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Abstract : This paper presents the development of a Geo-Fence Based Alert System for wildlife and asset monitoring using QGIS
and Python. The system enables real-time location tracking and zone-based monitoring by defining geographical boundaries such
as Safe Zone, Warning Zone, and Danger Zone. A point representing the tracked object is continuously monitored using spatial
analysis techniques. The system uses the point-in-polygon method to determine the position of the object within predefined zones.
Alerts are generated instantly using Telegram Bot APl whenever the object crosses zone boundaries. The system also supports
movement analysis including distance, speed, and time. The proposed solution is cost-effective, software-based, and eliminates the
need for complex hardware. It is highly suitable for wildlife protection, forest monitoring, and asset tracking applications.

Index Terms - Geo-Fencing, QGIS, Wildlife Monitoring, Asset Tracking, Spatial Analysis, Point-in-Polygon, Telegram Alerts,
Real-Time Monitoring.

I.INTRODUCTION

Geo-fencing is a location-based technology that enables the creation of virtual geographic boundaries for monitoring the
movement of objects, animals, or assets. It has gained significant importance in applications such as wildlife monitoring,
transportation, and security systems due to its ability to provide real-time tracking and automated alerts [1], [5].

In wildlife monitoring, tracking animal movement is essential to prevent them from entering hazardous zones such as
highways or human settlements. Similarly, in asset tracking, it is important to ensure that valuable resources remain within
predefined boundaries to avoid theft or unauthorized movement. Traditional tracking systems mainly rely on Global Positioning
System (GPS) technology, which provides location information but lacks intelligent boundary detection and real-time alert
mechanisms [6], [18].

With the advancement of Geographic Information Systems (GIS), spatial analysis and visualization have improved
significantly. QGIS, an open-source GIS platform, enables the creation of geofence boundaries, spatial layers, and real-time
monitoring systems. By defining multiple zones such as Safe Zone, Warning Zone, and Danger Zone using polygon layers, the
system can effectively analyze the position of a tracked entity and determine its status based on location [2], [13], [15].

Whenever the tracked entity crosses predefined geofence boundaries, the system generates alerts and sends notifications to
users. This integration of GIS with Python-based automation and messaging APIs provides a cost-effective and efficient solution
for real-time monitoring compared to traditional systems [7], [19], [20]. In addition to monitoring and alert generation, geo-fencing
systems also provide valuable insights into movement patterns and behaviour of tracked entities.

By analysing the interaction of objects with different geofence zones, it becomes possible to identify high-risk areas and
take preventive measures in advance. Such analysis is particularly useful in wildlife conservation, where understanding movement
patterns helps in reducing human-wildlife conflicts and improving habitat management [3], [4].

Furthermore, modern geo-fencing systems focus on automation and real-time communication to enhance system efficiency.
The integration of programming tools such as Python enables continuous data processing and dynamic decision-making, while
messaging platforms like Telegram provide instant notification capabilities. These advancements improve responsiveness and
reduce manual intervention, making geo-fencing systems more reliable and scalable for large-scale monitoring applications [7],
[19], [20].
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Fig.1 Represents the flow diagram of proposed project

Il. NEED OF THE STUDY.

The rapid increase in environmental challenges and security concerns has created a strong need for efficient monitoring
systems for wildlife and valuable assets. In wildlife conservation, animals often move into human-populated areas, agricultural
lands, or dangerous zones such as highways, leading to accidents and conflicts. Similarly, in asset tracking, the movement of
valuable resources outside predefined boundaries can result in loss, theft, or misuse. Therefore, continuous monitoring and timely
detection of boundary violations are essential for ensuring safety and effective management [1], [5].

Traditional monitoring systems mainly rely on GPS-based tracking, which provides location information but lacks
intelligent analysis and real-time alert mechanisms. These systems cannot identify whether the tracked entity is in a safe or risky
zone, making them less effective for practical applications. Additionally, their performance may be affected in areas with weak
signal strength, reducing reliability in certain environments [6], [18].

With the advancement of geospatial technologies, geo-fencing has emerged as a powerful approach for defining virtual
boundaries and monitoring movement within specific regions. However, many existing systems still lack proper zone classification,
visualization, and automated communication features. This creates a need for a system that can not only track location but also
analyse movement relative to multiple zones and generate instant alerts [2], [8].

The proposed Geo-Fence Alert System addresses these challenges by integrating QGIS-based spatial analysis with Python
automation and real-time communication through the Telegram Bot API. The system enables continuous monitoring, accurate zone
detection, and instant alert generation, providing a cost-effective and efficient solution for wildlife monitoring and asset tracking
applications [7], [20].

2.1 Related Work

Several research studies have been carried out in the field of location-based monitoring and tracking systems. Early
approaches mainly relied on Global Positioning System (GPS) technology to monitor the movement of objects and assets. These
systems were effective in providing location information; however, they lacked intelligent boundary detection and real-time alert
mechanisms, which limited their practical usability in dynamic environments [1], [5].

With the advancement of location-based services, geofencing techniques were introduced to define virtual boundaries and
monitor movement within specific geographic areas. These techniques have been applied in various applications such as vehicle
tracking, safety monitoring, and attendance systems. However, many of these implementations were limited to simple boundary
detection and did not fully utilize advanced spatial analysis capabilities for accurate decision-making [6], [8].

In recent years, the integration of Geographic Information Systems (GIS) with geofencing has significantly improved
monitoring accuracy and visualization. GIS tools such as QGIS provide powerful features for creating multiple zones and
performing spatial analysis operations. These systems enable better understanding of movement patterns and improve the efficiency
of monitoring applications [2], [13], [15].

Furthermore, modern systems have started incorporating automation and real-time communication using programming
languages and APIs. Python-based processing and messaging platforms allow automatic alert generation and instant
communication. However, many existing solutions still face challenges such as lack of proper integration, high cost, and dependency
on hardware components, which reduce their scalability and efficiency [7], [19], [20].
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2.2 Problem Identification

Although several tracking and monitoring systems have been developed using GPS and geofencing technologies, they still
suffer from multiple limitations. Traditional GPS-based systems mainly focus on providing location coordinates and do not perform
intelligent analysis of the tracked entity’s position with respect to predefined zones. As a result, these systems are unable to detect
critical situations such as boundary violations or entry into dangerous areas in real time [6], [18].

Many existing geofencing systems provide only basic boundary detection without classifying regions into multiple levels
such as Safe, Warning, and Danger zones. This lack of detailed zone classification reduces the effectiveness of monitoring,
especially in applications like wildlife tracking where different levels of risk must be identified clearly. Additionally, these systems
often lack proper visualization tools, making it difficult for users to understand movement patterns and spatial relationships [5],

8.

Another major limitation is the lack of real-time alert mechanisms and automation. In many systems, alerts are delayed or
require manual monitoring, which reduces responsiveness and increases the risk of damage or loss. Furthermore, some solutions
depend on additional hardware components or complex configurations, leading to higher cost and reduced accessibility for large-
scale deployment [1], [5].

To overcome these limitations, there is a need for a cost-effective, software-based system that integrates geofencing with
GIS-based spatial analysis and real-time communication. The proposed Geo-Fence Alert System addresses these challenges by
using QGIS for visualization and spatial processing, along with Python and Telegram API for automated real-time alert generation.
This improves accuracy, efficiency, and usability compared to existing systems [2], [7], [20].

I1l. RESEARCH METHODOLOGY

The proposed Geo-Fence Alert System follows a structured approach for monitoring the movement of a tracked entity and
generating alerts based on its spatial position. Initially, location data in the form of latitude and longitude coordinates is obtained
from a GPS source and used as input for the system [18].

The collected data is integrated into the QGIS environment, where geospatial processing and visualization are performed.
Geo-fence boundaries are created using polygon layers and categorized into different zones such as Safe Zone, Warning Zone, and
Danger Zone. These zones represent different levels of risk and are used to monitor the movement of the tracked entity effectively
[2], [13], [15].

In the next stage, spatial analysis is carried out using techniques such as the point-in-polygon method. This technique
determines whether the tracked point lies inside or outside a specific geofence zone. Based on this analysis, the system identifies
the status of the entity in real time and updates it continuously as the position changes [5], [8].

The processed spatial data is then handled by a Python-based processing module, which evaluates the zone conditions and
applies logical rules for decision-making. The system continuously checks for any boundary crossing or zone transition to ensure
timely detection of critical situations [7], [19]. Finally, when a change in zone is detected, alert messages are generated and sent to
users through the Telegram Bot API. This ensures instant communication and allows users to take immediate action. The overall
methodology provides a cost-effective, scalable, and efficient solution for real-time geospatial monitoring and alert generation [20].

Fig.2 Represents the methodology of proposed project

IV. SYSTEM ARCHITECTURE AND DESIGN

The architecture of the proposed Geo-Fence Alert System is designed as a modular framework that enables efficient data
processing, spatial analysis, and real-time alert generation. The system consists of multiple interconnected modules, each
responsible for a specific function in the overall workflow.

The process begins with the data acquisition module, which collects location coordinates in the form of latitude and
longitude from a GPS source. This data serves as the primary input for the system and is continuously updated to track the movement
of the entity [18].

The collected data is then passed to a Python-based processing module, which performs initial computations and prepares
the data for spatial analysis. This module also manages communication with external services such as the Telegram API for alert
generation [7], [19].
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Next, the processed data is integrated into the geospatial analysis module implemented using QGIS. In this module, geo-
fence boundaries are created using polygon layers and categorized into Safe, Warning, and Danger zones. QGIS provides powerful
tools for visualization and spatial operations, enabling efficient monitoring of the tracked entity [2], [13], [15].

The system then applies a zone detection mechanism using spatial techniques such as the point-in-polygon method. This
determines the exact position of the tracked entity relative to the defined zones and classifies its status accordingly [5], [8].

Finally, the alert generation module evaluates the zone status and triggers notifications whenever a boundary crossing
occurs. Alerts are sent to users in real time using the Telegram Bot API, ensuring immediate communication and response [20].

Overall, the system architecture integrates geospatial analysis, data processing, and communication modules to provide a
scalable, cost-effective, and efficient solution for real-time geo-fence monitoring.

System Architecture of Geo-Fencing Alert System
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Fig.3 System architecture of the proposed project
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VI. WORKING PRINCIPLE

The proposed Geo-Fence Alert System operates based on real-time location tracking and spatial analysis. Initially, the
system receives the location coordinates of the tracked entity in the form of latitude and longitude from a GPS source. This data is
continuously updated and used as the primary input for monitoring movement [18].

The received location data is then integrated into the QGIS environment, where predefined geo-fence zones such as Safe
Zone, Warning Zone, and Danger Zone are created using polygon layers. The system performs spatial analysis to determine the
position of the tracked point relative to these zones. This is achieved using techniques such as point-in-polygon analysis, which
helps in identifying the exact zone in which the entity is located [5], [8].

Based on this analysis, the system classifies the current status of the tracked entity. If the point lies within the safe zone,
the system maintains normal status. When the point moves into the warning zone, a warning condition is detected, and if it crosses
the boundary into the danger zone, a critical alert condition is triggered. This process is carried out continuously to ensure accurate
real-time monitoring [6].

Once a zone transition is detected, the processed data is passed to the Python module, where alert conditions are
evaluated. The system then generates alert messages and sends them to users through the Telegram Bot API, ensuring instant
communication and timely response [7], [20].

Thus, the system provides an automated and efficient mechanism for monitoring, analyzing, and alerting users about the
movement of tracked entities, making it suitable for wildlife monitoring and asset tracking applications.

VI. TECHNIQUES USED

The proposed Geo-Fence Alert System is developed using a combination of geospatial technologies, programming
frameworks, and communication tools to achieve accurate real-time monitoring and alert generation. The system integrates
Geographic Information Systems (GIS), spatial analysis techniques, and software-based automation to provide an efficient and
scalable solution for tracking and monitoring applications.

One of the primary techniques used in this system is Geographic Information System (GIS) analysis through QGIS. QGIS
is an open-source platform that enables the creation and management of geospatial data using layers. In this system, polygon layers
are used to define geo-fence boundaries such as Safe Zone, Warning Zone, and Danger Zone. QGIS provides powerful visualization
and spatial processing capabilities, allowing users to clearly understand the movement of tracked entities within different regions.
This enhances decision-making and improves monitoring efficiency [2], [13], [15].

Another important technique employed is spatial analysis, specifically the point-in-polygon method. This method is used
to determine whether a given point lies inside or outside a defined polygon. By applying this technique, the system can accurately
classify the position of the tracked entity into different zones. This classification plays a crucial role in detecting boundary crossings
and identifying risk levels associated with the movement of the entity. Spatial analysis ensures precision and reliability in zone
detection, which is essential for real-time monitoring systems [5], [8].

Python programming is used as the core processing and automation tool in the system. Python scripts are integrated with
QGIS to process location data, evaluate spatial conditions, and implement logical decision-making. The automation provided by
Python enables continuous monitoring without manual intervention, improving system efficiency and reducing response time. It
also facilitates integration with external APIs for communication and alert generation [7], [19].

For real-time communication, the system uses the Telegram Bot API, which allows automatic transmission of alert
messages to users. Whenever the tracked entity crosses a geo-fence boundary or enters a warning or danger zone, the system
instantly sends notifications through Telegram. This ensures timely communication and allows users to take immediate action. The
use of messaging APIs enhances the responsiveness and usability of the system in practical applications [20].

Additionally, Global Positioning System (GPS) technology is used to provide accurate location coordinates of the tracked
entity. These coordinates serve as the primary input for the system and are continuously updated to reflect real-time movement. The
integration of GPS with GIS and software-based processing enables effective tracking and monitoring without the need for complex
hardware infrastructure. However, the accuracy of the system depends on the quality of GPS signals, which may vary under different
environmental conditions [18].

Overall, the combination of GIS-based spatial analysis, Python automation, GPS tracking, and real-time communication
through Telegram API results in a cost-effective, scalable, and efficient system. These techniques collectively enhance the system’s
ability to perform accurate monitoring, instant alert generation, and detailed movement analysis for wildlife and asset tracking
applications.
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V. RESULTS AND DISCUSSION

The proposed Geo-Fence Alert System was successfully implemented using QGIS, Python, and Telegram Bot API. The
system was tested for key functionalities such as geo-fence zone detection, real-time alert generation, and movement analysis. The
results demonstrate that the system accurately monitors the position of the tracked entity and generates alerts based on predefined
geo-fence boundaries. The integration of GIS-based spatial analysis and automated communication ensures reliable and efficient
performance in real-time monitoring applications [2], [7], [20].

5.1 Geo-fence Zone Detection

The geo-fence zones were successfully created in QGIS using polygon layers representing Safe, Warning, and Boundary
regions. The tracked point is displayed on the map, allowing clear visualization of its position relative to these zones. In the observed
case, the point is located outside the boundary, indicating a critical alert condition. This confirms that the system can accurately
detect the position of the entity and identify boundary violations in real time using spatial analysis techniques [5], [8].
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Fig. 4 Geo-Fence zone detection in QGIS showing the tracked point position
5.2. Real-time Alert Notifications

The system generates real-time alert notifications using the Telegram Bot API. Based on the zone classification, messages
such as “SAFE,” “WARNING,” and “ALERT” are sent to users instantly. This demonstrates the system’s ability to provide
immediate updates whenever a boundary crossing occurs, improving responsiveness and enabling quick decision-making [7], [20].
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Fig.5 Real-time alert notifications generated using Telegram Bot API
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The bar graph represents the number of occurrences in each zone category, including Safe, Warning, and Danger zones.
This analysis helps in understanding how frequently the tracked entity moves between zones. The results indicate that the system
effectively records and classifies events, providing useful insights into movement patterns and risk levels.
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Fig.6 Analysis of geo-fence alerts based on zone classification

5.4. Events Over Time

The line graph illustrates the variation of geo-fence events over time. It shows how the tracked entity transitions between
zones at different time intervals. This helps in identifying patterns of movement and detecting periods of high activity or frequent
boundary crossings.
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Fig.7 Geo-fence events variation over time
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5.5. Zone Distribution
The pie chart shows the percentage distribution of time spent by the tracked entity in different zones. It provides a clear

overview of how the entity interacts with various regions. This visualization helps in evaluating overall system behavior and
identifying dominant zones.

Geofence Zone Distnbution
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Fig.8 Percentage distribution of zone classifications

5.6. Distance Analysis

The distance analysis graph shows the variation in distance travelled by the tracked entity over time. It helps in

understanding movement behavior and identifying sudden changes in displacement, which may indicate abnormal activity or
boundary crossings.
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Fig.9 Distance variation of the tracked entity
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5.7. Speed Analysis

The speed analysis graph represents the variation in speed of the tracked entity over time. Sudden increases in speed
may indicate unusual movement, while consistent speed represents normal behavior. This helps in detecting potential risks and
abnormal activity.

Speed of Movement (m/y

Fig.10 Speed analysis of the tracked entity

5.8. Attribute Table

The attribute table displays recorded data including timestamp, coordinates, and zone classification. This confirms
that the system maintains detailed logs of movement, which can be used for further analysis and validation of results.
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Fig.11 Attribute table showing geo-fence log data

Overall, the results confirm that the proposed Geo-Fence Alert System provides accurate real-time monitoring,
effective zone detection, and reliable alert generation. The integration of QGIS for spatial analysis and Python for automation
ensures efficient system performance. The use of Telegram API enables instant communication, making the system suitable
for practical applications such as wildlife monitoring and asset tracking [2], [7], [20].
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V1. CONCLUSION

The proposed Geo-Fence Alert System for wildlife and asset monitoring has been successfully developed and
implemented using QGIS and Python. The system provides accurate real-time tracking of the monitored entity and effectively
classifies its position into Safe, Warning, and Danger zones using spatial analysis techniques such as point-in-polygon [2], [5]. This
enables precise detection of boundary crossings and improves situational awareness in monitoring applications.

The integration of Geographic Information Systems with Python-based automation enhances the system’s capability to
perform continuous monitoring and real-time analysis. Additionally, the use of the Telegram Bot API ensures instant
communication by sending alerts to users whenever a zone transition occurs. This significantly improves response time and reduces
the risk associated with delayed notifications [7], [20].

Compared to traditional GPS-based tracking systems, the proposed solution offers better visualization, improved accuracy,
and intelligent decision-making through zone-based classification. The system is fully software-based, which eliminates the need
for complex hardware components, making it cost-effective and easy to deploy in various real-world scenarios such as wildlife
conservation and asset tracking [18].

Overall, the system demonstrates high efficiency, reliability, and scalability in real-time geo-fence monitoring. The
combination of GIS tools, spatial analysis, and automated communication makes it a practical and effective solution for modern
tracking and monitoring applications.

VII. FUTURE SCOPE

Although the proposed Geo-Fence Alert System performs efficiently in real-time monitoring and alert generation, there is
scope for further enhancement. One of the major improvements can be the integration of real-time GPS devices and 10T-based
sensors to enable automatic data collection instead of manual input. This would make the system more robust and suitable for large-
scale deployment in real-world environments [18].

Future work can also focus on improving location accuracy, especially in areas with weak GPS signals such as dense
forests or urban environments. Advanced filtering techniques and positioning algorithms can be incorporated to enhance precision
and reliability of tracking data [1]..

In addition, the system can be extended by developing a mobile application or web-based dashboard for better
visualization and user interaction. This would allow users to monitor movement, view alerts, and analyse data more conveniently
in real time.

Furthermore, advanced features such as machine learning and predictive analytics can be integrated to analyse movement
patterns and predict future behaviour of tracked entities. This would help in early detection of potential risks and improve decision-
making in applications such as wildlife conservation and asset security [3], [4].

The system can also be expanded to support offline alert mechanisms and alternative communication methods to reduce
dependency on internet connectivity. Overall, these enhancements will improve scalability, performance, and practical usability of
the system for various monitoring applications [7], [20].
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