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KEYWORDS ABSTRACT

Soil  moisture  monitoring, Major issues that agriculture faces today include its dependence on labor and its need for
environmental sensors, remote better water management and its requirement for continuous field observation. The research
field  monitoring, pesticide presents an Automated Agriculture Robot which enables smart irrigation and multiple field
spraying automation, Internet of parameter monitoring to solve these agricultural challenges. The proposed system uses
Things (IoT), precision  temperature sensors and humidity sensors and soil moisture sensors to monitor agricultural
agriculture, automated  field conditions through an Arduino-based controller. The local display of gathered data
agricultural robots, smart allows farmers to access real-time information which they can use to make data-driven

irrigation systems, Arduino-based

systems, and smart farming

technologies.

decisions while the data transmits to an IoT cloud platform. The robot provides precision
agriculture through its Bluetooth mobility system and its wireless camera which enables
field monitoring and its pesticide spraying system which operators can control from a
distance. Smart irrigation and pesticide application are made possible by a relay-controlled
pump, while reliable navigation is guaranteed by an L298 motor driver. The approach uses
a rechargeable battery system to enhance agricultural production while reducing manual
work and water and pesticide waste. The proposed method establishes a scalable solution
which operates at a lower cost and delivers effective results for modern smart farming

systems.

INTRODUCTION
Agricultural production remains crucial for numerous

economies because it protects worldwide food supply
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needs. The agricultural sector faces multiple challenges
because insufficient labor availability and inefficient

resource utilization and unpredictable climate conditions



http://www.ijmtst.com/vol12issue03.html
https://doi.org/10.5281/zenodo.19004723
https://doi.org/10.5281/zenodo.19004723
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.19004723
http://www.ijmtst.com/

and growing demands for higher agricultural production
capacity create obstacles to its existing farming practices.
The traditional  methods of irrigation and field
monitoring operations need manual work to track their
status because their current schedule system wastes
water and misuses pesticides and delays operational
functions. The existing problems demonstrate the need
for intelligent automated systems that enable farmers to
control their resources while monitoring their
agricultural fields with precise measurements. The
agricultural sector can achieve modernized operations
and sustainable farming practices through technological
advancements in robotics and embedded systems and
Internet of Things (IoT) solutions.

Agriculture uses IoT integration to enable permanent
environmental monitoring which includes tracking
temperature and humidity and soil moisture levels.
Farmers use cloud-based analysis and real-time data
collection to make informed decisions about their crop
protection and fertilization and irrigation processes. The
installation of sensors and wireless communication
modules enables agricultural systems to monitor field
conditions while reducing their need for human workers.
Automation creates a work environment that operates at
higher efficiency because it decreases labor needs and
eliminates potential human mistakes. Smart farming
systems that use embedded controllers and Internet of
Things platforms support precision agriculture by
optimizing water usage and improving plant health and
increasing total crop production with minimal negative
impact on the environment.

Agricultural systems achieve better automation results
through robotic systems which provide mobility together
with their ability to execute specific tasks. Mobile
agricultural robots can navigate different fields to
monitor crops, capture instant images, and perform
functions such as pesticide application and irrigation.
Robots can operate effectively across different types of
environments because they use motor drivers together
with DC motors and wireless control systems. The
combination of cameras and robotic platforms enables
real-time visual monitoring of agricultural conditions
which includes pest infestation detection and plant
growth assessment. These solutions provide fast
response capabilities which help increase agricultural

production and streamline field operations while
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protecting farmers from harmful pesticide exposure and
dangerous environmental hazards.

The research introduces an automated agricultural
robot which serves two functions. The system includes an
Arduino-based embedded controller and Bluetooth-
based mobility control and IoT cloud connectivity and
environmental sensors and a pesticide spraying system
which can be operated from a distance. The system shows
sensor information on-site before sending it to the cloud
for remote monitoring and analysis. The technology
provides real-time insights to enhance decision-making
and reduce water and pesticide usage and decrease the
need for manual labor. The proposed system offers an
affordable and expandable and effective solution for
current precision agriculture through its combination of
robotics and Internet of Things technology and smart

irrigation systems.

LITERATURE SURVEY
Recent that

monitoring systems and smart irrigation systems now

studies demonstrate agricultural
use Internet of Things (IoT) technologies more than
before. Research has shown that real-time data collection
and effective irrigation control are made possible by
combining soil moisture, temperature, and humidity
sensors with IoT platforms. The research conducted by
Manish V. Gurao and Vaidya [1] demonstrates that IoT-
based irrigation systems use soil conditions to automate
irrigation decisions which results in significant water
waste reduction. The IJRASET papers [2] and [3] showed
that cloud-based monitoring dashboards allow farmers
to remotely monitor their field metrics. The methods
used in this study help to increase crop production while
they reduce the need for manual work and they enhance
the precision of irrigation. The majority of solutions
require stationary sensor nodes which limits their
capacity to cover large agricultural fields with flexible
sensor deployment.

Researchers have developed movable robotic
platforms for precision agriculture in order to get beyond
the drawbacks of static monitoring systems. The
researchers introduced robot-based irrigation and
monitoring systems which use Arduino controllers to
achieve better field coverage and operational efficiency.
Mobile robots use DC motors with L298 motor drivers to
carry sensors and actuators which enable agricultural

mobility. Torres et al. [5] demonstrate that robotic




mobility enables localized monitoring of crops and
targeted irrigation which reduces excessive pesticide and
water usage. Robot operation is further made simpler by
Bluetooth and wireless control techniques. Agricultural
robots present a viable solution to current farming
challenges because these technologies enable quick
agricultural interventions while reducing physical
demands placed on farmers.

Recent studies have investigated both cloud analytics
and multi-parameter environmental monitoring systems.
Kumar et al. [6] demonstrated that wireless sensor
networks with IoT platforms enable farmers to monitor
their The

environmental factors with soil moisture measurements

fields in real-time. combination of
leads to better crop health assessment and improved
decision-making capabilities. Velmurugan [7] showed
that multi-sensor robots enhance agricultural field
monitoring and help farmers manage their crops through
advanced forecasting methods. The researchers also
stressed that sensor devices face three major challenges
which include short battery life plus connectivity needs
and dust-related malfunctioning. The actual sensor use
cases demonstrate that systems need both protective
measures and power-saving technologies for their
sensors.

Research has placed a greater emphasis on automation,
safety, and sustainability in agriculture between 2023 and
2025. The current advanced systems include automated
pesticide spraying systems together with cameras that
monitor crops during actual time periods to decrease
chemical waste and exposure to chemicals. According to
IJRCSEIT [9] automated spraying robots provide farmers
with better safety while they improve spraying precision.
The research findings from recent studies show that
future advancements will include GPS navigation
systems and Al image analysis systems for disease
detection and renewable energy integration. The
proposed system objectives receive support from these
developments while the application of mobile robots
with IoT functions proves to be a successful method for
creating smart sustainable agricultural systems[10].

The latest research findings in intelligent farming show
that scalable Internet of Things systems can work with
affordable embedded technology to make their systems
accessible to small and medium-sized agricultural
operations. Research has shown that farmers can use

agricultural automation systems which operate on
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Arduino and Node MCU technology to achieve reliable
results without spending much money [11]. Researchers
emphasize that cloud platforms and mobile applications
which provide simple access to user control functions
and sensor information will drive technology adoption in
various applications [12]. The modular system design
enables seamless expansion through the addition of pH
and NPK and light intensity sensors which will enhance
The

demonstrate that IoT-enabled agricultural robots with

crop management systems. study results
modular designs at affordable prices can enhance both
precision farming and sustainable agricultural practices

[13].

PROPOSED METHODOLOGY

The proposed methodology develops an independent
farming robot which uses embedded systems and sensors
and robotic systems and Internet of Things technologies
to execute real-time field monitoring and automated
The

microcontroller as its main processing unit to connect

irrigation  tasks. system wuses an Arduino
with multiple environmental sensors that measure
temperature and humidity and soil moisture. The
controller processes the field data that these sensors
continuously gather to assess the soil and crop
conditions. The system shows field data through a 16x2
LCD module which supports local display of sensed
parameters. The continuous monitoring process helps
detect environmental changes instantly while it
establishes the basis for automated irrigation systems
and decision-making operations.

The system employs a system that uses a relay to
control a water pump and spraying system to create an
automated system for
The

threshold values are compared to the readings from the

irrigation and pesticide

application. microcontroller's preprogrammed
soil moisture sensor. The irrigation pump operates
automatically when moisture levels drop below the
established threshold to supply water until conditions
return to their optimal state. The pesticide spraying
equipment operates with remote control functionality
which enables precise application of chemical waste
materials to be reduced according to actual needs. The
automation  system enables efficient resource
management because it eliminates the need for manual
spraying and fixed watering times. The relay interface

system provides two main benefits which include




electrical isolation and safe switching of high-power
devices to enhance operational safety and system
reliability.

The robotic movement system uses DC geared motors
which receive power from an L298 motor driver module.
The farmer uses the mobile application to control robot
movement across agricultural fields through Bluetooth
communication. The robot can move to different
locations because of its mobility feature which allows it
to monitor nearby areas and extensive regions. The robot
uses its wireless camera system to broadcast live video
which enables users to remotely observe field conditions
and pest infestations and crop health status. The system
field

capabilities and real-time visual access which reduces the

improves supervision through its mobile
need for staff to be present physically.

The Internet of Things serves as the fundamental
technology that enables both data analytics and remote
monitoring operations. The system utilizes a Node MCU
module to send sensor data which the Arduino collects to
a cloud-based IoT platform. Through a mobile or web-
based dashboard, farmers may access both historical and
real-time data, facilitating well-informed decision-
making. The system operates continuously because it
uses rechargeable lithium-ion batteries that receive
power from a controlled power source. The suggested
system enables advanced precision agriculture
applications through its modular and scalable design
which supports future developments such as GPS-based
navigation, Al-powered crop analysis, and renewable
energy source integration.

A. System Architecture

Anemometer Sensor -

Cloud Storage

Air Temperature &
Humidity Sensor

GSM Cellular
Module @
Rain Sensor >

Android
Application
I—’l Water Pump |

Air Quality Mod Arduino

PM2.5 Sensor »| Mega
Micro-

controller Relay
Actuator

Y

NH4 and CO2 Sensor

Soil Quality Module
Soil Moisture Sensor I

Soil pH Level Sensor

Fig 1 System Architecture
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Methodology

Data Collection and Sensor-Based Optical Sensing
The proposed system operates through dual systems

which

environmental monitoring equipment that engineers

include optical detection equipment and
installed within a mobile agricultural robot. The system
employs sensors to monitor temperature and humidity
levels together with soil moisture content which enables
crop health assessment and irrigation requirement
determination. The sensors perform their function by
collecting analog data at specific time inteA. rvals which
they transmit to the Arduino controller for subsequent
data processing. The system achieves precise soil and
environmental condition assessment through its capacity
to gather multiple data types without needing human
monitoring or preprogrammed irrigation schedules. Our
sensor-based approach establishes continuous and
precise data acquisition which occurs at specific locations
throughout the agricultural field.

The robot uses a wireless camera to perform optical
sensing together with its physical sensors. The camera
collects real-time visual data of crop conditions and soil
surface and plant growth patterns. System awareness
improves because optical sensing enables remote visual
assessment of crop health and pest infestation and
irrigation efficiency. The collected photos and live video
streams deliver extra diagnostic information which
environmental sensors alone cannot provide. The sensing
technique uses both quantitative sensor data and
qualitative visual information to enhance monitoring
precision and support effective agricultural choices.

The system operates to acquire sensor data which
requires sustained operation across different field
environments. The system tracks environmental changes
through scheduled sensor readings that occur at specific
times throughout the day. The system applies noise
filtering and calibration techniques at the controller level
to improve data precision while reducing data variability
which results from factors such as temperature changes
and soil salinity and sensor deterioration. The system
uses live video streaming to enhance optical sensing
which provides real-time field data that supports
numerical sensor measurements. The system achieves
better fault tolerance and overall operational strength
through its combination of hybrid sensing technology
which enables verification of detected situations. The
device uses both optical and tactile sensing to create




complete situational awareness of agricultural

environments.

Embedded Optical Control and System Architecture

The embedded optical control system uses an
Arduino microcontroller together with external sensing
and actuation modules as its core component. The
controller functions as the central processing unit which
manages both motor and pump and relay operations
while it receives sensor data for its decision-making
process. The wireless camera transmits optical inputs
through an Internet of Things communication module
which allows users to access real-time video through a
mobile or web interface. The robotic platform achieves
effective coordination of its sensor systems and
processing units and communication links and actuation
mechanisms through its modular embedded system
design.

The system architecture includes a NodeMCU
module which establishes cloud connectivity for
seamless remote IoT system management. The system
processes sensor data which the Arduino forwards to the
cloud for display on user accessible dashboards. Robot
navigation operates through Bluetooth while an optical
system functions simultaneously to deliver visual
The

architecture provides the system with capacity to scale its

information. distributed and layered system
operations while maintaining dependable performance

and supporting advanced image processing and
autonomous navigation system upgrades.

The embedded control framework uses its modular
and layered design structure to simplify both integration
and maintenance processes. The main controller keeps all
systems in sync while allowing the sensing system and
communication system and actuation system and
monitoring system to operate independently. The system
processes camera optical data as a separate stream from
sensor data to protect the microcontroller from facing
The

uninterrupted real-time video transmission through its

computational  overload. system  achieves
design which maintains control functions separate from
video transmission operations. The architectural design
enables system expansion through additional sensor or
module installation which requires minimal adjustments
to existing hardware and software components. The
structured embedded design system improves fault

isolation and enhances system flexibility while enabling
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future developments such as autonomous navigation

and image-based crop analysis.

Automated Detection Strategy and Diagnostic Decision
Process

The automated detection system uses real-time
sensor data to perform ongoing comparisons with
specific threshold values which the microcontroller has
established. The assessment of environmental stress
and humidity

measurements while soil moisture levels help determine

conditions requires temperature
the irrigation requirements. The system uses sensor data
to identify harmful conditions which trigger automatic
functions that include starting the irrigation pump and
sending user alerts through the IoT dashboard. Our rule-
based detection system provides automated solutions
that deliver fast and accurate results without requiring
human input, which leads to higher efficiency and lower
resource consumption.

The inbuilt camera provides optical data that further
supports the diagnostic decision-making process. Users
can confirm system operations and spot problems like
unequal irrigation, discolored crops, or pest activity by
using visual observations. The combination of sensor-
based detection with optical validation increases both
diagnostic reliability and decision confidence. The dual-
layer detection system enables precise agricultural
management through its ability to monitor operations
with both data analysis and visual confirmation.

The

automatic functions which helps to improve decision-

system validates logic before executing
making accuracy. Multiple sensor readings undergo
examination to stop temporary signal fluctuations from
causing false activations. The irrigation system activates
when soil moisture levels remain below the threshold for
a specified duration. The system achieves energy and
water conservation through its temporal validation
method which prevents unnecessary pump operations.
The IoT dashboard generates diagnostic alerts which
inform users about system status and implemented
measures. The system supports manual control through
user feedback which enables users to take control when
needed. This

maintains decision-making accuracy while providing

comprehensive automation system
clear understandable results which meet different

agricultural requirements.




Signal transmission and power distribution in
embedded systems
The

requires an effective power distribution system because

proposed autonomous agricultural robot
it needs to operate in both mobile and outdoor
agricultural environments. The robot system operates
with a rechargeable lithium-ion battery which a
controlled power supply circuit maintains to provide
stable voltage for all system components. The system
uses voltage regulators together with filtering circuits to
provide multiple operating voltages required by the
Arduino controller and its sensors and communication
modules and actuators. Proper power distribution
system design prevents controller failure while
protecting sensitive electronic devices from voltage
spikes which results in precise sensor measurements.
This trustworthy electrical system design enables
ongoing operations during extended field use while it
extends the operational lifespan of the system.

The system uses a combination of wired and wireless
interfaces to control signal communication. The Arduino
system uses its analog and digital and to send control
signals to motors and relays and pumps. The robot can
be controlled through Bluetooth for its navigation system
while Wi-Fi enables data transmission to the cloud
platform through NodeMCU system. The system
achieves accurate data sharing together with fast
actuation by wusing efficient signal routing and
communication coordination which decreases both
latency and interference. The organized communication
framework in smart agriculture applications improves
system responsiveness and system reliability and system
performance.

The system achieves better energy savings through
its ability to activate specific components which match
the system's operational needs. The system extends
battery life through its ability to operate its sensors and
communication modules in low-power modes whenever
The

communication system prioritizes essential data, which

permanent monitoring is not required.
includes soil moisture alarms, above standard data
updates to achieve optimal bandwidth capacity. The
system uses shielded wiring together with proper
grounding methods to achieve electrical noise reduction
while preserving system signal quality. The design
requirements establish essential elements which enable

systems to operate reliably in outdoor environments with
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high electrical noise. The agricultural system depends on
effective power and signal management to achieve
system stability and

and operational durability

successful system deployment.

RESULTS

Researchers assessed the proposed agricultural robot
through field tests which examined its monitoring
system and mobility features and control functions. The
system achieved successful operation by collecting data
on soil moisture and temperature and humidity which
were displayed on the onboard LCD at scheduled times.
The system enabled remote monitoring through a mobile
interface because it sent sensor data to the IoT cloud
platform in real time. Intelligent irrigation systems
require dependable environmental sensors because their
performance depends on sensor data accuracy and
reliability. The robot demonstrated its ability to navigate
the test area through Bluetooth control which showed
that its mechanical structure operated with strong
performance while its motor driver system worked
efficiently. The integrated sensing and communication
system showed reliable performance according to the
results of these tests.

The researchers conducted their tests of smart
irrigation and pesticide spraying systems by applying the
established threshold conditions which had been set
beforehand. The system activated the relay-operated
water pump whenever soil moisture content dropped
below the established threshold and stopped operation
when moisture levels reached their optimal values. The
method required less water for irrigation because it used
actual water needs instead of fixed schedule times which
conventional irrigation methods follow. The pesticide
spraying system which operated through remote control
delivered targeted application only when specific needs
arose. The system achieved operational flexibility
through its design which permitted users to override
automated decision making processes. the proposed
shows effectiveness in reducing water and chemical
waste while improving crop management and irrigation
precision according to the results .The wireless camera
provided live video streaming which enabled visual
inspection of crop conditions and tested the accuracy

of sensor measurements.




The visual feedback system allowed users to detect
plant growth patterns and irrigation coverage and track
down potential field anomalies. The power management
system successfully delivered consistent voltage control
throughout the testing period while enabling all modules
to operate without interruption. Extended deployment is
limited by network dependency and battery power, but
overall performance showed notable gains over
traditional farming methods. The findings support
precision agriculture, lower labor dependency, and
increase agricultural output when robotics, IoT, and
automation are combined. The system will gain more
scalability and intelligence through future developments
like

navigation.

Al-based picture and autonomous

analysis

Fig 2: Hardware configuration for automated agricultural

robots

The complete experimental setup for the proposed
autonomous agricultural robot which performs smart
irrigation and field monitoring activities appears in this
image. The system operates on a mobile robotic platform
which integrates various hardware components that
include wireless communication systems and a
microcontroller and motor drivers and relay-based pump
controls and environmental sensors. The configuration
demonstrates how sensor systems and computing units
and actuation components work together while
displaying effective hardware system integration. The
presence of a water reservoir and pump system
demonstrates that automated irrigation systems and
pesticide spraying systems have been established. The
proposed smart agricultural solution successfully proved
its feasibility through testing which evaluated robotic
movement and automated control systems and actual
sensor data acquisition in both laboratory and outdoor

environments.
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Fig 3: An agricultural robot equipped with sensors and

watering

The graphic shows how the agricultural robot moves and
operates its systems through the demonstration of its
mobile prototype. The robot can traverse agricultural
land because its wheels and DC motors enable it to
The

automatic irrigation and pesticide spraying through a

move without obstacles. system enables
relay-controlled pump system which operates based
on sensor inputs and remote commands to manage a
liquid container. The system uses its modular
hardware design to achieve efficient distribution of its
power and control signals. The prototype demonstrates
how robots can automate agricultural tasks while
maintaining their operational abilities without needing
human workers to be present in the fields. The system
shows its ability to execute specific watering and
spraying tasks through its operational implementation
which decreases water and chemical waste while

achieving better operational results in precision

agriculture systems.

Fig 4: Sensor and control configuration for agricultural

robots




The figure shows the top view of the embedded control
unit which the proposed system uses to display its sensor
interfacing and local monitoring capabilities. The
Arduino-based controller interfaces with sensors that
measure temperature and humidity and soil moisture,
while the real-time data is shown on a 16x2 LCD module.
The motor driver and relay modules control the robot
movements and pump operations, while the system uses
a wireless camera to provide visual crop condition
The embedded

successful integration of sensing and processing and

assessment. system demonstrates
communication and actuation elements which create the
fundamental structure of the automated agricultural

robot system.

CONCLUSION

The research demonstrated how to develop and
implement an autonomous agricultural robot which
performs smart irrigation together with multi-parameter
field monitoring. The system operates with continuous
soil and climate tracking capabilities through its
integrated systems which include environmental sensors
and embedded controllers and robotic mobility and
Internet of Things connectivity. Automated irrigation
controls water consumption according to soil moisture
levels while farmers access field information through a
cloud-based system. The existing system enables better
operational effectiveness through its wireless capabilities
and local LCD display system which provides users with
real-time operational status information. The method
provides an effective solution which addresses critical
challenges that traditional farming methods face,
including their reliance on human workers and their
excessive water consumption and their slow decision-
making processes.

The trial results showed that the proposed method
functions correctly during real-time operations. The
Bluetooth-controlled robot system enabled continuous
movement throughout the testing area while maintaining
reliable sensor data collection and cloud data
transmission. The automated pesticide and irrigation
systems operated with high accuracy which resulted in
reduced need for manual operation. The wireless camera
provided essential visual information which enabled
remote crop condition assessment and confirmed sensor-
based The

demonstrate that the proposed design effectively

decision-making  processes. results
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combines three technological systems which together
improve crop management while decreasing operating
expenses and enhancing agricultural productivity.

The system functions effectively however it contains
certain limitations which can be improved through future
development work. The system has two main operational
constraints which show that it needs permanent power
and wireless connection to function but people still have
to use manual navigation methods. The future system
will enhance its capabilities through three main
developments which include Al-based image analysis for
crop disease detection and GPS autonomous navigation
and solar energy system implementation. The system
achieves better decision-making results through
additional sensors which include pH and nutrient
monitoring devices. The proposed system needs these
enhancements to transform into a fully independent
agricultural system that operates with intelligent
automated functions. The research findings show that
IoT-based agricultural robotics systems provide farmers
with an environmentally friendly solution which can
expand their farming operations to meet modern

precision agriculture needs.
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