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ABSTRACT: This paper proposes an automated solar lawn mower that functions using renewable solar energy for
efficient grass cutting. The lawn mower system comprises a solar panel, battery, microcontroller, DC motors, cutting
blade, and obstacle detection sensors. Solar energy is converted into electrical power and stored in a battery to power
the lawn mower. The microcontroller controls the motion and allows the lawn mower to navigate safely by detecting
obstacles. The proposed system will reduce human effort, environmental pollution, and offer a cost-effective solution
for lawn maintenance.
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L. INTRODUCTION

The common but time-consuming task of maintaining lawns in public, institutional, and residential settings frequently
involves the use of fuel-powered machinery and a significant amount of human labor. Because of their reliance on
fossil fuels, traditional lawn mowers contribute to environmental damage, high operating costs, and noise pollution. An
effective and environmentally responsible lawn care option is becoming more and more necessary as awareness of
sustainable development and the use of renewable energy sources grows.

This research suggests an Automated Solar Lawn Mower, a solar-powered, intelligent, and sustainable grass-cutting
machine, as a solution to these problems. The method eliminates fuel usage and reduces reliance on grid electricity by
using photovoltaic panels to charge an onboard battery.

The suggested system combines sensors and a microcontroller-based control unit to enable effective grass cutting and
autonomous navigation without constant human monitoring. Through the identification and avoidance of items in the
mowing path, obstacle detection algorithms guarantee safe operation.

The development of an autonomous lawn mower that reduces manual labor and encourages the use of renewable energy
for daily tasks is the primary contribution of this study. It is also economical, energy-efficient, and ecologically
beneficial.

A. Background

Conventional lawn-mowing techniques mostly use hand-held or engine-powered equipment, which necessitate ongoing
human intervention and periodic maintenance. Lawn mowers that run on gasoline produce a lot of noise and release
greenhouse gases, which makes them inappropriate for environmentally friendly and sustainable settings. Although
electric lawn mowers cut emissions, they still need to be charged frequently and are dependent on the grid for
electricity.

Autonomous robotic lawn mowers have been developed as a result of recent developments in automation and
embedded systems. To carry out mowing activities, these systems usually use boundary wires, pre-programmed routes,
or sensor-based navigation. However, the majority of robotic mowers that are sold commercially are pricey,
complicated, and difficult to modify for low cost or small scale uses.
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Since renewable energy technologies are developing so quickly, solar energy has become a competitive option for
powering autonomous outdoor equipment. Since solar powered equipment runs in wide spaces with plenty of sunlight,
it is especially well-suited for lawn-mowing applications.

Additionally, real-time obstacle identification and navigation are made possible by the combination of microcontroller
based control systems with ultrasonic sensors, enhancing operating efficiency and safety. Despite these developments, a
low cost, energy efficient, and readily deployed automated lawnmower that integrates solar power with intelligent
navigation and obstacle avoidance is still required.

B. Objective of the project

The main goal of the proposed Automated Solar Lawn Mower is to create an autonomous, energy-efficient grass-
cutting device that runs on sustainable solar energy. The system's goal is to minimize human involvement in lawn
maintenance while ensuring environmental sustainability, efficiency, and safety.

i) To design a solar-powered lawn mower that can run on its own without the need for grid electricity or traditional
fuel.

ii) To allow the mower to navigate the lawn on its own utilizing sensors and control algorithms, guaranteeing thorough
and methodical grass cutting.

iii) To use ultrasonic sensors to construct obstacle detection and avoidance systems, guaranteeing safe operation around
people, animals, and objects.

iv) To combine solar charging with intelligent power management strategies in order to maximize energy consumption
and enhance battery efficiency.

v) To provide a small, affordable, and environmentally responsible solution that may be used in public parks, colleges,
and home gardens

II. LITERATURE REVIEW

Making a fully automated lawnmower that anyone with limited mobility may use is the aim of this project. Using an
RC transmitter, the user may adjust the grass cutting height, run the mower motor at a desired speed, and operate the
lawnmower remotely in any direction. As an alternative, the lawnmower can be set up to cover a specific area on its
own. When the lawnmower is functioning independently, the user can program it to follow a grid pattern and specify
the area to be mowed. Following completion of the prototype, the lawn mower was tested in the field to determine the
battery life, overall functionality, and accuracy of the autonomous mission plan [1].

The limitations of the typical intelligent mower, which need complex control and cannot cover a big lawn, are intended
to be addressed by an autonomous, visual mower system that uses machine vision. It's a wireless lawnmower. First,
obtain image data about the location using a real-time camera that is affixed to a high bracket. A PC monitor then
displays this data. Next, sketch a few mower mowing ranges or patterns in the host computer software using a mouse.
Finally, notify the required lawnmower to finish the mowing task. The results of the study show that the recommended
lawnmower system is highly automated, capable of covering the designated lawn area completely and avoiding
obstructions by itself [2].

The two energy sources are gasoline and electricity. Many designs, each with a distinct purpose, have been produced in
response to market demand. The market for lawn mower equipment is large grassy expanses. A system for intelligent,
self-sufficient mowing has been developed. Many autonomous lawn mowers are now available that are even more
useful and safe. It serves as an alternative to the

time-consuming intelligent mowing method of establishing a perimeter around a lawn. That fully replaces the manual
mower and can handle anything you want to do while the machine cuts the grass [3].

These days, automated guided vehicles (AGV) and autonomous vehicles (AV) are among the most advanced issues due
to the status of sensors, actuators, and real-time controllers. An automated track mower robot that was similar to the
AGYV was constructed for this project. A National Instruments real-time controller was used to remotely control the
mobile robot from a computer. The mower can climb a steep slope because of its track layout, which sets it apart from
earlier models. A vision system and two DC-geared motors gave the robot positional feedback. In order to record its
environment, make decisions, and change its direction, the robot was outfitted with a webcam. Experiments have shown
that robots can do specialized jobs like cutting tall grass [4].
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The control system of a robot is essential to its capacity to help people with routine chores. Lawns have been mowed
using robotic technology in an attempt to minimize potential risks while also accounting for time, cost, and energy
efficiency. However, in some circumstances, human oversight has not completely taken the place of robotic help in the
workplace. Therefore, even though this lawnmower robot has been the focus of a lot of research, there are still areas
that need to be explored in order to improve its functionality and effectiveness [5].

Many hours of physical labor can be saved by automating a lawnmower. Using advanced technology, especially the
automatic recognition of grass boundaries, the lawnmower can do routine lawn maintenance. However, most boundary
detection systems require the installation of a border wire around the lawn to indicate the area that needs to be mowed,
which is a laborious and time-consuming procedure. In this study, a thorough analysis of the characteristics of grass and
non-grass terrain is used to construct a new technology that can automatically recognize the grass boundary [6].

III. PROPOSED SYSTEM

The suggested system is an automated solar lawn mower that uses sustainable solar energy to cut grass on its own with
the least amount of human intervention. The system combines sensor-based navigation, embedded control, energy
storage, and solar power generation to provide effective and environmentally responsible lawn care. The system's
general functioning relies on a microcontroller-based  control =~ mechanism  and solar-powered energy
management. Sunlight is transformed into electrical energy via a photovoltaic solar panel, and this energy is controlled
and stored in a rechargeable battery. The control unit, drive motors, cutting mechanism, and other system components
are all powered primarily by this stored energy.

The central controller of the system is a microcontroller unit, which processes sensor inputs and produces control
signals for cutting and movement activities. The DC motors used for mobility and the motor that rotates the cutting
blade are controlled by a motor driver circuit that is interfaced with the microcontroller.

An ultrasonic sensor is built into the mower to identify obstacles. The distance between the mower and surrounding
objects is continuously measured by this sensor. The microcontroller automatically halts forward travel, modifies the
mower's course, and restarts when an object is detected within a predetermined threshold distance. During operation,
this guarantees safe navigation and collision avoidance.

Fig 1. Prototype model

A. WORKING PRINCIPLE

The system's operation can be summed up as follows:

i.  Sunlight is captured by the solar panel and transformed into electrical energy.

ii. A charging circuit is used to store the produced energy in a rechargeable battery.

iii. The microprocessor, motor driver, sensors, and cutting motor are all powered by the battery.
iv. The mower moves ahead with the help of DC motors that are started by the microprocessor.
v.  Obstacles in the mower's path are continuously observed by the ultrasonic sensor.

vi. The controller halts, reverses course, and starts moving again if it detects an obstruction.

vii. During movement, the cutting blade spins concurrently to trim the grass.

viii. The suggested system, which is appropriate for small to medium sized applications, delivers autonomous, energy
efficient, and environmentally sustainable lawn mowing through this integrated approach.
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Fig 2. Mower with blade attached

IV. SYSTEM ARCHITECTURE

O_)‘ F

Fig 3. Block diagram of the system

1. Power System(Solar Panel-Charge controller-Battery)

The mower's power system serves as its structural core. To ensure safe charging conditions, the charge controller
regulates the electrical energy produced by the solar panel's conversion of sunlight. The Arduino controller, sensors,
motor driver, and motors are all powered by the controlled power that is kept in a rechargeable battery. This makes it
possible to run continuously even when there is little sunlight.

2. Speed Control Unit

The Arduino controller receives a speed input signal from a potentiometer. This enables the mower's speed to be
manually adjusted according to the terrain or density of the grass. This analog input is read by the controller, which then
modifies the motor speed appropriately.

3. Obstacle Detection Unit

The obstacle detecting unit employs an ultrasonic sensor that continuously measures the distance to nearby objects and
sends the data to the Arduino controller. An input signal is produced when an obstacle is found within a predetermined
range, allowing the controller to perform remedial actions like stopping or rerouting its path to avoid collision..

4. Arduino Controller(Central Control Unit)

The Arduino microcontroller serves as the system's brain. It receives:

i. Potentiometer-provided speed input

ii. Input from the ultrasonic sensor about obstacles

iii. Battery power

Based on these inputs, the controller produces:

i. Signals that regulate motor movement

ii. Direction change signals for steering control

iii. Obstacle avoidance, navigation, and mowing are controlled by the controller's embedded program.

5. Motor Driver Unit

The motors and the Arduino controller are connected via the motor driver. To operate the wheel motors and blade
motors, the motor driver amplifies the control signals and supplies sufficient power because the controller is unable to
give enough current directly.
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6. DC Motor

The system uses 4 DC wheel motors for wheel movement. The motors are responsible for:

1. Forward Motion

2. Reverse Motion

3. Turning Left/Right

The motion of these motors is controlled through the motor driver signals from the Arduino controller.

7. Cutting Blade motor

The cutting blade is rotated at a high speed by a specialized cutting blade motor. While the mower travels across the
lawn, this motor really cuts the grass. During mowing, it runs continually and is powered by the motor driver.

S.NO |[COMPONENT SPECIFICATION
L. Solar Panel 18W

2. Battery 12V

3. Microcontroller | Arduino UNO

4. Motor Driver L298N

5. [Ultrasonic Sensor [HC-SR04

6. DC Motors 24V

7. Blade Motor High Speed DC Motor
8. Servo motor 6V

9. Potentiometer 10k ohm

Table I. Hardware Components
V. CONCLUSION

The design and development of an automated solar lawn mower, an environmentally responsible and energy-efficient
method of self-sufficient lawn care was discussed in this study. The suggested system effectively combines sensor
driven navigation, microcontroller-based control, solar energy harvesting, and battery storage to provide safe and
dependable lawn cutting with little assistance from humans.

The implementation shows that the mower can move on its own, recognize obstacles in real time, and cut grass
efficiently while lowering reliance on traditional fuel-powered machinery. The technology is a sustainable
substitute for conventional lawn mowers since it uses solar energy to reduce operating costs and remove hazardous
pollutants.
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