© April 2026| IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

Solar-Powered Grass Cutter with GPS Navigation and
Blade Adjustment

Prof. Ranjana D. Jawanjal', Om R. Deokar?, Swaraj M. Thakare?, Utkarsh A. Halwe*, Devanshu V.
Bhutkar®
12343 Department of Electronics & Telecommunicaation Engineering, PRMIT&R, Badnera, India

Abstract—In the current era of technological
development and awareness about the environment,
there is a growing interest in sustainable and
autonomous systems that can optimize energy
consumption with minimal human interaction. The
Solar-Powered Grass Cutter with GPS Navigation and
Blade Adjustment combines sustainable solar power and
autonomous systems into one efficient and intelligent
system for lawn cutting. The system consists of a
microcontroller-based control unit that manages several
modules, including solar power charging, GPS
navigation, ultrasonic obstacle detection, and blade
adjustment. A solar panel harnesses the power of the sun
to produce electrical energy that is stored in a lithium-
ion battery for continuous use. The GPS module is
responsible for systematic path planning, allowing the
grass cutter to follow predetermined paths such as
squares, rectangles, and triangles. Ultrasonic sensors
serve as the safety system, which detects obstacles in real
time and instructs the system to stop or turn away. A
vertical blade adjustment system enables the grass cutter
to adjust its cutting height depending on the density of
the grass and the terrain. The system uses an L293D
motor driver to control the two DC motors that provide
locomotion and a BLDC motor for high-speed cutting.
This paper discusses the system design, approach,
difficulties, limitations, and future prospects of the
proposed design.

Keywords—Solar energy, GPS navigation, autonomous
lawn mower, ultrasonic obstacle detection, blade
adjustment, microcontroller, GSM module, path planning,
embedded systems.

I. INTRODUCTION

However, in recent years, there has been a dramatic
transition towards sustainable and automated
technologies that have the capability to minimize
human effort and maximize efficiency. Among these
technologies, the integration of renewable energy and
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embedded control systems has been identified as a
promising area for the development of intelligent and
self-sustaining systems. The Solar-Powered Grass
Cutter with GPS Navigation and Blade Adjustment is a
major breakthrough in this area, as it meets the rising
global need for sustainable, efficient, and easy-to-
maintain lawn management systems.

Traditional lawn mowing systems, whether gasoline-
powered or electric, continue to pose a number of
serious problems. Gasoline-powered lawn mowers are
noisy and polluting, while electric lawn mowers are
limited by battery life and the need for human
observation. Even semi-automatic lawn mowers are
not fully autonomous, as they usually rely on random
navigation paths that lead to inefficient coverage and
constant human intervention. In contrast, the proposed
system is fully autonomous and powered by renewable
solar energy, with GPS navigation and intelligent
embedded control for precise mowing.

The system combines various technologies in one
platform. A solar panel fixed on the machine
continuously converts sunlight into electric power,
which is then stored in a rechargeable lithium-ion
battery. The electric power from the battery powers the
microcontroller, GPS module, motor driver, and the
DC and BLDC motors that enable movement and
cutting actions. The microcontroller acts as the control
center, processing information from ultrasonic sensors,
GPS, and accelerometers to ensure that the machine
moves without obstacles and trims the lawn area
systematically.

The addition of the vertical blade adjustment system
enables the machine to trim all surfaces regardless of
their grass height and type. The GPS module enables
systematic path planning, ensuring that the machine
stays within the predetermined boundaries and does not
cover the same area repeatedly. Ultrasonic sensors
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improve safety by detecting objects close to the
machine and directing the controller to stop or change
direction accordingly. A 7x2-inch wheel setup ensures
smooth movement on irregular surfaces, while the base
structure is made of wooden ply for durability and easy
modification for prototyping or upgrading.

From an engineering design point of view, this project
is an example of the synergy of mechanical design,
power electronics, and programming. It is an example
of how renewable energy sources can be harnessed to
make a difference in automation and decrease carbon
emissions as well as the human workload. The project
design also focuses on modularity, which can be scaled
up and improved in the future with the integration of
IoT, machine learning for path optimization, and
mobile applications for control.

II. LITERATURE SURVEY

R. Hasan, N. T. T. Trang, and J. H. Kim (2020) [1] have
proposed a Smart Energy Management System
(SEMS) to improve the efficiency and reliability of
solar-powered mobile cutters. The system, which
integrates a lithium-ion battery for stable power and a
supercapacitor for short-duration high-power output,
addresses issues such as the intermittent nature of solar
power. The real-time controller of the system optimizes
the use of solar power based on the availability of solar
power and the load on the system, thus improving the
use of solar power, stability, and battery life. The
method is highly applicable to solar-powered lawn
cutters, which require consistent performance even in
varying light conditions.

Abhishek Pawar, Anushka Bhalerao, Ruturaj Tagunde,
and Nikita Undirwade (2022) [2] have proposed a
solar-powered lawn cutter as an environment-friendly
solution to fuel-powered lawn cutters. The proposed
system consists of a DC motor, solar panel,
rechargeable battery, and steel blade, which are
controlled by a switch. The system has basic
automation for obstacle detection and navigation to
minimize manual labor. The system particularly
addresses issues such as pollution, noise, high
maintenance, and safety concerns associated with fuel-
powered and electric lawn cutters that are tethered to
power sources.

Prof. Kiran Napte, Pooja Yevale, Pranali Raje, and
Divya Temgire (2022) [3] designed a solar-powered
grass-cutting robot that can be controlled through an
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Android app using Bluetooth communication. The
Raspberry Pi is used as the main controller that
connects to DC motors, an ultrasonic sensor, and a
Bluetooth module. The solar panel is used to charge the
battery, thus removing the need for charging. The robot
has features such as remote control, automatic obstacle
detection, and data logging on the IoT platform
ThingSpeak for monitoring sensor data. The proposed
system provides a cost-effective, eco-friendly, and
user-friendly solution to fuel-powered lawn cutters.

K. Vishwak Sena Reddy et al. (2024) [4] designed an
IoT solar-powered grass-cutting robot that can be
operated in both Manual and Automatic modes using
the Blynk mobile app. In Automatic mode, ultrasonic
sensors are used for obstacle detection and correction
of the path to ensure safe and efficient cutting. The
design provides the ability to change operational modes
and adjust cutting parameters remotely, which
improves both convenience and safety. The use of GPS
and GSM modules provides real-time tracking and
remote monitoring through SMS, making it a smart,
convenient, and eco-friendly solution for lawn care.

III. PROBLEM STATEMENT AND OBJECTIVES

A. PROBLEM STATEMENT

The current state of lawn mowing solutions is far from
adequate in terms of satisfying the requirements of
autonomy, efficiency, and sustainability in the modern
era. Gas-powered lawn mowers are noisy, dirty, and
require constant maintenance, while electric mowers
are cord-bound or battery-powered with batteries that
have to be constantly recharged. Even modern robotic
lawn mowers tend to wander around randomly without
a systematic path strategy, leave spots uncut, and stop
in the middle of a cutting operation due to power or
sensor failures. Moreover, all current solutions are
based on non-renewable energy sources and do not
have real-time monitoring capabilities for the user.
There is a significant gap in the current state of the art,
as there is no existing mower that provides full
autonomy, efficient solar power, reliable obstacle
detection, adaptive blade control, and complete yard
coverage in a single, user-friendly package. This
project aims to fill this gap by designing a mower that
maps, plans, powers itself sustainably, and protects the
environment, all while keeping the user's hands free.
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B. Aim of the Project

The purpose of this project is to design a smart solar-
powered lawn cutter with GPS navigation, ultrasonic
obstacle detection, and automatic blade adjustment.
The proposed system provides precise coverage,
hassle-free operation, and improved safety, making
lawn mowing easy and convenient.

C. Objectives of the Project

e To harness solar energy for continuous and eco-
friendly operation without reliance on external
power sources

e To develop intelligent path planning with square,
rectangular, and triangular cutting patterns for
efficient area coverage

e To provide vertical blade adjustment for adaptive
cutting according to grass height and terrain

e To incorporate GPS and GSM modules for real-
time location tracking and remote monitoring
through SMS notifications

e To develop an adaptive blade control system for
efficient operation on multiple terrains

e To evaluate performance in terms of energy
consumption, accuracy of coverage, and speed of
operation

IV. PROPOSED METHODOLOGY

The proposed system is developed by a structured
hardware and software development process that starts
with the requirement definition for autonomous grass
cutting by solar energy. The hardware components
used in the proposed system include a solar panel, 12V
lithium-ion battery, microcontroller (Arduino or
ESP32), GPS module, ultrasonic  sensors,
accelerometer, BLDC motor, DC motors, and an
L293D motor driver. The microcontroller is the central
component of the proposed system that processes GPS
information for navigation and ultrasonic information
for obstacle avoidance.

A. System Architecture Design

The system architecture combines various hardware
and software elements to support autonomous grass
cutting. The architecture is designed to facilitate
efficient navigation, real-time obstacle detection, and
consistent grass cutting performance while ensuring
safety and energy independence. The five key
subsystems are discussed below.
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i.Power Supply Unit:
The solar panel (12V) acts as the main source of
energy, fixed on the machine to tap solar radiation and
convert it into electrical energy using photovoltaic
cells. The electrical energy charges the lithium-ion
battery during daylight hours and powers the system
during operation. The 12V battery stores energy from
the solar panel and supplies stable power to the
microcontroller, motors, sensors, and blade during low
light conditions or continuous operation.

ii.Central Control Unit:
The microcontroller (Arduino/ESP32) is the brain of
the system that receives data from the GPS, ultrasonic
sensors, and the accelerometer, and sends control
signals to the motor driver and the BLDC cutting
motor. The microcontroller works according to the
embedded code written in the Arduino IDE using
Embedded C, which decodes path commands, terrain,
obstacles, and synchronized cutting.

iii.Navigation and Path Planning:
The GPS module determines the cutter's exact real-
time location via latitude and longitude coordinates,
which the microcontroller uses to define and follow a
predefined mowing path. The Path Defining Module
allows the operator to input the lawn area to be covered.
The path-defining logic supports geometric mowing
patterns — squares, rectangles, and triangular paths —
ensuring full area coverage without overlap or missed
sections.

iv.Obstacle Detection and Safety Mechanism:
Two ultrasonic sensors fixed at the front of the cutter
scan the path continuously by sending ultrasonic waves
and calculating the time of return of the echoes to
determine the distance of the object. As soon as an
object is detected within a critical range, the
microcontroller halts or changes the direction of the
cutter to prevent damage to garden decorations, pets,
and humans. The accelerometer detects the orientation
and tilt of the cutter in real time.

v.Motion and Cutting Control:
The two DC locomotion motors placed on either side
of the frame facilitate differential drive for smooth
motion when moving forward, backward, or turning.
The L293D motor driver connects the microcontroller
to the DC motors, allowing for accurate multi-
directional control. The BLDC motor propels the
revolving cutting blade at a high torque and speed,
turning on when motion is detected and turning off
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when motion stops or an obstacle is detected. Blade
height control is done by a servo or linear actuator.

B. Block Diagram Description

The block diagram illustrates the system architecture.
The 12V power system (comprising the solar panel
and battery) powers the system. The microcontroller
takes inputs from the GPS module, two ultrasonic
sensors, the accelerometer sensor, and the path-
defining module. The microcontrolle, in turn, controls
the motor driver (which controls Motor 1 and Motor 2
for the locomotion system) and the BLDC motor
(which powers the cutter blade). The system
architecture is designed for real-time autonomous
operation.

Path
Defining

Micrecontroller

Accelorometer

Motor1

Cutter vehicle

Fig. 1. Solar-Powered Grass Cutter with GPS
Navigation and Blade Adjustment Block Diagram.

C. Implementation Flow

The process involves the following five consecutive

steps:

1. The solar panel charges the battery and powers all
components of the system during the day.

2. The GPS module determines the current position,
and the pre-programmed mowing path is loaded
into the microcontroller.

3. The DC motor drives the cutter blade, and the
cutting height varies dynamically according to
terrain information from the accelerometer.

4. Ultrasonic sensors continuously scan the path,
and the cutter blade stops instantly when an
obstacle is detected.

5. The GSM module sends location updates and
system status messages to the user through SMS.
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D. Software Flow

The control algorithm is written in Arduino IDE using
Embedded C. The system is always processing GPS
coordinates, updating its position, and checking it
against the set waypoints, as well as running obstacle
avoidance algorithms whenever the sensor detects an
object nearby. The system is tested for accuracy in
covering the terrain, reaction time to obstacles,
balance, and power consumption.

V. HARDWARE COMPONENTS

Hardware Components:
e Solar Panel (12V) - main source of energy.

e Lithium-ion Battery - energy storage for
uninterrupted usage.
e  Microcontroller  (Arduino/ESP32) - main

processing and controlling unit.

e [.293D Motor Driver - locomotion motor control
interface.

e BLDC Motor with Cutting Blade - high torque
grass cutting.

e Ultrasonic Sensors (Dual) - real-time obstacle
detection.

e GPS Module - real-time location and path
planning.

e  GSM Module - SMS-based remote monitoring.

e Accelerometer - tilt and stability feedback.

e DC Motors (Dual) - wheel-based locomotion

e Wooden Ply Structural Base - durable and
customizable structure.

e 7x2-inch Wheel Setup - stable multi-terrain
locomotion.

Software Tools:

e  Arduino IDE: It is the programming and testing
environment.

e Embedded C: It is used for programming the core
logic and control.

e GPS and Sensor Libraries: These are used for
navigation and sensing.

e  Serial Monitor: It is used for debugging and real-
time data visualization.

VI. CHALLENGES

The emergence of an autonomous solar-powered grass
cutter raises various technical issues. The accuracy of
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GPS signals in heavily shaded or blocked areas can
affect the navigation system's accuracy, with the GPS
accuracy tolerance level set to no more than +2-3
meters, which can lead to minute deviations in the
intended route. The solar energy-dependent system
will be fully dependent on battery power in the event
of cloudy or overcast weather, requiring minute
attention to battery sizing and management.

The combination of multiple sensors such as
ultrasonic, GPS, and accelerometers demands precise
synchronization and management to prevent control
conflicts. The ultrasonic sensor can be prone to minute
errors with transparent, soft, or low-profile objects,
and may not be able to detect very thin obstructions.
The blade adjustment system needs to be mechanically
designed to withstand varying grass densities and
terrain slopes without stalling the BLDC motor.
Delays in communication in the GSM module can
result in minute delays in SMS notifications, slightly
impairing the efficiency of real-time monitoring.

proposed by Pawar et al. [2] and Napte et al. [3], are
Bluetooth-based or switch-controlled, which is highly
restrictive in terms of range and autonomous
functionality. The lack of GPS functionality makes it
impossible to perform systematic coverage patterns,
often resulting in gaps or overlapping coverage of the
same area.

The energy management system of most existing
designs was passive, using solar panels alone without
the benefit of sophisticated charge management and
supercapacitor technology. As Hasan et al. [1] showed,
the lack of a smart energy management system results
in unstable power supply and shortened battery life.
IoT-based designs, such as those proposed by Reddy et
al. [4], require constant internet connectivity for cloud-
based remote control, which is not always possible in
rural or agricultural areas where this technology is most
required. The proposed design also has the limitation
that the GPS accuracy of £2-3 meters may cause slight
deviations in path planning for smaller lawns where
accuracy is paramount.

TABLE II. LIMITATIONS OF PREVIOUS
RESEARCH AND PROPOSED SYSTEM.

TABLE 1. SOLAR-POWERED GRASS CUTTER
WITH GPS NAVIGATION AND BLADE ADJUSTMENT
BLOCK DIAGRAM.

Challenge Description

GPS Signal Accuracy tolerance of +2-3 meters;

Accuracy affected by dense environments,
walls, or overcast skies.

Solar Performance drops in low sunlight;

Dependency relies on battery backup under cloudy
conditions.

Obstacle Ultrasonic sensors may fail against

Detection Limits

transparent, soft, or very thin objects.

Terrain

Steep slopes or highly uneven

Variability surfaces affect stability and blade
cutting performance.

Sensor Coordinating GPS, ultrasonic, and

Synchronization | accelerometer data in real-time
requires careful programming.

Blade Varying grass density and terrain can

Mechanical cause mechanical strain on blade

Stress adjustment mechanism.

GSM Latency Communication delay may reduce

effectiveness of real-time SMS
monitoring alerts.

VII. LIMITATIONS

Limitation

Description

Limited Earlier designs require manual or

Autonomy in Bluetooth control; no full autonomous

Prior Work capability.

No GPS Absence of GPS results in random

Navigation in movement and incomplete or uneven

Prior Work lawn coverage.

Weather Solar power generation is directly tied

Dependence to sunlight availability and weather
conditions.

Internet IoT-based systems require stable

Dependency connectivity, limiting use in remote or

rural areas.

Fixed Blade
Height

Most previous designs use fixed blade
heights, unsuitable for diverse or
uneven terrain.

GPS Precision
Constraint

System GPS accuracy of +2-3 meters
may cause path deviations on smaller
lawn areas.

VIII. FUTURE SCOPE

Analysis of the current literature and the proposed
design shows that there are some limitations that have
not been fully explored yet. Most of the existing
designs for solar-powered lawn mowers, such as those
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The proposed Solar-Powered Grass Cutter with GPS
Navigation and Blade Adjustment offers a solid
foundation for a number of significant future upgrades.
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The addition of a mobile app interface will enable the
user to track the cutter's location, battery status, and
operation in real-time from a smartphone app, offering
a number of significant advantages in terms of
convenience.

The addition of Artificial Intelligence and Machine
Learning algorithms for intelligent path planning may
enable the system to adapt to the lawn layout over time
and plan routes for optimal efficiency. The addition of
a camera sensor or LiDAR sensor will enable the
system to accurately detect a wide range of obstacles,
including transparent surfaces, small animals, and
dynamic obstacles.

IoT connectivity will enable the system to be controlled
and monitored remotely through smart home
integration. Self-cleaning blade systems and a wireless
charging station will enable the system to
autonomously return to a charging station when the
battery is low. The system can also be used for
agricultural purposes such as field weed removal and
precision farming border maintenance.

TABLE III. FUTURE ENHANCEMENTS
AND THEIR DESCRIPTIONS.

Future Description

Enhancement

Mobile App Remote monitoring of position,

Integration battery, and status; dynamic pattern
modification

AI/ML Path Adaptive learning of lawn layout for

Optimization optimized, non-redundant mowing
routes

Camera / Improved obstacle detection for

LiDAR transparent objects, animals, and

Addition dynamic hazards

IoT Remote data analysis, predictive

Connectivity maintenance, and smart home
integration

Self-Cleaning Automated blade maintenance to
Blades reduce manual cleaning requirements
Wireless Autonomous docking and recharging
Charging when battery levels are critically low
Station

Agricultural Extended wuse for farm field
Expansion maintenance, weed clearing, and

precision agriculture
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IX. APPLICATIONS

TABLE IV. APPLICATIONS AND USE
CASES OF THE PROPOSED SYSTEM.

Application Use Case

Residential Automated mowing of home gardens

Lawns and private lawns with minimal
supervision

Parks and Efficient maintenance of large urban

Public Gardens | green spaces

Agricultural Clearing weeds and grass along crop

Farms border areas to improve farm hygiene

Golf Courses Precision cutting of large, well-

and Stadiums defined grass areas for sports facility
maintenance

School and Sustainable, low-noise lawn

College maintenance in educational

Campuses institutions

X. CONCLUSION

This paper has discussed the design, architecture, and
proposed methodology of the Solar-Powered Grass
Cutter with GPS Navigation and Blade Adjustment.
This is an autonomous, eco-friendly lawn maintenance
system designed and developed at PRMIT&R,
Badnera.

The proposed system provides a comprehensive
solution to the existing limitations of lawn maintenance
systems, which include low autonomy, lack of GPS
navigation, passive energy management, and fixed
blade configurations. The proposed system provides a
comprehensive solution to these limitations. The
lithium-ion Dbattery backup ensures continuous
operation of the system despite varying solar
conditions, and the GSM module allows remote
monitoring of the system through SMS. The system is
noiseless and pollution-free, which directly helps in
conserving the environment and promoting green
technology.

The system above is a great example of the
convergence of renewable energy, embedded system
design, and automation. The system not only reduces
the need for human labor but also shows how green
autonomous systems can be used to provide solutions
to real-world problems. Future upgrades that will
include the use of Al in path optimization, mobile app
integration, IoT, and sensor fusion will ensure that the
system has even wider uses in residential, agricultural,
and institutional areas, as part of a larger trend towards
cleaner, smarter, and more self-sufficient systems.
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