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Abstract : The fast progresses in innovation have brought about in modern arrangements to agrarian challenges such as labor
deficiencies abuse of assets and time limitations this paper talks about an independent cultivating robot that coordinating modern
quill boring innovation conjointly incorporates an computerized water system framework and a seeding component that can alter
conventional cultivating hones the utilize of this robot joins mechanical autonomy manufactured insights and exactness agribusiness
for effectiveness picks up and misfortune of manual labor quill penetrating innovation makes a difference with ideal soil air
circulation advances establishing of crops and helps with supplement assimilation the water system framework gives exactness
control of water dissemination for made strides water utilize and squander diminishment creating better-quality crops the
mechanized seed scattering gadget guarantees an indeed dispersion of seed coming about in more edit thickness and superior
abdicate the independent cultivating robot has the potential to help in maintainable cultivating making more time for the agriculturist
to oversee the cultivating operation and offer ceaseless operation through basic developing periods agribusiness innovation exceeds
expectations in farm productivity and maintainable naturally neighborly horticulture thats demonstrated to utilize less input this
paper will examine the plan of the autonomous farming framework and its operation examining the legitimate benefits that will
analyze current cultivating hones.

IndexTerms - Component,formatting,style,styling,insert.

INTRODUCTION

Agriculture stands out as one of the foremost basic divisions for human jobs giving nourishment generation security financial
soundness and worldwide supportability be that as it may cutting edge farming is progressively assail by labor deficiencies wasteful
hones expanded request for nourishment generation and the impacts of climate alter customary agriculture which is intensely
dependent upon human labor is wasteful and time expending coming about in limitations to efficiency and versatility with
expectations of a worldwide populace surpassing 9 billion by 2050 we direly require productive and maintainable cultivating
solutions one of the essential issues with conventional cultivating strategies is the tall reliance on manual labor for errands such as
soil air circulation water system and seeding these assignments require huge human-labor exertion time and assets driving to uneven
planting watering and soil debasement also other natural stressors such as a need of water and destitute soil ripeness worsen
confinements in rural yields subsequently finding more productive and exact cultivating procedures is basic to maintainable
agriculture given these challenges robotization in farming has the potential to be a transformative reply utilizing mechanical
frameworks combined with programmable controllers in advanced cultivating will permit for expanded effectiveness exactness and
maintainability in rural yield this extend gives an case of a cultivating robot that independently gives three fundamental farming
operations feather drilling soil air circulation water system and plant fertilizers to crops

The study's main contributions were: to mechanize essential functions of farming, and have a simple, non-Al-based method of
control so that all farmers can easily use it. The main functions include: Feather Drilling (Automated Soil Aeration): to facilitate
nutrient uptake and root penetration by aerating the soil appropriately throughout the soil profile. to promote improved plant growth,
by preventing compaction of the soil and promoting aeration in the soil. Optimizing Water Delivery (Automated Watering): to
ensure sufficient water delivery with minimal water waste. to achieve optimal water delivery ensuring that moisture levels are
neither over or under watering. Increasing Seed Density (Precise Process): to promote crop density and decrease competition for
resources by spacing seeds use appropriate distance. to reduce hours of manual labor, while encouraging better timing of planting.
Reducing Labor Requirement and Costs: to automate repetitive and physical processes to decrease human labor. to increase farmer
efficiency in the field and at the same time improve the decision making capacity (agri-management). Increasing Efficiency by
Utilizing Control Functions: to make the farming implementing process pr eforming actions, by attaching arduino microcontrollers
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and motorized actuators. to allow for remote operation by Bluetooth (HC-05), or wired controlled.Facilitating Reduction in Wastage
by Creating a Robinson and Simplified Production Cycle: to water, seeds and top soil nutrients through an efficient utilization of
nutrients to crop.

I1.LITERATURE REVIEW:

Research on the application of robots and automation in agriculture with aims of higher output, lower dependence on human labour,
and best use of resources has abound. Many studies have concentrated on creating autonomous agricultural robots capable of
handling chores including irrigation, soil preparation, planting, and crop monitoring. Four groups into which present solutions fall
are soil aeration technologies, intelligent irrigation systems, different agricultural robots, and automated seeding equipment. One
instance of this is the FarmDroid FD20 automated seeding and planting system, which guarantees optimal seed location and lowers
waste by means of GPS-based precision planting [1]. Small and medium-sized farmers may find it more difficult to use these
efficient robots since they are made for vast agricultural areas and run costly satellite navigation systems. Likewise, smart irrigation
systems employing lIoT technology to monitor soil moisture are recommended in order to help lower water consumption. Research
by Sharma et al. provides a real-time soil moisture detection system that measures crop water absorption depth [2], so improving
irrigation schedules. While these fixes help to lower water consumption, they overlook other vital agricultural practices including
aeration and planting. To raise soil fertility and root oxygen levels, then, soil aeration is essential. Usually depending on tractor-
driven or human ploughing, conventional techniques can be costly and time-consuming. Although some robatic systems, like the
Bonirob from Deepfield Robotics, can monitor soil and weed, they are not designed for aeration; instead, they rely on Al-driven
visual processing, which raises the general cost and complexity of the device [3]. Many multifarious agricultural robots have also
been developed to handle different farming chores. The AgBot Il is an autonomous platform developed by Queensland University
of Technology that can seed, fertilise and control weeds [4]. Its great reliance on expensive Al-based vision technologies and GPS
navigation limits its affordability. Similar to this, scattered robotic systems like SwarmBot monitor and manage crops using several
smaller robots, but their main focus is data collecting rather than actively controlling irrigation and soil [5]. Notwithstanding
technological developments, current autonomous farming systems still have problems including high costs, reliance on sophisticated
artificial intelligence and GPS navigation, and insufficient control over important agricultural operations. The proposed agricultural
robot seeks to solve these problems by offering a complete and reasonably priced system combining soil aeration, watering, and
planting. Small and medium-sized farms can find this approach more financially feasible since it does not depend on expensive
sensors or GPS-based location. Combining several important farming activities into one independent unit may be financially
feasible to raise agricultural output, improve resource efficiency, and lower dependency on labour.

IHLLSYSTEM ARCHITECTURE:
The agricultural robot's system architecture is meant to smoothly merge hardware and software aspects, allowing automatic soil

aeration, irrigation, and sowing. The modular architecture lets one simple extend and adapt. A. architectural hardware The
hardware architecture consists of multiple coupled elements allowing precision farming operations .
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The primary components consist of: The central processing unit of a microcontroller such as an Arduino Uno or Raspberry Pi is
used together. It receives real-time data from various sensors, manages the inputs, and modifies the actuators accordingly. In
sensors: The soil moisture sensor (YL-69 / Capacitive Sensor) is the water content in the soil, which determines whether irrigation
is required. The ultrasonic sensor (HC-SR04) detects obstacles and halts collisions. This will allow the robot to navigate without
issues. The DHT11 / DHT22 temperature and humidity sensor monitors environmental conditions and has effects on the crop's
growth. Actuators and Mechanism: -DC Motors (Movement)-Control the wheels of the robot for autonomous movement in the
field. -Rotary Tines (Aeration)-Loosen the soil before planting seeds. -Solenoid Valves & Water Pump-Sort water based on soil
moisture for irrigation. -Servo Motor (Seeding)-Allows controlled, even, and consistent seed placement in a location. Power Supply-
The system is powered by rechargeable lithium-ion batteries or solar panels to provide mobility and energy efficiency. A voltage
regulator will ensure a steady power supply to the electronics.
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Figure 1: Circuit Diagram of the Farming Robot using HC-05 and Arduino
Hardware Architecture of HC-05:

The circuit diagram in Figure 1 depicts the hardware design and communication to the software in the farming automation system.
The Arduino Uno is the main microcontroller and controls the control signals and collects data from numerous components. Below
is a list of components in the system.

1. Arduino Uno : The Arduino Uno acts as the fundamental processing unit. It collects data from the HC-05 Bluetooth module,
runs the servo motor, activates the relay, and operates the motor controller.

2. HC-05 Bluetooth Module: The HC-05 Bluetooth module wireless connects the Arduino to an external device (i.e., smartphone
or computer). The function of the Bluetooth module allows the user to control the farming system and scales. The Bluetooth
module runs as a serial device over the TX and RX interfaces to the Arduino.

3. L298N Motor Driver Module :The L298N motor driver manages the operation of the DC motors in the farming system. The
L298N motor driver has DC motors, and a motor that permits backward, reverse, and rotating operation. The Arduino will transmit
PWM signals to the L298N in order to speed up and control the motors.

4. Servo Motors are typically utilized for controlling movements properly, either to release a nozzle for the irrigation setup or for
some other electric arm or robotic sort of system. The servo motor receives a signal from the Arduino through PWM.

5. Relay Module : The system also features a single-channel relay module to control some high-power electrical components, such
as a water pump or solenoid valve for irrigation. The relay will be actuated with a digital output signal received from the Arduino
setup.

6. Display Module An LCD display is given to obtain real-time input on the system status, including if motors are running, if there
is Bluetooth communication to the sensors, or if the sensors are returning information. This LCD panel can be a useful extra
component for information while waiting for the system to respond.

IV.SYSTEM WORKING MECHANISM:

The agricultural automation system encompasses multiple hardware components to consist of a fully autonomous, smart, remotely
controlled environment. Each module of the agricultural automation system is essential for completing a farming task efficiently
and automatically. Together, the Bluetooth module, Arduino micro controller, L298N motor driver, servo motor, relay module, and
LCD display send commands, control movements, and relay information about the system.

The following is an explanation of how each component operates within the system

1.Bluetooth Communication and Command Processing The first component to be discussed is the HC-05 Bluetooth module. The
HC-05 Bluetooth module serves as the main communication channel between the agricultural system and a mobile application or
remote control interface. This allows the user to issue control commands remotely to the Arduino. The Bluetooth module operates
in serial communication, sending data packets that will provide instructions for farming tasks, such as moving the robot, turning on
water pumps, or mechanical movement. The Arduino is actively and continuously listening for Bluetooth signals and interprets
instructions to carry out actions.

2. Motor Control via the L298N Driver Module: The L298N motor driver module will allow for the modification of the farming
robots movement. It incorporates the mechanism controlling the speed and directions of the DC motors, which facilitates movement
on the field. The Arduino board will be receiving PWM (Pulse Width Modulation) signals to transmit to the motor driver and will
accommodate some control of the voltage put into the motors. When given an input from the user it could move the farming robot
forward, backward left or right. The motor driver will allow the farming robot to effectively to have smooth navigation and
efficiency of movement within the farming system while automating tasks with little human interaction.

3. Servo Motors for Mechanical Adjustments Servo motors are utilized in the system to facilitate precise mechanical adjustments.
In agricultural applications, a servo motor could control irrigation nozzles, or for instance, could be used to control a robotic arm
or automatic gate relating to the flow of water and crop maintenance activities. The Arduino system sends control signals to the
servo, which allows the motor to rotate a specific angle for a specified operation. Servo motors are known for their precision and
response time, which would be beneficial for processes requiring precision with motion control.

4. Relay Module for High Power Components The relay module functions as a switch that may control high-powered electrical
components, such as water pumps, solenoid valves, or lighting systems. The Arduino can't power these components directly because
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it is low voltage. Instead, the Arduino transmits a digital signal to the relay module, which will allow the electrical power to be
completed or interrupt the high-power component, turning it OFF or ON. This technique eventually delivers a controlled water
management strategy, ensures the right period the electrical components are ON, and minimizes wasted electricity.

5. LCD Display for Systems Feedback The LCD display module delivers feedback on the processes that are occurring within the
system in real-time. The information that can be displayed includes:

Current system state (e.g., the movement of the robot, motor running, pump state) , Bluetooth commands received , Sensor readings
and environmental data.

The LCD display provides the user with this important information to stay informed with the activity of the farming system. In
addition to providing the farmer with usability and diagnostics for the farming system.

Summary of Capabilities -

The Bluetooth module enables the system to connect to a mobile device to send commands at a distance. - The Arduino receives
commands from the Bluetooth module, and will either make decisions about what to do based on the command, or wait for additional
user input. - The L298N motor driver module is used to control the motion of the robot, enabling it to move forwards or backward
and speed up or slow down, depending upon the intended commands. - A servo motor is used to control mechanical matters such
as an irrigation nozzle or robotic arm, keeping it in a specified position.

The relay module turns high-powered components, such as water pumps, ON and OFF. - Finally, the LCD screen is an output
device that provides feedback real-time to the user, providing field operation or system status feedback.The entire system is
integrated together
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Figure 3 : Flowchart of working model

The start process: The system will start when powered on and the Arduino is ready to receive a command from the Bluetooth
module.

Receive Command via Bluetooth : The Bluetooth module will receive input from a mobile app or remote control and send it to the
arduino.

Process Command in Arduino : The Arduino will process the data it receives from the Bluetooth module until it can make an action.
Check Command Type: The system will then determine if the command is for movement or some other action. If the command is
to receive movement, the system will connect to the L298N motor Driver to allow the robot to move. If the command is to engage
with something else (e.g., turning on a water pump or adjusting the mechanical), the relay module or servo motor will assist in the
command.

Send feedback to user ; The system will send quality feedback data to a mobile app or remote interface indicating that the command
was a Success.
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End : The system will continue to work until another command is given maintaining functionality in an automated farming
environment.

This flowchart depicts the working procedure of the Automated Farming System utilizing an Arduino-based control system. The
system incorporates numerous components such as a Bluetooth module, L298N motor driver, servo motor, relay module, and LCD
display to conduct farming-related operations effectively.This systematic procedure provides effective automation of agricultural
chores, decreasing manual work while boosting accuracy and control.

VI. ANALYSIS OF ROBOTICS USAGE IN AGRICULTURE

PIE CHART DESCRIPTION
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Manufac...
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Medical

Figure 4: Pie Chart about the usage of robotics in industries

The pie chart presented demonstrates the different industries engaged with robotics. The adoption of robotics in agriculture is very
low, at 7% of the applications. The largest adoption of robotics use is in transportation (60% of instances), followed by medical
(15%), manufacturing (10%), and education (8%). The limited application in agriculture shows a significant gap in technology
adoption in this sector.

A. Barriers to Adoption of Robotics in Agriculture Some of the barriers that have contributed to underutilization of robotics in
agriculture include: The high cost of the initial investment in robotic farming. Low levels of awareness and training regarding
automation technologies. Farming environments are often very complex and disorganized, posing challenges for automation to
successfully establish operations. Farmers have a tendency to use traditional farming methods, illustrating resistance to changing to
new methods exceeding appropriateness to farming.

B. Impact of the Project on Agricultural Robotics Use The purpose of an automation farming delivery web project is to raise the
robotics in agriculture use. Introducing inexpensive robotized farming will allow small-scale farmers to take advantage of
robotization in agriculture. Better resource management for a higher crop yield. Reduction of manual labor and higher efficiencies
to help farm in labor shortages. Will introduce artificial intelligence (Al) and Internet of Things (IoT) devices into context, allowing
real-time performance monitoring.
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VII. RESULT
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Figure 5: Bar Chat about the difference in manual vs automation based farming

The newly developed agricultural robot was tested under a range of conditions to test the capacity of the robot for soil aeration,
irrigation, and seeding. The performance of the robot was evaluated on the system efficiencies, performance accuracy, energy
consumption, and automation levels. The robot was largely tested on multiple soil conditions such as clay, sandy and loamy soil,
to gauge the level of flexibility and robustness of the robot within different growing agricultural conditions.

1. Soil Aeration Performance  The robot was capable of puncturing the soil at regular intervals promoting further air flow and
root growth.

The spacing between the aeration was on average 5 cm apart to ensure consistent penetration into the soil. The motorized mechanism
was designed for high durability and the robot smoothly operated for multiple cycles without overheating.  The robot reduced the
labor effort by about 70% compared to the manual soil aeration with similar performance degrees.  The depth of the aeration was
adjustable to provide farmers with optimum penetration based on specific crop requirements.

2. Irrigation System Evaluation ~ The soil moisture sensor was capable of efficiently and accurately detecting the soil moisture
levels and activated the activation system.The automated irrigation system overall reduced water usage by about 40% compared to
traditional manual watering within the process.

The water was distributed are the soil surface fairly evenly allowing the plant roots to receive the optimum amount of water. The
robot actively responded to conditions in the atmosphere to avoid over-irrigation if the weather conditions were rainy.

3. Seeding Precision The robot could sow seeds at set intervals of 10 cm, enabling appropriate growth spacing. The seed dispensing
system functioned with 95% accuracy and negligible seed misapplication. In tests conducted with seeding by hand, there was a 30%
benefit noted for the robot implementation in terms of evenness or consistency of planting and less seed wastage . The automated
system bypass human errors, ensuring that the crop yield was as uniform as possible. The dispensing system was designed not to
clog, ensuring continuous operation without stopping.

4. Autonomous Control . A Bluetooth-based remote system established a stable connection with the mobile application and
executed commands to the robot without pause. The robot demonstrated an observation of command execution in real-time
occurring within 1 second of the user’s command. The robot was able to operate in autonomous mode and performed pre-
programmed functions without direct control or intervention from the user. Feedback provided by means of an LCD display enabled
data received from sensor-based systems to provide the user with real-time-based information on what the system was doing and
the condition of the sensors. The movement of the robot was observed to be smooth, and there was little to no excessive vibration,
which ensured stability on uneven surface.

5. Battery Usage and Efficiency The battery that is being used was a 12V battery that was in continuous operation for more than 3
hours. The motors and electronic components were used at the best energy consumption possible. The L298N motor driver provided
stable power

consumption to the motors and ensured that energy was not lost.

Figure 6: Lateral view of prototype
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Figure 7: Posterior view of prototype

VIII.CONCLUSION

Combining robotics with technology, the autonomous agricultural robot is a true game changer in response to labor and time
shortages. Feather drilling create optimal conditions with adequate aeration, permitting optimal conditions for plant growth.
The automated seeder allows for planting without human labor, relying on the transition to growth and increased agricultural
outcome .  Advances will allow for a significant reduction in human labor, efficiency and expedited time and effort, and
conservation of resources. The robot adapts to different crops and layouts on the farm, allowing for even greater adaptability.
When its predictability and consistency is combined with autonomous function, it becomes a significant advantage on farms during
active and development seasons. Overall, this innovative solution provides a holistic approach to improving agricultural practice
while providing a shift toward a more sustainable and productive approach to farming.
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