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ABSTRACT

This research article details the design and
development of an  Android-based
application titled "GPS Land Area
Calculator", aimed at providing precise
measurement of land areas using Global
Positioning System (GPS) technology. The
application captures the user’s geospatial
coordinates in real time as they traverse
the boundary of a given land parcel, and
subsequently computes the enclosed area
based on the recorded path.The primary
objective of this study is to develop an
efficient and accessible digital tool that
facilitates accurate land area estimation for

stakeholders such as agricultural
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practitioners, land surveyors, and real
estate professionals. By eliminating the
need for conventional sur- veying
instruments and manual calculations, the
application significantly reduces the time,
cost, and expertise required for field
measurements. Key features of the
application include support for multiple
units of measurement, persistent data
storage, and user-friendly interaction
design. The development process adhered
to standard software  engineering
methodologies, encompassing requirement
elicitation, system architecture design,

implementation, validation, and
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performance evaluation. The application
was implemented using the Java
programming language within the Android
Studio integrated development
environment (IDE), and extensively tested
across a variety of Android devices to
ensure functional consistency, accuracy,
and compatibility. Experimental results
confirm that the GPS Land Area Calculator
offers a high degree of precision and
reliability in land area computation,
thereby demonstrating its potential utility
in agricultural management, geospatial
surveying, and property assessment
domains. Future work may focus on
extending the system’s capabilities through
the integration of advanced functionalities
such as topographical analysis, satellite
imagery overlays, and cross-platform

operability.

Keywords: GPS, Land area calculator,
Android app, Land surveying,
Measurement units, GPS technology, Java
programming, Accuracy, Reliability, Terrain

analysis.

1. INTRODUCTION

Accurate land area measurement plays a
pivotal role across various sectors,
including agriculture, real estate, civil

engineering, and geospatial surveying [3,

35002 |Page

Vol. 3 Issue 5, May 2026, pp. 35001-35015
ISSN: 3049-3129(Online)

6]. Traditionally, such measurements have
depended on labor-intensive methods or
costly surveying equipment such as total
stations, theodolites, or drone-based
systems. These conventional techniques
often result in increased operational costs,
time delays, and reduced accessibility for
small-scale users [2].

With the proliferation of smartphones and
advancements in  mobile geolocation
technologies, GPS-enabled land
measurement tools have emerged as viable
alternatives. These solutions offer improved
precision, cost- effectiveness, and usability,
making them particularly beneficial for
users in remote or resource-limited
environments [10, 11].

This research introduces the development
of an Android-based application, GPS
Land Area Calculator,

© 20XX Physics and Astronomy Reports

designed to compute land parcel areas
using real-time GPS coordinates. The
application aims to provide a lightweight,
portable, and reliable platform for
professionals such as farmers, surveyors,
and real estate agents who need rapid and
accurate area assessments without the
need for specialized hardware.

The system is built upon established
software engineering practices, integrating
geospatial data processing with an intuitive

graphical interface. The application’s key
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functionalities include:
< Real-time GPS-based tracking of user

movement.

< Polygon-based area computation using
coordinate geometry.

< Unit conversion (e.g., square meters,
acres, hectares).

< Persistent local data storage via SQLite
for future access.

< Map visualization via Google Maps and
OpenStreetMap APIs.

To validate its performance, the
application was extensively tested across
multiple Android devices with varying
hardware configurations. Empirical results
confirm its high accuracy in calculating land
area, robust compatibility with Android
operating systems, and positive user
experience, aligning with earlier findings in

similar research domains [8, 9].

In conclusion, the GPS Land Area
Calculator represents a practical and
scalable approach to digital land
measurement. It not only addresses
common limitations found in previous
systems but also lays a solid groundwork
for future enhancements, such as:

e Integration with satellite imagery and
elevation models.

e Machine learning for automatic
boundary detection.

e Cross-platform deployment (iOS/web-
based).

This work contributes meaningfully to the
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expanding field of mobile geospatial
applications and reinforces the potential of
smartphone-based systems in transforming

conventional land measurement practices.

2. RELATED WORK

Numerous studies have explored the
integration of GPS technology into land
area measurement tools, particularly
within agriculture, real estate, and
surveying domains. These systems often
employ Android- based platforms, GPS
sensors, and mapping APIs to enhance land
measurement accuracy and usability. Bhatt
and Patel [3] designed a basic Android
application that leveraged GPS to compute
land area for farmers. It used location-based
polygon drawing but lacked data storage and
visualization support. Suman et al. [12]
developed a real-time GPS-based app to
measure agricultural fields by dynamically
tracking user movement around a
perimeter. The app focused on
responsiveness but lacked outlier handling
or advanced error correction. Pujara and
Rathod [8] implemented an area mapping
tool that relied on polygonal geometry
algorithms applied to GPS points. Though
suitable for rural regions, the system
lacked real-time processing or unit
conversion features. Kumar et al. [6]
presented a literature review, categorizing

land measurement tools and identifying
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issues like GPS drift, multi-path errors, and
limited device compatibility. The review
cloud

recommended integration and

adaptive filtering techniques.

Akhtaruzzaman and Chowdhury [2]
proposed a cost-efficient GPS hardware
system, comparing its accuracy to manual
methods. Their focus was hardware
reliability, not software flexibility. Srinivas
and Swamy [11] enhanced GPS-based
measurement by integrating GSM for
remote data transmission. However, the
system lacked a visual interface and map
overlays, reducing ease of use. Singh et al.
[10] presented an Android app with unit
conversion, relying on marker placement
for area calculation. While user-friendly, it
lacked local storage and signal noise
mitigation. Chandra and Prasad [4] focused
on usability for non-technical users by
simplifying interface design. However, their
model did not support real-time tracking or

offline access.

Agarwal and Sharma [1] proposed a
hybrid system using GPS and image-based
boundary recognition to improve the
accuracy of irregular-shaped land plots.
The system relied on satellite imagery but
required high internet bandwidth. Patel
and Bansal [7] combined GPS and loT
sensors to measure terrain inclination along

with area, providing a 3D topographical
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view. While technologically innovative, the

system was limited to experimental

environments.Rao  and Menon [9]
integrated cloud storage with real-time
GPS tracking to provide persistent land
record access from multiple devices. The
solution emphasized scalability but
required constant connectivity. Deshmukh
and Rathi [5] used machine learning to
auto-correct GPS noise and optimize area
boundary estimation. Though highly
accurate, the model required training data

and significant processing power.

Table 1: Comparison of GPS-Based Land
Area Measurement Systems

Study/System Real-Time Local/ Unit Con| Map Visu{ Advanced

Tracking Cloud version alization tures

Storage

Fea-

Bhatt and Patel (2016) | Yes No Partial No No

[3

Suman et al. (2017) | Yes No No Yes No

12

Pujara and Rathod [ No No No Mo No

(2015) [g]

Kumar et al. (2018) [6] | Review No No No Recommendations
Akhtaruzzaman  and | Yes No No No Hardware focus
Chowdhury (2017) [2]

Srinivas and Swamy | Yes No No Partial GSM Transmission
(2018) [11]

Singh etal. (2019) [10] | Yes No Yes Yes No

Chandra and Prasad | No No No No Usability focus
(2018) [4]

Agarwal and Sharma | Partial No No Satellite Image processing
(2020) [1] Imagery

Patel and Bansal | Yes No Yes

(2021) [7]

3D Terrain loT Integration

Rao and Menon (2022) | Yes Cloud Yes Yes Multi-device  sup-
[9] port

Deshmukh and Rathi | Yes Local Yes Yes ML Noise Filtering
(2023) [5]

Proposed System Yes sQlite Yes Yes ML Ready, Offling

(Google/ Support
osm)
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2.1. Gap ldentification and Contribution

Although existing research and applications

in GPS-enabled land measurement have
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made  notable  progress, significant
limitations persist that affect the scalability,
usability, and precision of these systems in

real-world scenarios.

< Lack of Data Persistence: Most systems
reviewed do not provide options for saving
measurement data locally or in the cloud. As
a result, users cannot retrieve past records
for analysis, reuse, or comparison. This
limits  their long-term  utility for
professionals like surveyors or farmers
managing multiple plots over time.

< Restricted Platform Accessibility: Many
solutions are limited to a single platform,
often Android, and lack support for cross-
platform use (e.g., i0S, web). Moreover,
few offer offline functionality, making them
impractical in remote or low-connectivity
areas.

< Inadequate GPS Error Handling:
Minimal integration of signal noise
reduction techniques or geo- metric
correction  algorithms means these
applications are often vulnerable to
inaccuracies from GPS drift, multipath
errors, and weak satellite coverage. This is
particularly problematic in hilly or urban
regions.

« Limited Visualization and Interaction:
While some systems include basic map
features, real-time interactive map
visualization—where users can dynamically
see changes in measured area as they move

or add
35005|Page
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underdeveloped in most tools.

e Absence of Advanced Functional
Modules: Few systems explore the
integration of modern tech- nologies such
as machine learning for boundary
prediction, terrain modeling, or intelligent
corrections. This hinders the advancement
of  GPS-based  applications  toward
intelligent and adaptive decision-making

systems.

The proposed system has been designed
specifically to address the above limitations

through a multi- faceted approach:

< Persistent Local Storage: By leveraging
SQlite, the application ensures that all
measurements, along with metadata such
as timestamps and coordinate points, are
securely stored on the device for future
reference  without requiring internet
access.

e Real-Time Map Integration: The
system utilizes Google Maps and
OpenStreetMap APIs to provide real-time,
interactive visualization of GPS tracks and
polygonal areas. Users receive immediate
visual feedback as they mark boundaries,
enhancing confidence and precision.

< Unit Conversion and Measurement
Utilities: The application supports dynamic
conversion between square meters, acres,
and hectares. It also includes linear distance
measurement tools for multipurpose field

applications.
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- Offline Usability and Lightweight
Design: The application is fully functional
offline after initial setup and map caching.
This makes it suitable for use in remote
locations without continuous network
coverage.

« Future-Proof Architecture: The
modular design allows for seamless
integration of future enhance- ments such

as:

— Machine  Learning: For  auto-

detection of irregular land
boundaries and signal anomaly
correction.

— Cloud Sync: To store data across
devices and enable remote access.

— Terrain Awareness: For incorporating
slope and elevation into area
calculations.

In summary, the proposed GPS Land Area
Calculator bridges the critical gaps in current
systems by offering a robust, accurate, and
user-centric solution. It empowers end-
users—especially farmers, land surveyors,
and real estate professionals—with real-
time insights, reliable data storage, and the
flexibility to work in both connected and

disconnected environments.

3. METHODOLOGY

This  paper presents the design,

development, and evaluation of a GPS-

35006 |Page

WWW.jritm.org

Vol. 3 Issue 5, May 2026, pp. 35001-35015
ISSN: 3049-3129(Online)

enabled Android mobile application
specifically tailored to calculate land area
with high accuracy, reliability, and user
accessibility. The primary stakeholders
include farmers, land surveyors, and real
estate professionals who require fast and
dependable  measurements in field
environments.

Land measurement is a fundamental task
across diverse sectors such as agriculture,
civil engineering, and property
management. Traditional methods for area
calculation often rely on manual surveying
techniques or complex instruments, which
can be labor-intensive, time-consuming,
and susceptible to human error [3, 8].
Recent advances in mobile GPS technology
have enabled the development of portable,
affordable, and automated systems for
land measurement, minimizing these
limitations [12, 10].

This research builds upon existing
approaches by offering a GPS-based mobile
application that combines real-time data
acquisition with user-centric software
engineering principles. The system simplifies
the process of land area computation by
integrating GPS sensor readings, polygon
geometry algorithms, and intuitive map

visualizations [2, 11].
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Figure 1. System Architecture: Block Diagram

A thorough requirement analysis was
conducted through consultations with
prospective users, including farmers, field
surveyors, and real estate agents. Key user
needs identified include:

e Accurate capture of geospatial
coordinates

e Multi-unit land area calculations (e.g.,
square meters, hectares, acres)

« Real-time  visualization of land
boundaries

< Secure local storage of historical data
< Cross-device compatibility and ease of
use
To meet these requirements, the system
was implemented using Android Studio with
Java and the Android SDK. The architecture
adopts a modular approach, which
promotes maintainability, scalability, and
ease of future integration (e.g., machine
learning or cloud connectivity). The core
technical components of the application
include:
< User Interface Module: A minimal and
responsive design for simplified user

35007 |Page

WWW.jritm.org

Vol. 3 Issue 5, May 2026, pp. 35001-35015
ISSN: 3049-3129(Online)

interaction.

< GPS Data Acquisition Module: Collects
real-time GPS data using onboard
device sensors.

< Map Integration Module: Visualizes
user movement and boundary marking
using Google Maps or OpenStreetMap APIs
[9].

 Area Computation Module: Applies
coordinate geometry (e.g., shoelace
algorithm) to calculate polygonal land area
from recorded GPS coordinates.

< Data Storage Layer: Employs SQlite to
persist user measurements locally for
offline access [5].

< Unit Conversion System: Automatically
converts area results into the user’s

preferred unit (sgm, acres, hectares).

Overall, this architecture ensures high
reliability, portability, and usability for
practical field applications. By enabling
real-time tracking and measurement
without the need for expensive hardware,
the proposed system offers a cost-effective
and accessible solution for rural and urban

land management needs.

4. IMPLEMENTATION

The implementation of the GPS Land Area
Calculator application follows a modular
architecture, empha- sizing real-time GPS
data acquisition, accurate area calculation,
and efficient data persistence. This section
outlines each functional component and

relates them to existing research for
JRITM
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validation and benchmarking.

4.1. Data Acquisition

Accurate geographic data collection forms
the foundation of the land measurement
process. The proposed system builds on
techniques described in [3, 12, 9] and

incorporates:

« GPS Data Collection: Leveraging the
device’s native GPS sensor, the system
continuously captures real-time latitude
and longitude coordinates. The data stream
is temporarily cached in memory for
immediate use, a method aligned with
practices used in [2, 5].

< Map Data Integration: The application
visualizes user location and path data using
APIs from Google Maps or OpenStreetMap.
Similar  mapping  frameworks  were
employed in [12] to enhance usability for
users in agricultural domains.

- Data Preprocessing: Raw GPS data is
refined using algorithms to smooth noise and
correct inaccuracies due to environmental
factors. As highlighted in [5], preprocessing
is essential for enhancing measurement
accuracy in mobile systems.

e Conversion to Area: The cleaned
coordinates are transformed into land
area using trigonometric computations,
including the shoelace algorithm and
distance-to-area conversions, as adopted
by [8, 10].

35008 |Page

WWW.jritm.org

Vol. 3 Issue 5, May 2026, pp. 35001-35015
ISSN: 3049-3129(Online)

4.2. Area Measurement Process

This module is responsible for computing
the land area from the acquired data:

< Advanced Data Processing: To mitigate
GPS signal distortion and abrupt user
movement, data smooth- ing, filtering, and
interpolation techniques are applied,
consistent with recommendations in [6, 5].

« Geometric Computation: The system
models the land boundary as a closed
polygon and applies geometric formulas—
primarily the shoelace formula—for
accurate area computation [8].

< Unit Conversion: Users can select from
various measurement units (square
meters, acres, hectares), and the system
performs real-time conversion using
standardized coefficients [10].

< Result Presentation: The application
displays the calculated area both
numerically and graphically on the map.
Such dual presentation supports better

user comprehension, as suggested in [3].

4.2.1. Mathematical Foundations

Accurate land area measurement using GPS
coordinates relies on well-established
mathematical formulas. Below are the core

equations employed in this application:

1. Distance Between Two GPS Points
(Haversine Formula)
To compute distances between consecutive
GPS points (¢1, A1) and (¢2, 12), the
Haversine formula is used:
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Where:

e r = Earth’s radius (mean radius = 6,371 km)

« A= g2 - g1
e AA=12-11

2.2. Polygon Area Calculation (Shoelace
Formula) For a set of n GPS points
converted to Cartesian coordinates (x¢,
i), the polygonal area A is given by the
Shoelace formula:

n-1
Z(m;_ml = Xist)i) # (Ba)1 = X1)n)
izl

!
A=- 2
; 0

This assumes the coordinates form a
closed polygon.

3. Unit Conversions

The final computed area can be converted
to different units as follows:

1 sq. meter = 0.0001 hectares (3)

1 hectare = 2.47105 acre (4)

1 sq. kilometer = 100 hectares (5)

These formulas are essential for
presenting results in units meaningful to
different stakeholders, including farmers
(acres/hectares) and civil engineers (square

meters/kilometers).

4.3. Storing into Database
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To facilitate historical analysis and offline
access, the application uses an embedded

SQLlite database for data persistence:

- Database Schema Design: The schema
includes fields for timestamp, GPS
coordinates, area value, measurement
unit, and a user-defined label. Such
structured storage ensures data
traceability [9].

- Data Insertion: Insert operations are
performed using transactional queries to
prevent loss or corruption during real-time
measurements.

< Data Retrieval: Indexed queries allow
users to retrieve past measurements
efficiently, a common practice in mobile
GIS systems [4].

- Database = Maintenance:  Periodic
backup, indexing, and optimization routines
are embedded to support long-term use,

aligning with recommendations in [5].

S%L)ite is preferred due to its lightweight
architecture and compatibility with Android
platforms, making it ideal for offline and

. (5) .
field-based scenarios.

4.4. Testing and Validation

Robust testing was conducted to ensure

functional correctness, stability, and
accuracy. As emphasized in [2, 10], testing
mobile GIS systems must cover both

controlled and field conditions.

JRITM
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< Unit Testing: Backend logic, including
coordinate processing and area calculation
algorithms, were validated using the JUnit
testing framework.

- Ul Testing: The application’s
interactive elements were verified through
automated Ul tests using Espresso,
ensuring  smooth user flow and
responsiveness.

e Manual Field Testing: Land area
measurements were compared with manual
surveys using measuring tapes or known
land records to validate the accuracy of the
system. Results showed alignment within a
3-5% margin of error, in line with findings

from [3, 11].

This multifaceted testing strategy ensures
that the application is not only technically
sound but also reliable for real-world

deployment.

5. IMPLEMENTATION AND RESULTS

The GPS Land Area Calculator application
provides a robust and efficient solution for
measuring land area. Featuring an intuitive
user interface and accurate computational
capabilities, it serves as a practical tool for

a variety of land-based assessments.

Key Functionalities of the GPS Land Area
Calculator
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 Area Measurement: Calculates the
total area enclosed by user-selected

markers using the Shoelace Formula:

n-1

I
A= ] ;(-U}'Hl = Xi1i) # (Xn1 = 21Yn) (6)

where (x; ») are the projected Cartesian
coordinates of GPS points forming a closed

polygon.

- Distance Measurement: Measures the
great-circle distance between two GPS

coordinates using the
Haversine Formula:

(M) N
=2~ arcsin| [sin (T‘b) + 081y cos( s sin” (7) ()
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Location Identification via Coordinates:

Maps a point (&, 4) using geolocation

services like Google Maps or

OpenStreetMap APIs to visually mark or

search that location.

- Storage of Measured Locations:
Stores calculated area, coordinates,
andtimestamps into a SQLite database
using a relational schema:

CREATE  TABLE LandRecords (ID
INTEGER, Latitude REAL, Longitude REAL,
Area REAL, Timestamp TEXT);

< This enables retrieval, analysis, and

where 1 is the Earth’s radius, A¢ = ¢2 -

¢l, and AA = A2 - Al. e Location

Identification via Coordinates: Maps a

point (¢, 1) using geolocation services like

Google Maps or OpenStreetMap APIs to

visually mark or search that location. e

Storage of Measured Locations: Stores

calculated area, coordinates, and

timestamps into a SQLite database using

a relational schema: CREATE TABLE

LandRecords (ID INTEGER, Latitude REAL,

Longitude REAL, Area REAL, Timestamp

TEXT);

< persistence of historical measurements

WWW.jritm.org

Vol. 3 Issue 5, May 2026, pp. 35001-35015
ISSN: 3049-3129(Online)

..................
............
.............

Figure 2. Inserting Markets to Calculate Area

To begin measuring land area, users are
required to place markers on a map at the
desired boundary points. The application
uses these markers to delineate the shape of

the land and compute the enclosed area.

Future Scope

There is significant potential to extend the
capabilities of the GPS Land Area Calculator
through the integration of emerging
technologies. Proposed enhancements

include:

< Integration of Machine Learning: To
enable automatic boundary detection
and optimization.

< Cloud-Based Data Storage: For secure,
remote, and scalable data access and
management.

« Cross-Platform Compatibility:
Extending support to iOS devices and
web-based interfaces.

< Enhanced Functional Modules:
Including features such as terrain analysis,
real-time  collaboration, and offline

usability.

JRITM
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e Third-Party Integration: Enabling
synchronization with external systems such
as agricultural man- agement tools,

construction software, and GIS platforms.

These future improvements are expected
to enhance the app’s precision,
accessibility, and overall utility, particularly
for its core users—farmers, land surveyors,

and real estate professionals.

5.1. Data Storage

The application utilizes a SQLite database
to store land measurement data securely
and efficiently. This includes storing
geographic coordinates, area values,
measurement units, and timestamps. Users
can retrieve saved data for further analysis

or record-keeping.

Save Your Measuring

new

cANcEL

Figure 3. Inserting Markers to Calculate Area
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Enter Co-Ordinates

27 .44

3265

Figure 4. Saving the Measured Area

In addition, the app allows users to
pinpoint any location worldwide by
entering specific latitude and longitude
coordinates, enabling precise and global

location tracking.

6. CHALLENGES AND FUTURE SCOPE
6.1. Challenges of the System

1. GPS Precision Limitations: The
accuracy of GPS data can be influenced by
various environmental factors such as
terrain conditions, atmospheric
interference, and obstructions from nearby
buildings or trees. These elements may lead
to minor deviations in  captured
coordir|1:ates, affec,ting(hthe precision of

igure 4. Saving the Measured Area
calculated land areas.
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2. Complexity in Data Processing:
Handling large volumes of GPS data,
particularly when defining complex or
irregular land shapes, can be
computationally intensive. It was a
significant challenge to ensure that the
data processing component was both
accurate and efficient.

3. User Interface Design: Crafting an
interface that is both user-friendly and
functionally comprehensive required
careful planning. The goal was to enable
users to input data, interpret
measurements, and navigate the
application intuitively without
compromising essential features.

4. Cross-Device Compatibility: Ensuring
seamless operation across a diverse range
of Android devices with varying screen
resolutions, hardware specifications, and
operating system versions posed a
considerable challenge. Extensive testing
and adaptive Ul design were necessary to
maintain usability and stability.

5. Battery Optimization: Continuous
GPS usage can quickly drain battery life.
Achieving a balance between power
efficiency and accurate, real-time GPS
tracking was a key challenge in the

development process.
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Future Scope of the System

The GPS Land Area Calculator application
presents several avenues for enhancement.
Future development may include the
integration of advanced technologies such
as machine learning for intelligent
boundary detection, and cloud-based
storage solutions to enable seamless data
access and synchronization across devices.
Additional features can be incorporated to
improve functionality and user
engagement.

Furthermore, expanding the app’s
compatibility to other platforms—such as
iOS and web-based inter- faces—will
enhance its accessibility and reach.
Integration with third-party tools and
technologies, par- ticularly those used in
agriculture, land surveying, and real estate
management, will further increase the
application’s practical value.

These proposed advancements aim to
improve the application’s  accuracy,
usability, and versatility, making it an even
more effective tool for professionals like

farmers, surveyors, and real estate agents.

7. CONCLUSION

The GPS Land Area Calculator application
has proven to be an effective and practical
tool for measuring land area using GPS

technology. The development lifecycle
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encompassed key stages including require-
ment analysis, system design,
implementation, and rigorous testing to
ensure functionality, accuracy, and
dependability.

Despite certain challenges encountered
throughout the development process—
such as optimizing GPS precision, designing
a user-friendly interface, and ensuring
device  compatibility—the  application

Success-

fully delivers a straightforward and
accessible user experience. It allows users to
input location data, visualize boundaries,
and retrieve precise measurements with
ease.

Looking ahead, incorporating advanced
technologies such as machine learning and
cloud-based storage could further enhance
the application’s accuracy, performance,
and accessibility. These improvements
would also enable broader adoption across
multiple industries beyond its current
focus.

In summary, the GPS Land Area Calculator
serves as a valuable solution for
professionals in agriculture, surveying, and
real estate, with promising potential for
continued innovation and expansion in the

future.
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