE SURVEY

The paper "Overcoming the Challenges of Solar Rover
Autonomy: Enabling Long-Duration Planetary
Navigation” by Olivier Lamarre and Jonathan Kelly
addresses the significant operational and technological
obstacles faced by solar-powered rovers such as
Curiosity on Mars.

It highlights the limitations of the current navigation
framework, such as the constrained computational
power and the necessity for highly detailed command
sequences from Earth.

The paper "Recent Developments in Wireless Soil
Moisture Sensing to Support Scientific Research and
Agricultural Management™ offers a comprehensive
review of the progress in wireless sensor network
(WSN) technology for soil moisture monitoring. It
effectively highlights the importance of soil moisture
data in understanding hydrological, climatic, and
ecological processes.

The discussion on technological advancements, such
as the evolution from Time Domain Reflectometry to
modern WSNSs, underscores the significant strides
made in this field. The paper's insights into the
applications of WSNs in both hydrological research
and agricultural management are particularly valuable,
illustrating the dual benefits of enhanced scientific
understanding and practical agricultural optimization
—Float over textl unchecked).
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I1l. FLOW OF THE PROPOSED SYSTEM

The proposed system — a Solar Hybrid Rover with
Soil Moisture Sensor — follows a multi-layered
operational flow that integrates power harvesting,
autonomous mobility, sensor data acquisition, and
wireless communication. Each component of the
system works in sync to ensure real-time soil moisture
monitoring and efficient resource utilization in
agricultural environments. The detailed flow is as
follows:

1. Solar Energy Harvesting
The rover is equipped with high-efficiency
photovoltaic panels that capture sunlight and
convert it into electrical energy. This energy is
regulated and directed to charge onboard lithium-
ion batteries. The use of renewable solar energy
ensures a sustainable power source, allowing the
rover to operate off-grid without reliance on
conventional electricity.

2. Hybrid Power Supply Management
To ensure uninterrupted operation during cloudy
weather or nighttime, the system integrates a
hybrid power setup. A charge controller regulates
the charging process and smartly switches
between solar energy and stored battery power.
This dual-source approach enhances energy
resilience and prolongs operational uptime,
especially in variable environmental conditions.

3. Microcontroller-Based System Control
At the heart of the system is an Arduino-
compatible microcontroller (e.g., ESP32), which
manages all the core functionalities. It processes
input from the soil moisture sensor, controls
motor drivers for movement, monitors battery
levels, and communicates with the 10T platform.
This centralized control enables efficient task
coordination and rapid decision-making.

4.  Autonomous Navigation and Mobility
The rover uses motorized wheels controlled
through the Adafruit Motor Shield V2. Basic
directional commands — such as forward,
reverse, left, and right — are remotely triggered
via the Blynk mobile application. The chassis is
designed for field terrains, and the rover can
traverse uneven surfaces autonomously or semi-
autonomously based on user input.

5. Soil Moisture Sensing and  Actuation
A capacitive soil moisture sensor mounted on a
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servo motor arm is used to collect data from
varying soil depths. The sensor is lowered into the
ground at regular intervals to measure real-time
soil moisture content. This data is crucial for
determining irrigation needs and identifying dry
zones in farmland.

6. loT-Based Communication and  Control
The Blynk 10T platform provides a user-friendly
interface for remote monitoring and control.
Through a smartphone app, users can operate the
rover, view live moisture readings, and issue
commands. The use of Wi-Fi or Bluetooth
modules facilitates seamless data exchange
between the hardware and the user interface.

7. Data Visualization and Logging
Real-time moisture data is displayed on the Blynk
dashboard and can also be logged locally using an
SD card module. This enables long-term
monitoring and analysis of soil trends across
different geographical zones. Future upgrades
may include cloud-based storage for remote data
access and machine learning integration for
predictive analysis.

8. Power-Efficient Operation and Standby Mode
The rover includes a standby mode to conserve
power when idle. Smart switching ensures that the
microcontroller  shuts down  non-essential
functions when the rover is inactive, thereby
extending battery life and optimizing energy
consumption.

9. Deployment and Field Use
Once deployed in the field, the rover continuously
monitors soil conditions and sends data to the
user. It can be moved to different locations as
needed, allowing for a broad area of soil analysis
without manual labor. This mobility and
modularity make the rover highly adaptable for
various agricultural landscapes.

IV. RESULTS

To evaluate the effectiveness of the Solar Hybrid
Rover with Soil Moisture Sensor, field testing was
conducted across different departments within the RV
College of Engineering campus. The rover was
deployed to measure soil moisture content in real-time
using its onboard capacitive sensor. Data was
collected at multiple points and visualized through
both tabular and graphical formats using MATLAB.
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V. RESULT ANALYSIS

The field testing and soil moisture monitoring
conducted using the Solar Hybrid Rover yielded
insightful and actionable data that validate the
effectiveness and practical utility of the system. This
section breaks down the analysis of the rover's
performance, sensor accuracy, and environmental
impact observations.

1. Soil Moisture Distribution and Trends

The rover successfully collected soil moisture data

from multiple departments—CHEM, ECE, CCH, and

MINGOS—each presenting distinct environmental

characteristic:

e CHEM Department (70%): This location
exhibited the highest soil moisture, indicating
well-preserved soil quality and a favourable
micro-environment. The data suggested minimal
soil compaction and healthy water retention,
making it ideal for plant growth.

e ECE Department (55%): Moisture levels were
moderate, reflecting a balance between
evaporation and water absorption. This zone
likely benefits from vegetation cover and limited
external interference.

e CCH Department (30%): A noticeable drop in
moisture was observed, likely due to nearby
construction activities. The compacted soil in this
area restricts water absorption, resulting in drier
conditions.

e MINGOS Department (20%): The lowest
moisture levels were recorded here. The
department’s proximity to heavy construction has
likely degraded soil quality, leading to increased
runoff and poor water retention.

These results reinforce the rover’s ability to

distinguish between healthy and stressed soil

environments, offering a foundation for targeted
irrigation and soil management strategies.
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2. Environmental Impact Assessment
The collected data confirms a strong correlation
between human activity—particularly construction—
and soil moisture levels. The rover identified zones
with critical moisture deficiency, which can lead to:

e Increased risk of erosion.

e  Poor vegetation growth.

e Decreased microbial activity essential for soil

fertility.

This analysis underscores the importance of
continuous soil monitoring in managing and
mitigating the adverse effects of urban development
on natural ecosystems.

3. System Performance Evaluation

The rover demonstrated stable operation in outdoor

conditions across varied terrain types. Key

performance highlights include:

e Energy Efficiency: The solar panels, in
conjunction with lithium-ion batteries, provided
reliable power throughout the data collection
process. Even in partial sunlight, the hybrid
system maintained operational continuity.

e Sensor Responsiveness: The capacitive soil
moisture sensor was mounted on a servo
mechanism, allowing depth adjustment. This
enabled multi-layer data sampling, enhancing
accuracy and detail in moisture profiling.

e  Mobility and Control: Controlled via the Blynk
IoT app, the rover exhibited responsive
navigation and directional movement. The
interface was intuitive, making it suitable for
users with basic technical knowledge.

4. Data Accuracy and Visualization

e Real-time readings were successfully transmitted
to the loT dashboard and logged for future
analysis.

e Graphs generated using MATLAB confirmed
consistent patterns, supporting the integrity of the
sensor data.

e The system demonstrated high reliability across
repeated trials, indicating robustness for long-
term field deployment.

5. Application Potential
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This analysis proves that the Solar Hybrid Rover is
more than a conceptual prototype; it’s a practical,
scalable solution. Its potential applications include:

e Precision Agriculture: Enabling informed
irrigation decisions to maximize crop yield and
water efficiency.

e  Environmental Monitoring: Assisting researchers
in studying the effects of climate change and land-
use on soil health.

e Smart Campus Solutions: Supporting sustainable
landscaping by continuously tracking soil
conditions.

VI. CONCLUSION

The development and testing of the Solar Hybrid
Rover with Soil Moisture Sensor mark a significant
step forward in the integration of renewable energy
and smart technology for agricultural applications.
Through its hybrid power system, real-time sensor
integration, and loT-based control, the rover
successfully demonstrates how technology can be
leveraged to address long-standing challenges in the
agricultural sector—particularly those related to
water conservation and resource efficiency.

The rover’s ability to autonomously navigate varied
terrain and collect soil moisture data at multiple
depths provides farmers and researchers with
valuable insights for precision irrigation. The
variation in soil moisture levels observed across
different campus zones not only confirmed the
sensor's accuracy but also highlighted how human
activities such as construction can directly affect soil
health. This reinforces the need for continuous
environmental monitoring and adaptive land
management strategies.

Moreover, the system’s user-friendly interface,
powered by the Blynk loT platform, allows for
accessible control and real-time monitoring, making
it suitable even for users with minimal technical
background. The project also aligns with India’s
broader vision of a “Digital India” and sustainable
rural development by promoting clean energy use and
smart farming practices.

In conclusion, this project presents a scalable, low-
cost, and sustainable solution that bridges the gap
between modern technology and traditional farming
practices. With further enhancements such as GPS-
based navigation, machine learning for data analysis,
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and cloud-based data storage, this rover can evolve
into a comprehensive agricultural automation tool
that not only improves productivity but also ensures
environmental responsibility.

REFERENCES

[1] Lamarre, O., & Kelly, J. (2018). Overcoming
the Challenges of Solar Rover Autonomy:
Enabling Long-Duration Planetary Navigation.
STARS Laboratory, University of Toronto.
[Presented at the International Conference on
Robotics and Automation.]

[2] Bogena, H. R., Weuthen, A., & Huisman, A.
(2022). Recent Developments in Wireless Soil
Moisture Sensing to Support Scientific Research
and Agricultural Management. Institute of Bio-
and Geosciences, Agrosphere Institute (IBG-3),

Forschungszentrum Julich.
[Published in Agricultural Water Management
Journal.]

[3] Michaud, S., Schneider, A., Bertrand, R,
Lamon, P., Siegwart, R., Van Winnendael, M.,
& Schiele, A. (2002). SOLERO: Solar Powered
Exploration Rover.
Autonomous Systems Lab, EPFL, and European
Space Agency (ESA).
[Presented at the i-SAIRAS Conference, Nov
19-21, 2002.]

[4] Arduino Documentation. Arduino UNO and
ESP32 Microcontroller Boards. Retrieved from:
https://www.arduino.cc

[5] Blynk loT Platform. Real-time 10T Solutions for
Embedded Devices. Retrieved from:
https://blynk.io

[6] MathWorks. MATLAB Software for Data
Visualization and Engineering Applications.
Retrieved from: https://www.mathworks.com

[7] SolidWorks. CAD Software for 3D Modeling
and Prototyping. Dassault Systemes. Retrieved
from: https://www.solidworks.com

5849


https://www.arduino.cc/
https://blynk.io/
https://www.mathworks.com/
https://www.solidworks.com/

