Y 8

L —\
Zestera

PUBLICATIONS [SSN: 3070-0507

International Journal of

Al EBIOMEDICINE INNOVATIONS

Peer Reviewed, Referred & Indexed Journal
www.zesterapublications.com

Original Research Paper

[oT-Based Smart AgroRobot for Soil Monitoring and
Al-Based Crop Prediction

Mr. Soumyaranjan Kandi
Student, Dept. of CSE,
GIFT Autonomous, Bhubaneswar

Abstract— The proposed “IoT-Based Smart AgroRobot for
Soil Monitoring and Al-Based Crop Prediction” system is
designed to improve modern agricultural practices using IoT
technology, machine learning, robotics, and real-time monitoring
systems. The system integrates soil moisture sensors, pH sensors,
temperature and humidity sensors, ESP32 microcontroller,
robotic movement control, and a Flask-based web dashboard to
perform intelligent soil monitoring and crop prediction
operations. The collected sensor data is analyzed using a machine
learning model to predict suitable crops, fertilizer
recommendations, and agricultural precautions based on real-
time soil conditions. The AgroRobot supports wireless
communication through ESP32 hotspot connectivity and enables
live dashboard monitoring, robotic movement control, servo
motor control, history management, and PDF report generation.
The proposed system reduces manual effort, improves monitoring
efficiency, and supports precision agriculture through
automation and intelligent decision-making. Experimental results
demonstrated reliable real-time monitoring, stable
communication, successful robotic operation, and accurate Al-
based crop prediction. The system can significantly contribute
toward smart farming and sustainable agriculture applications.

Keywords— loT, Smart Agriculture, ESP32, Machine
Learning, Soil Monitoring, AgroRobot, Crop Prediction, Flask
Dashboard, PCA9685, Sensors.

I.  INTRODUCTION

Agriculture is one of the most important sectors
contributing to economic development, food production,
employment generation, and human survival. In many
developing countries, agriculture acts as the backbone of the
economy and supports the livelihood of millions of farmers.
However, traditional agricultural practices mainly depend on
manual monitoring, human observation, and conventional
farming techniques, which are often inefficient, time-
consuming, labor-intensive, and less accurate. Farmers usually
rely on experience and visual inspection to monitor soil
conditions, irrigation requirements, environmental parameters,
and crop health. These traditional approaches may lead to
incorrect decision-making, delayed disease detection, poor
crop selection, excessive water usage, and reduced agricultural
productivity. Therefore, the adoption of modern intelligent
technologies in agriculture has become essential for improving
farming efficiency and achieving sustainable agricultural
development.

The rapid advancement of technologies such as Internet of
Things (IoT), Artificial Intelligence (AI), Machine Learning
(ML), robotics, cloud computing, and embedded systems has
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introduced new possibilities for smart agriculture and precision
farming applications. These advanced technologies enable
automated monitoring, intelligent decision-making, real-time
environmental analysis, robotic automation, and data-driven
agricultural management. IoT technology allows multiple
sensors and smart devices to communicate and exchange real-
time information over wireless networks. Machine learning
algorithms analyze agricultural data and generate intelligent
predictions and recommendations. Robotics technologies help
automate monitoring and field operations, thereby reducing
human effort and improving operational efficiency.

Smart agriculture systems have become increasingly popular
because they provide accurate monitoring and intelligent
agricultural management solutions. Modern agricultural
monitoring systems use various sensors for collecting
environmental and soil-related parameters such as soil
moisture, temperature, humidity, pH level, rainfall, and nutrient
conditions. These parameters are important for crop growth,
irrigation management, fertilizer selection, and disease
prevention. By continuously monitoring these environmental
conditions, farmers can make better decisions regarding crop
cultivation and resource management.

The proposed “loT-Based Smart AgroRobot for Soil
Monitoring and Al-Based Crop Prediction” system is designed
as an intelligent agricultural automation platform that combines
IoT technology, machine learning, robotics, wireless
communication, and web-based monitoring into a single
integrated system. The primary objective of the proposed
system is to automate soil monitoring and crop prediction
operations using real-time sensor data and intelligent analysis
techniques. The system aims to reduce manual monitoring
effort, improve agricultural productivity, support precision
farming, and provide accurate crop recommendations according
to soil conditions.

The proposed system consists of both hardware and software
modules working together for intelligent agricultural
monitoring. The hardware implementation includes ESP32
microcontroller, soil moisture sensor, pH sensor, DHT22
temperature and humidity sensor, L298N motor driver module,
PCA9685 servo driver module, servo motors, DC motors, and
rechargeable battery modules. The ESP32 microcontroller acts
as the central control and communication unit of the AgroRobot
system. It continuously collects environmental and soil data
from connected sensors and transmits the collected information
to the  Flask-based dashboard through  hotspot
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communication.The soil moisture sensor measures the water
content present in agricultural soil and helps determine
irrigation requirements and soil conditions. The pH sensor
monitors soil acidity and alkalinity levels, which are important
factors affecting crop growth and fertilizer recommendations.
The DHT22 sensor measures environmental temperature and
humidity conditions for agricultural monitoring and
environmental analysis. These sensors continuously provide
real-time environmental information that is further analyzed by
the machine learning module for intelligent crop prediction.

The robotic movement architecture of the AgroRobot system
is implemented using DC motors controlled through the
L.298N motor driver module. The robot can move in forward,
backward, left, and right directions according to dashboard
control commands. The PCA9685 servo driver module
controls multiple servo motors responsible for sensor
positioning and flexible monitoring operations. The robotic
system improves field monitoring efficiency and enables soil
analysis at different locations within agricultural land.

The software implementation of the proposed system is
developed using Python programming language and Flask web
framework. The Flask-based dashboard provides an interactive
user interface for live sensor monitoring, robotic movement
control, servo control operations, crop prediction analysis,
report generation, and history management functionalities. The
dashboard receives real-time sensor readings from the ESP32
controller and displays environmental conditions to the user in
graphical and numerical formats.

Machine learning plays a major role in the proposed smart
agriculture system. The machine learning model analyzes soil
moisture, pH, temperature, and humidity parameters for
predicting suitable crops according to soil conditions. The
prediction system also provides fertilizer recommendations
and agricultural precautions for improving crop productivity
and soil quality management. The use of machine learning
algorithms improves prediction accuracy and supports
intelligent agricultural decision-making processes.

The proposed system also includes report generation and
history management functionalities for maintaining
agricultural analysis records. The system stores previous
analysis data in JSON format and generates professional PDF
reports containing sensor readings, crop prediction results,
fertilizer recommendations, and agricultural precautions.
These reports help users maintain agricultural documentation
for future analysis and monitoring purposes.

One of the major advantages of the proposed system is its
hotspot communication architecture using ESP32. Unlike
cloud-dependent systems requiring continuous internet
connectivity, the proposed system creates a local wireless
communication network that enables direct communication
between the AgroRobot and the Flask dashboard without
requiring external internet access. This makes the system
suitable for deployment in remote agricultural environments
where internet connectivity may not always be available.

The proposed “loT-Based Smart AgroRobot for Soil
Monitoring and Al-Based Crop Prediction” system represents
an important step toward intelligent farming and sustainable
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agriculture. The integration of IoT technology, robotics,
machine learning, and web-based monitoring improves
monitoring accuracy, reduces manual effort, supports precision
agriculture, and enhances agricultural productivity. The system
provides a low-cost, scalable, and intelligent solution for
modern smart farming applications and demonstrates the
practical implementation of Artificial Intelligence and IoT
technologies in agriculture.

II. LITERATURE SURVEY

Agriculture has undergone significant technological
transformation over the past few decades due to the integration
of Internet of Things (IoT), Artificial Intelligence (Al),
Machine Learning (ML), robotics, wireless communication,
and sensor technologies. Researchers across the world have
developed various smart agriculture systems for improving
agricultural productivity, reducing manual effort, optimizing
resource utilization, and supporting intelligent decision-making
processes. The growing demand for sustainable agriculture and
precision farming has encouraged the development of
automated agricultural monitoring systems capable of
collecting real-time environmental data and generating
intelligent agricultural recommendations.

One of the major research areas in smart agriculture is IoT-
based environmental monitoring systems. These systems use
multiple sensors such as soil moisture sensors, temperature
sensors, humidity sensors, pH sensors, rainfall sensors, and
nutrient sensors for collecting environmental and soil-related
data from agricultural fields. The collected sensor data is
transmitted wirelessly to monitoring servers or cloud platforms
for analysis and visualization. Researchers have demonstrated
that IoT-based agricultural monitoring systems can improve
irrigation management, reduce water wastage, and support
efficient crop cultivation practices.

Several researchers have developed wireless sensor network
(WSN)-based smart agriculture systems for remote agricultural
monitoring. These systems mainly focus on monitoring
environmental conditions and automating irrigation control
processes. Wireless communication technologies such as WiFi,
ZigBee, Bluetooth, GSM, and LoRa are commonly used for
transmitting sensor data to remote servers or dashboards.
Although these systems improve monitoring efficiency, many
existing systems mainly focus only on environmental
monitoring and lack intelligent crop prediction and robotic
automation capabilities.

Machine learning and Artificial Intelligence technologies have
also been widely applied in agriculture for crop prediction,
disease detection, yield estimation, fertilizer recommendation,
and soil analysis applications. Researchers have developed
machine learning models using algorithms such as Decision
Tree, Random Forest, Support Vector Machine (SVM), K-
Nearest Neighbor (KNN), Naive Bayes, and Artificial Neural
Networks for analyzing agricultural datasets and generating
intelligent predictions. These machine learning systems
improve agricultural decision-making and help farmers select
suitable crops according to environmental and soil conditions.

Crop prediction systems based on machine learning mainly
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analyze environmental parameters such as soil moisture, pH
level, temperature, humidity, rainfall, and nutrient conditions
for predicting suitable crops. Some systems also provide
fertilizer recommendations and agricultural precautions for
improving farming productivity. Although machine learning
improves prediction accuracy, many existing crop prediction
systems depend on manual data entry rather than real-time
sensor monitoring. This reduces automation efficiency and
limits real-time agricultural analysis capability.

Researchers have also developed image processing and
computer vision-based agricultural systems for crop disease
detection and plant health monitoring. These systems analyze
crop leaf images using deep learning algorithms such as
Convolutional Neural Networks (CNNs) for identifying
diseases and pest infections. While these systems improve
disease detection accuracy, they generally focus only on image
analysis and do not integrate real-time soil monitoring and
robotic automation functionalities.

Robotics has become another important research area in
modern agriculture. Agricultural robots are being developed
for crop monitoring, harvesting, irrigation, spraying, seed
planting, and environmental analysis operations. Robotic
systems improve agricultural automation and reduce human
labor requirements. Some robotic agriculture systems use
autonomous navigation and GPS-based movement control for
large-scale field monitoring applications. However, many
robotic systems are expensive, complex, and difficult to deploy
in small-scale agricultural environments.

Several smart farming systems also use cloud computing for
storing agricultural data and enabling remote monitoring
functionalities. Cloud-based agriculture systems provide large-
scale data storage, multi-user accessibility, remote monitoring,
and data analytics capabilities. However, cloud-dependent
systems require continuous internet connectivity and may not
operate efficiently in rural or remote agricultural areas with
poor network availability.

Many existing agricultural systems also suffer from limitations
such as high implementation cost, dependency on internet
connectivity, limited real-time monitoring capability, lack of
integrated robotics support, absence of intelligent prediction
systems, and complex operational architecture. Most systems
focus on either environmental monitoring or crop prediction
separately rather than integrating all functionalities into a
single smart agriculture platform.

The proposed “loT-Based Smart AgroRobot for Soil
Monitoring and Al-Based Crop Prediction” system is
developed to overcome these limitations by integrating IoT
technology, = machine learning, robotics,  wireless
communication, and dashboard-based monitoring into a
unified agricultural automation platform. Unlike traditional
monitoring systems, the proposed system combines real-time
sensor monitoring, robotic movement control, machine
learning-based crop prediction, hotspot communication, report
generation, and dashboard management functionalities into a
single intelligent solution.

The proposed system uses ESP32 microcontroller for sensor
monitoring, robotic control, and wireless hotspot
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communication. The integration of hotspot communication
removes dependency on external internet connectivity and
improves system usability in remote agricultural environments.
The machine learning module analyzes real-time soil and
environmental conditions for generating crop prediction results
and fertilizer recommendations. The robotic movement
architecture improves field monitoring flexibility and enables
intelligent agricultural automation.

The Flask-based dashboard provides an interactive interface for
live monitoring, robotic control, report generation, and history
management operations. The system also supports PDF report
generation and JSON-based history management for
maintaining agricultural analysis records. The use of low-cost
hardware components such as ESP32, L298N motor driver,
PCA968S5 servo driver, and open-source software technologies
makes the proposed system affordable, scalable, and suitable
for both small-scale and large-scale agricultural applications.

Overall, the literature survey indicates that although many loT-
based smart agriculture systems have been developed, there is
still a need for integrated agricultural automation systems that
combine real-time monitoring, machine learning prediction,
robotics, wireless communication, and intelligent dashboard
management into a single platform. The proposed system
addresses these requirements and contributes toward modern
smart farming and precision agriculture applications using [oT
and Artificial Intelligence technologies.

III. PROPOSED SYSTEM

The proposed “loT-Based Smart AgroRobot for Soil
Monitoring and Al-Based Crop Prediction” system is
developed as an intelligent smart agriculture solution by
integrating Internet of Things (IoT), robotics, machine learning,
wireless communication, and web-based monitoring
technologies into a unified agricultural automation platform.
The main objective of the proposed methodology is to automate
soil analysis, environmental monitoring, robotic movement,
crop prediction, and agricultural recommendation processes
using real-time sensor data and Artificial Intelligence
techniques. The proposed system is designed to improve
agricultural efficiency, reduce manual monitoring effort, and
support precision farming applications through intelligent
automation.

The complete system architecture is divided into multiple
interconnected hardware and software modules that work
together to perform soil monitoring and crop prediction
operations. The hardware section mainly consists of ESP32
microcontroller, soil moisture sensor, pH sensor, DHT22
temperature and humidity sensor, L298N motor driver module,
PCA9685 servo driver module, servo motors, DC motors, and
rechargeable battery modules. The ESP32 microcontroller acts
as the central processing and communication unit of the
AgroRobot system. It continuously collects sensor data,
controls robotic movement operations, and communicates with
the Flask-based dashboard using local hotspot communication.

The soil moisture sensor measures the water content present in
agricultural soil and helps in determining irrigation conditions
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and soil quality. The pH sensor monitors the acidity and
alkalinity level of soil, which is an important parameter for
selecting suitable crops and fertilizer recommendations. The
DHT22 sensor measures atmospheric temperature and
humidity conditions for environmental monitoring and
agricultural analysis. The collected sensor values are
continuously processed by the ESP32 controller and
transmitted wirelessly to the Flask dashboard interface.The
robotic movement section of the AgroRobot system is
implemented using DC motors connected through the L298N
motor driver module. The AgroRobot can move in forward,
backward, left, and right directions according to dashboard
control commands. The PCA9685 servo driver controls
multiple servo motors responsible for sensor positioning and
robotic monitoring operations. The robotic system enables
efficient soil analysis at different field locations and improves
monitoring flexibility.

The software implementation of the proposed system consists
of Flask web framework, machine learning crop prediction
module, dashboard interface, history management system, and
PDF report generation system. The Flask dashboard provides
an interactive interface for displaying live sensor readings,
controlling robotic movement, operating servo motors,
performing soil analysis, and generating agricultural reports.
The machine learning model analyzes the collected soil
parameters and predicts suitable crops according to soil
conditions. The prediction system also generates fertilizer
recommendations and agricultural precautions for improving
farming productivity and soil quality.

The proposed methodology begins with real-time sensor data
acquisition from agricultural land. The ESP32 controller reads
sensor values through analog and digital pins and sends the
data to the Flask server through hotspot communication. The
machine learning module processes the sensor data and
generates intelligent agricultural recommendations. The
generated reports are stored in JSON format and can also be
downloaded as professional PDF reports for future agricultural
analysis and documentation purposes.

The integration of IoT technology, machine learning
algorithms, robotics, and real-time dashboard monitoring
enables the proposed system to improve monitoring accuracy,
reduce manual effort, increase prediction efficiency, and
support intelligent agricultural decision-making for smart
farming applications.
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Fig 3.1 System Working Flow Diagram Fig 3.2 ESP32 Communication Flow Diagram
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The system architecture of the proposed “IoT-Based Smart
AgroRobot for Soil Monitoring and Al-Based Crop Prediction”
system is designed using a modular and layered architecture
where hardware modules, communication systems, machine
learning models, robotic systems, and web technologies are
integrated into a single intelligent agricultural platform. The
architecture mainly consists of sensor monitoring modules,
ESP32 controller unit, robotic movement system, wireless
communication layer, Flask-based dashboard server, machine
learning crop prediction system, history management module,
and PDF report generation module.

The sensor layer of the system contains multiple sensors
responsible for collecting real-time agricultural data from the
environment. The soil moisture sensor measures water content
present in the soil and helps in monitoring irrigation conditions.
The pH sensor measures soil acidity and alkalinity levels for
determining suitable crop conditions. The DHT22 sensor
measures environmental temperature and humidity parameters.
These sensors continuously collect environmental data and send
the readings to the ESP32 controller for processing and
communication operations.

The ESP32 microcontroller acts as the central control unit of
the AgroRobot system. It performs sensor data acquisition,
wireless communication, robotic control, and dashboard
synchronization operations. The ESP32 controller receives
sensor values through analog and digital input pins and
processes the collected data in real time. The built-in WiFi
capability of ESP32 creates a local hotspot communication
network that allows the Flask dashboard to connect directly
with the AgroRobot system without requiring external internet
connectivity. This communication architecture improves
system reliability and enables deployment in remote
agricultural environments.

The robotic movement architecture of the system consists of
L298N motor driver module, DC motors, PCA9685 servo
driver module, and servo motors. The L298N driver controls
the movement of DC motors responsible for AgroRobot
mobility. The robot supports forward, backward, left, and right
movement operations controlled through dashboard commands.
The PCA9685 servo driver controls servo motors responsible
for sensor positioning and flexible agricultural monitoring
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operations. This robotic movement architecture improves field
coverage and monitoring flexibility.

The Flask-based dashboard acts as the software control and
monitoring layer of the proposed architecture. The dashboard
receives live sensor readings from the ESP32 controller and
displays real-time soil and environmental conditions to the
user. The dashboard also provides robotic movement controls,
servo controls, soil analysis operations, report generation
functionalities, and history management options. Users can
monitor agricultural conditions and control the AgroRobot
directly through the dashboard interface.

The machine learning layer of the proposed system analyzes
collected soil and environmental parameters for generating
intelligent crop prediction results. The trained machine
learning model predicts suitable crops according to soil
conditions and generates fertilizer recommendations and
agricultural precautions. The generated prediction results are
stored in JSON format and can be converted into PDF reports
for future analysis and documentation.

The integrated architecture of the proposed system enables
real-time soil monitoring, robotic automation, machine
learning-based crop prediction, dashboard communication,
and intelligent agricultural decision-making within a single
smart agriculture platform. The architecture improves
precision farming efficiency and supports sustainable
agricultural practices using IoT and Artificial Intelligence
technologies.

Fig 4.1 System Architecture Diagram
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V. HARDWARE AND SOFTWARE IMPLEMENTATION

The hardware and software implementation of the
proposed “TIoT-Based Smart AgroRobot for Soil Monitoring
and Al-Based Crop Prediction” system is designed using
multiple integrated modules that work together for performing
intelligent agricultural monitoring and automation operations.
The implementation process mainly includes sensor
integration,  robotic =~ movement  control,  wireless
communication, machine learning-based crop prediction,
dashboard monitoring, and report generation functionalities.
The integration of both hardware and software technologies
enables the proposed system to perform real-time monitoring
and intelligent agricultural analysis efficiently.

The hardware implementation mainly consists of ESP32
microcontroller, DHT22 temperature and humidity sensor, soil
moisture sensor, pH sensor, L298N motor driver module,
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PCA9685 servo driver module, servo motors, DC motors, and
battery power supply modules. The ESP32 microcontroller acts
as the central control unit of the AgroRobot system. It is
responsible for reading sensor data, controlling robotic
movement, managing wireless communication, and sending
live sensor readings to the Flask dashboard through WiFi
hotspot communication. The built-in WiFi capability of ESP32
enables direct communication between the AgroRobot system
and the web dashboard without requiring external internet
connectivity.The DHT22 sensor continuously monitors
environmental temperature and humidity conditions required
for agricultural analysis. The soil moisture sensor measures the
water content present in agricultural soil and helps in
determining irrigation conditions and soil quality. The pH
sensor measures soil acidity and alkalinity levels, which are
important parameters for crop prediction and fertilizer
recommendation processes. These sensors continuously collect
real-time environmental data and transmit the readings to the
ESP32 controller for processing operations.

The robotic movement system of the AgroRobot is
implemented using DC motors connected through the L298N
motor driver module. The robot supports forward, backward,
left, and right movement operations controlled through
dashboard commands. The L298N driver controls motor
direction and speed operations efficiently. The PCA9685 servo
driver module controls servo motors responsible for sensor
positioning and flexible monitoring operations. The servo
system improves agricultural monitoring flexibility by enabling
accurate sensor movement and positioning across different field
locations.

The software implementation of the proposed system is
developed using Python programming language and Flask web
framework. The Flask dashboard acts as the main user interface
of the system and provides live sensor monitoring, robotic
movement control, servo control, crop prediction operations,
report generation, and history management functionalities. The
dashboard continuously receives live sensor readings from the
ESP32 controller and displays real-time agricultural conditions
to the user.

The machine learning implementation analyzes soil moisture,
pH, temperature, and humidity values for generating intelligent
crop prediction results. The trained machine learning model
predicts suitable crops according to soil conditions and also
generates  fertilizer recommendations and agricultural
precautions. The generated analysis results are stored in JSON
format and can also be downloaded as professional PDF reports
for future agricultural analysis and documentation
purposes.The integration of hardware sensors, robotic systems,
wireless communication modules, machine learning
algorithms, and web-based dashboard technologies enables the
proposed AgroRobot system to support intelligent agricultural
monitoring, automation, precision farming, and smart decision-
making operations efficiently.

VI. RESULTS AND DISCUSSION

The proposed “loT-Based Smart AgroRobot for Soil
Monitoring and Al-Based Crop Prediction” system was
successfully implemented and tested under different
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agricultural monitoring conditions. The system effectively
performed real-time soil analysis, environmental monitoring,
robotic movement control, crop prediction, fertilizer
recommendation, dashboard communication, and report
generation operations. The integration of IoT technology,
machine learning algorithms, robotics, and web-based
monitoring enabled the system to achieve intelligent
agricultural automation and precision farming functionalities
efficiently.

The sensor monitoring system successfully collected real-time
environmental and soil parameters using DHT22 temperature
and humidity sensor, soil moisture sensor, and pH sensor
modules. The DHT22 sensor continuously monitored
atmospheric temperature and humidity conditions and
transmitted live readings to the ESP32 controller. The soil
moisture sensor accurately measured water content present in
agricultural soil, while the pH sensor monitored soil acidity
and alkalinity levels required for crop prediction analysis. The
collected sensor readings were processed by the ESP32
controller and transmitted wirelessly to the Flask-based
dashboard through hotspot communication.

The Flask dashboard successfully displayed live sensor
readings and continuously updated real-time agricultural
conditions without requiring external internet connectivity.
The dashboard interface provided a user-friendly environment
for monitoring soil parameters, controlling robotic movement,
operating servo motors, generating crop predictions, viewing
historical data, and downloading analysis reports. The
dashboard communication system demonstrated stable
wireless connectivity between ESP32 and Flask server using
hotspot communication architecture.The robotic movement
section of the AgroRobot system operated successfully using
DC motors connected through the L298N motor driver module.
The robot responded accurately to movement commands such
as forward, backward, left, and right directions through
dashboard control operations. The PCA9685 servo driver
module successfully controlled servo motor movement for
sensor positioning and flexible monitoring operations. The
robotic system improved field monitoring efficiency by
enabling movement across different agricultural locations.

The machine learning crop prediction module successfully
analyzed collected soil and environmental parameters and
generated intelligent crop prediction results according to soil
conditions. The prediction system also generated fertilizer
recommendations and agricultural precautions for improving
crop productivity and soil quality. The prediction accuracy was
improved by using real-time sensor values instead of static
manual input parameters.

The history management and PDF report generation system
successfully stored agricultural analysis data in JSON format
and generated professional PDF reports containing sensor
readings, crop prediction results, fertilizer recommendations,
and agricultural precautions. The generated reports improved
agricultural documentation and enabled future analysis and
monitoring operations.

The overall system testing demonstrated reliable
communication, stable sensor monitoring, accurate robotic
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control, efficient dashboard operation, and successful machine
learning prediction functionalities. The proposed AgroRobot
system significantly reduced manual monitoring effort,
improved agricultural analysis efficiency, and supported
intelligent decision-making for smart farming applications. The
implementation results confirmed that the proposed system can
effectively contribute toward precision agriculture, agricultural
automation, and sustainable smart farming practices using loT
and Artificial Intelligence technologies.
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VII. ADVANTAGE OF PROPOSED SYSTEM

The proposed “loT-Based Smart AgroRobot for Soil
Monitoring and Al-Based Crop Prediction” system provides
multiple advantages over traditional agricultural monitoring
and manual farming methods. The integration of Internet of
Things (IoT), robotics, machine learning, wireless
communication, and dashboard technologies enables the system
to perform intelligent agricultural monitoring and automation
operations efficiently. The proposed system improves
agricultural productivity, reduces manual effort, enhances
monitoring accuracy, and supports precision farming
applications through real-time data analysis and intelligent
decision-making functionalities.One of the major advantages of
the proposed system is real-time soil and environmental
monitoring. The integration of soil moisture sensor, pH sensor,
and DHT22 temperature and humidity sensor enables
continuous monitoring of important agricultural parameters.
The system continuously collects live sensor readings and
displays the values on the Flask dashboard in real time. This
helps farmers and agricultural users monitor environmental
conditions efficiently and take immediate corrective actions
whenever required.

Another important advantage of the system is intelligent crop
prediction using machine learning algorithms. The machine
learning model analyzes real-time soil and environmental
conditions and predicts suitable crops according to soil quality
parameters. The prediction system also provides fertilizer
recommendations and agricultural precautions for improving
crop productivity and maintaining soil health. This intelligent
recommendation system supports precision agriculture and
improves farming decision-making processes.

The robotic movement and automation capability of the
2026, Vol 2 Issue 2 | 51
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AgroRobot system is another significant advantage. The robot
can move in forward, backward, left, and right directions
through dashboard control operations. The robotic movement
system improves field monitoring flexibility and enables
efficient agricultural data collection from different field
locations. The PCA9685 servo driver also enables flexible
sensor positioning for accurate monitoring operations.

The Flask-based dashboard interface provides a user-friendly
platform for agricultural monitoring and robotic control. The
dashboard displays live sensor readings, crop prediction
results, robotic control options, analysis reports, and historical
data management functionalities. The hotspot communication
capability of ESP32 allows direct communication between the
AgroRobot system and the dashboard without requiring
external internet connectivity. This improves system reliability
and enables deployment in remote agricultural environments
where internet connectivity may not be available.

The PDF report generation and history management
functionalities improve agricultural documentation and data
storage operations. The system stores previous analysis results
in JSON format and generates professional PDF reports
containing sensor readings, crop prediction results, fertilizer
recommendations, and agricultural precautions. These reports
help users maintain agricultural records for future monitoring
and analysis purposes.

The proposed system also reduces manual monitoring effort
and saves time by automating soil analysis and crop prediction
operations. Traditional agricultural monitoring methods
mainly depend on manual inspection and laboratory testing,
which are time-consuming and less efficient. The proposed
smart agriculture system automates these operations using real-
time sensors and machine learning technologies, thereby
improving efficiency and reducing operational complexity.

Another major advantage of the proposed system is its low-
cost and scalable architecture. The system is developed using
low-cost hardware components such as ESP32, sensors, motor
drivers, and open-source software technologies. This makes
the system affordable and suitable for small-scale and large-
scale agricultural applications. The modular architecture of the
system also enables future expansion and integration of
additional sensors and intelligent technologies.

Overall, the proposed smart AgroRobot system provides an
efficient, intelligent, scalable, and cost-effective solution for
modern agricultural monitoring, automation, and precision
farming applications using IoT and Artificial Intelligence
technologies.

VIII. FUTURE SCOPE

The proposed “loT-Based Smart AgroRobot for Soil
Monitoring and Al-Based Crop Prediction” system provides an
intelligent and efficient solution for modern smart agriculture
applications.  Although the current implementation
successfully performs real-time soil monitoring, robotic
movement control, machine learning-based crop prediction,
dashboard communication, and report generation operations,
there is significant scope for future enhancement and
technological advancement. The integration of additional
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intelligent technologies and automation functionalities can
further improve system performance, scalability, accuracy, and
agricultural usability.

One of the major future enhancements of the proposed system
is the development of a dedicated mobile application for
Android and i0S platforms. A mobile application can provide
farmers and agricultural users with direct access to live sensor
monitoring, robotic control, crop prediction, and report
generation functionalities through smartphones. Mobile-based
agricultural monitoring can improve accessibility and allow
users to operate the AgroRobot system efficiently from
agricultural fields without requiring laptops or desktop systems

Another important future improvement is cloud integration and
remote monitoring capability. Currently, the proposed system
mainly uses ESP32 hotspot communication for local wireless
connectivity. In future versions, cloud-based communication
architecture can be integrated for enabling remote agricultural
monitoring and data synchronization over the internet. Cloud
storage can improve large-scale agricultural data management,
multi-user accessibility, real-time synchronization, and long-
term agricultural analysis operations

The machine learning module of the proposed system can also
be improved further by using larger and more diverse
agricultural datasets. The current prediction model mainly
analyzes soil moisture, pH, temperature, and humidity
parameters for crop prediction operations. Future enhancements
may include advanced deep learning algorithms, large-scale
agricultural datasets, weather forecasting integration, and
region-specific crop analysis for improving prediction accuracy
and recommendation quality.

Another valuable future enhancement is the integration of
additional agricultural sensors such as NPK sensors, rainfall
sensors, sunlight intensity sensors, gas sensors, and
environmental monitoring modules. These additional sensors
can provide more detailed soil and environmental analysis and
improve intelligent agricultural decision-making capabilities.
The integration of image processing and computer vision
technologies can also enable crop disease detection and plant
health monitoring functionalities.

The robotic movement architecture of the AgroRobot system
can further be upgraded into a fully autonomous agricultural
robot using GPS modules, ultrasonic sensors, obstacle detection
systems, and Al-based navigation technologies. Autonomous
navigation capability will allow the robot to move
automatically across agricultural fields without manual
dashboard control operations. This enhancement can improve
monitoring efficiency and support large-scale agricultural
automation applications.

Future versions of the system can also integrate automated
irrigation control mechanisms using relay modules and smart
water management technologies. The system can automatically
activate irrigation systems according to soil moisture conditions
and environmental requirements. This can help reduce water
wastage and improve irrigation efficiency in agricultural
environments.

Another important future enhancement is the implementation of
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edge Al processing and offline prediction capability. Future
systems can perform crop prediction and agricultural analysis
directly on edge devices such as ESP32 or embedded Al
modules without depending on external servers. This can
improve processing speed, reduce latency, and support
deployment in remote agricultural regions with limited internet
connectivity.

Multi-language dashboard support can also be implemented
using regional languages such as Hindi, Odia, Bengali, and
other local languages to improve accessibility for farmers from
different regions. Advanced graphical analytics, historical data
visualization, and automated agricultural advisory systems can
further improve the overall user experience and intelligent
farming capabilities.

Overall, the future enhancements of the proposed system can
transform the AgroRobot into a fully autonomous, intelligent,
scalable, and highly efficient precision agriculture platform
capable of supporting modern smart farming and sustainable
agricultural development using IoT, Artificial Intelligence,
robotics, and cloud technologies.

CONCLUSION

The proposed “loT-Based Smart AgroRobot for Soil
Monitoring and Al-Based Crop Prediction” system has been
successfully designed and implemented as an intelligent smart
agriculture solution by integrating Internet of Things (IoT),
robotics, machine learning, and web-based monitoring
technologies into a unified agricultural automation platform.
The system effectively performs real-time soil monitoring,
environmental analysis, robotic movement control, crop
prediction, fertilizer recommendation, dashboard
communication, and report generation operations. The
integration of advanced technologies enables the proposed
system to support intelligent agricultural decision-making and
precision farming applications efficiently.

The developed system successfully combines hardware and
software technologies for achieving automated agricultural
monitoring and analysis. The hardware implementation
includes ESP32 microcontroller, soil moisture sensor, pH
sensor, DHT22 temperature and humidity sensor, L298N
motor driver module, PCA9685 servo driver module, servo
motors, DC motors, and battery power supply systems. The
ESP32 controller acts as the central processing unit of the
AgroRobot system and performs sensor monitoring, robotic
movement control, wireless communication, and dashboard
synchronization operations. The hotspot communication
capability of ESP32 allows direct communication between the
AgroRobot system and the Flask dashboard without requiring
external internet connectivity.

The sensor monitoring system successfully collects real-time
soil and environmental parameters required for agricultural
analysis. The soil moisture sensor monitors soil water content,
while the pH sensor measures soil acidity and alkalinity levels
for crop prediction operations. The DHT22 sensor
continuously measures environmental temperature and
humidity conditions for improving agricultural monitoring
accuracy. The collected sensor data is processed and
transmitted wirelessly to the Flask dashboard through hotspot
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communication architecture.

The robotic movement section of the AgroRobot system
operates successfully using DC motors connected through the
L298N motor driver module. The robot responds accurately to
movement commands such as forward, backward, left, and right
directions through dashboard control operations. The PCA9685
servo driver controls servo motors responsible for sensor
positioning and flexible monitoring operations. The robotic
movement architecture improves field monitoring flexibility
and enables efficient agricultural data collection from different
field locations.

The Flask-based dashboard interface successfully provides live
monitoring and intelligent control functionalities for the
proposed system. The dashboard displays real-time sensor
readings, crop prediction results, robotic movement controls,
servo control operations, history management functionalities,
and PDF report generation options. The machine learning
prediction module analyzes collected soil parameters and
generates intelligent crop prediction results along with fertilizer
recommendations and agricultural precautions according to soil
conditions.

The implementation and testing results confirmed that the
proposed system operates efficiently and reliably under
different agricultural monitoring conditions. The integration of
IoT technology, machine learning algorithms, robotics, and
dashboard communication significantly reduces manual
monitoring effort, improves monitoring accuracy, supports

intelligent agricultural analysis, and enhances farming
productivity. The generated PDF reports and history
management functionalities also improve agricultural

documentation and future monitoring operations.

Although the proposed system has certain limitations related to
sensor calibration, communication range, and large-scale
deployment, these limitations can be improved through future
enhancements such as cloud integration, autonomous
navigation, advanced Al processing, image-based crop disease
detection, automated irrigation systems, and mobile application
support.

In conclusion, the proposed “loT-Based Smart AgroRobot for
Soil Monitoring and Al-Based Crop Prediction” system
represents an important step toward intelligent agriculture and
sustainable smart farming practices. The system successfully
demonstrates the practical implementation of IoT, Artificial
Intelligence, robotics, and web technologies for agricultural
automation and precision farming applications. The proposed
system has strong potential for future expansion and can
significantly  contribute  toward modern agricultural
development and smart farming transformation.
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