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ABSTRACT:

The Student Location Alert System is a mobile application developed to notify parents when their children arrive at college. The system utilizes geofencing
technology to create a virtual boundary around the college premises. When a student enters this defined area, their current GPS location is detected using the
device’s location services. The app then sends this data—Iatitude, longitude, and timestamp—to Firebase Firestore, where it is stored for parent access and record-
keeping.

Built using Android’s Jetpack Compose and Kotlin, the application relies on the FusedLocationProviderClient for efficient and accurate location tracking. Firebase
Firestore serves as the backend, offering a scalable and reliable cloud-based database to manage alert data. This system enhances parental awareness and
accountability, reducing the need for manual check-ins while ensuring that student arrivals are automatically documented in real time.
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INTRODUCTION

Student safety and monitoring are important aspects of managing educational institutions, especially in environments where students commute daily.
Traditional methods like manual attendance or phone-based check-ins can be unreliable, delayed, or burdensome for both students and staff. With the
widespread availability of smartphones equipped with GPS, there is an opportunity to automate location-based monitoring and ensure timely record-
keeping of student arrivals.

The Student Location Alert System is an Android-based mobile application developed to automatically detect when a student enters the college premises.
It uses geofencing by defining a virtual boundary around the college area using latitude and longitude coordinates. When a student’s device enters this
predefined radius, the app captures the location and timestamp, and uploads this data to Firebase Firestore, where it is securely stored.

This solution brings automation, accuracy, and cloud integration into the student monitoring process. It eliminates manual check-ins and reduces the
administrative workload for advisors. The system can be further enhanced in the future to include exit tracking, dashboards for real-time data visualization,
or integration with institutional attendance systems. student with the predefined college coordinates

In conclusion, the Student Location Alert System is a simple yet powerful mobile-based solution aimed at improving communication between students
and parents through geofencing and real-time location updates. It leverages existing smartphone capabilities and cloud infrastructure to deliver a scalable,
efficient, and easy-to-use service. This project demonstrates how modern mobile and cloud technologies can be applied to solve everyday problems in
educational environments.

In future by automating the location check-in process, such as automated attendance marking or security monitoring. The system can be extended in the
future to include additional features like exit alerts, route tracking, or integration with SMS gateways for offline notification.

PERFORMED ANALYSIS OF EXISTING METHODOLOGY

1. Traditional Attendance Systems
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Traditional student monitoring systems mostly rely on manual attendance or biometric check-ins within institutions. These approaches, while
straightforward, are often time-consuming, error-prone, and unable to capture real-time student movement or presence beyond specific checkpoints.

2. RFID and Bluetooth-Based Systems

Many colleges have introduced RFID or Bluetooth-based systems to automate attendance. Students carry RFID cards or Bluetooth-enabled devices which
interact with installed scanners. However, these systems are limited to range-bound identification and do not support broader location tracking or real-
time data aggregation over wide areas.

3. GPS-Based Tracking Applications

Some modern solutions use GPS-based apps to track student presence. These apps often rely on mobile devices to detect whether students are within
predefined zones. However, due to power and privacy concerns, these applications may not function optimally without continuous internet connectivity
or explicit location permissions from users.

4. Web-Based Location Portals

Institutions have also experimented with web portals that collect location data passively through logins or Wi-Fi connections. Though useful for general
surveillance, these systems typically lack granularity and cannot pinpoint whether a student is truly within a designated area or just connected remotely
via VPNs or shared networks.

5. Existing Solutions

Life360 is another family-oriented location-tracking app. It notifies users when someone enters or leaves a designated zone, like home or a specific
location. While it offers geofencing, it is a general-purpose system and does not specifically cater to educational institutions. Google’s Family Link allows
parents to monitor their children’s locations. However, it lacks integration with real-time notifications based on predefined geofences around institutions
and does not offer as detailed location tracking within a school campus.

CHALLENGES AND LIMITATIONS OF CURRENT RESOURCES
1. Many current location tracking solutions do not integrate well with educational systems, preventing seamless communication between the
system and the school’s infrastructure.

2. Most solutions are limited by their geofencing capabilities, lacking the precision required to define complex areas such as specific classrooms,
school zones, or multiple building exits.

3. The continuous use of GPS tracking often drains battery life on student devices, which may interfere with the app's reliability throughout the
school day.

4. Privacy concerns are a significant challenge, as there is a lack of control over how student location data is accessed, shared, and used, often
raising issues with third-party app integrations.

5. Notification delays and inaccuracies in location tracking can hinder the timely delivery of alerts to parents, especially in areas with weak GPS
signals, such as indoors or around large campus structures.

6.  Many current systems depend on manual input from students, which can lead to inconsistencies, missed updates, and potential errors in the
tracking system.

7. There is a lack of adaptability in many existing systems to different school environments, whether it be urban, rural, or with campuses of
varying sizes and complexity.

8. Most solutions offer basic geofencing functionality that does not accommodate the dynamic and changing nature of school schedules,
potentially leading to false alerts.

9.  Existing location tracking apps tend to be designed for general consumer use, lacking the necessary features to be effective in educational
environments where security and precision are key.

10. Many current systems offer limited real-time alerts, which can make it difficult to quickly address emergencies or issues, particularly in cases
where students may be lost or need assistance.

11. There is often insufficient customization in many existing systems to suit the specific needs of various educational institutions, such as
different boundaries or time-specific tracking requirements.

12. Many tracking apps don’t integrate with other systems like school attendance records.
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RESEARCH ON THE PROPOSED METHODOLOGY

Student Location Alert System (SLAS) aims to address existing challenges in location-based student monitoring by offering real-time geofencing
capabilities specifically tailored for educational institutions. The system utilizes Firebase for real-time data management and GPS-based geofencing to
monitor student location within designated boundaries.

Responsive Dashboard Interface and Customization:

A central feature of the SLAS is its real-time dashboard, developed using Flutter for cross-platform compatibility and Firebase for seamless backend
synchronization. The dashboard allows school administrators to view student location data on an interactive map, along with historical entry/exit logs
and zone-specific movement reports. Administrators can configure multiple geofenced zones within the campus, such as libraries, labs, main entrances,
and playgrounds. Custom rules can be established to log only relevant movements, optimizing both performance and data clarity.

Geofencing and Location Tracking:

The system utilizes Android and iOS native APIs through Flutter’s platform channels to implement low-latency, high-accuracy geofencing. Geofences
are defined by latitude, longitude, and radius, and trigger location updates when a device enters or exits a zone. The geofence boundaries are stored in
Firebase Firestore, which allows dynamic updates without requiring app updates. This flexibility ensures that school staff can quickly adjust boundaries
as the physical layout of the campus or class schedules change. Additionally, fallback mechanisms like Wi-Fi-based positioning or cell tower triangulation
will be considered for areas where GPS signals are weak or unavailable.

Data Security and Privacy Protection:

All data transmissions will be encrypted using TLS/SSL protocols to ensure secure communication between user devices and the cloud.
Role-based access control (RBAC) will restrict sensitive location data access to authorized personnel only, maintaining student privacy.
The system will comply with GDPR and other applicable data protection standards to ensure responsible handling of personal information.

Battery and Resource Optimization:

To reduce device power consumption, the app will implement intelligent tracking strategies such as periodic rather than constant GPS updates, and
activation of location tracking only when near geofenced zones. A balance between update frequency and power efficiency will be maintained to ensure
consistent app performance throughout the day without excessive battery drain.

Scalability and Integration:

The system is designed to scale across multiple schools and thousands of users. Firebase’s real-time database and cloud functions can handle concurrent
data streams, ensuring that multiple student devices can update their location without performance issues. The modular architecture allows for future
integration with school ERP systems, attendance logs, or emergency alert systems. This scalability ensures SLAS remains a long-term solution that
evolves alongside institutional needs.

Testing and Reliability Measures:

Extensive testing will be conducted under various conditions including indoor, outdoor, low-signal, and multi-device environments. Unit tests, integration
tests, and field simulations will be used to validate geofence accuracy and backend reliability. Firebase Crashlytics and performance monitoring tools
will help identify and resolve issues promptly, contributing to a robust and dependable solution.

IMPORTANT SOFTWARE TOOLS

To develop a robust and efficient Student Location Alert System (SLAS), several key software tools and technologies are employed. These tools
collectively enable real-time tracking, secure data management, cross-platform compatibility, and location-based services tailored for educational
environments.

Firebase
Firebase serves as the backbone for backend services in SLAS. It offers a suite of cloud-based tools that simplify app development while ensuring
scalability and reliability.

Real-Time Database:

Firebase’s real-time database enables instant synchronization of student location data between the app and the cloud. As a student moves within or outside
the geofenced area, their updated coordinates are instantly reflected in the database. This real-time capability is crucial for accurate and timely tracking.

Authentication:

Firebase Authentication provides a secure method for managing user sign-ins. It supports various sign-in providers such as email/password, Google, and
phone authentication. Role-based access (e.g., parent, teacher, admin) is implemented using Firebase Auth, ensuring that users only access data
appropriate to their role.
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Cloud Functions:

These serverless functions can be triggered by specific events, such as changes in the student’s location data or login activity. Cloud Functions automate
backend tasks like logging entry/exit events or updating analytics without affecting app performance.

Flutter
Flutter is Google’s open-source Ul toolkit used for building natively compiled applications for mobile from a single codebase.

Cross-Platform Support:

Flutter allows the SLAS mobile application to run seamlessly on both Android and iOS devices, reducing development time and cost. This is particularly
beneficial for schools and parents using a variety of devices.

High-Performance Ul:

With Flutter’s rich widget library, developers can create intuitive and visually appealing dashboards for administrators and parents. The responsiveness
of the interface is enhanced by Flutter’s reactive framework.

Google Maps SDK :
The Google Maps SDK integrates mapping and location services into the SLAS application.
Map Rendering:

It enables the real-time rendering of maps within the app, displaying the student’s location on an interactive interface. Parents and school staff can
visualize movements within the school premises.

Location Markers:

Custom markers are used to indicate zones such as entry gates, classrooms, and common areas, enhancing the visual clarity of student movement patterns.
Geofencing API :

Geofencing is a core component of the SLAS, allowing virtual boundaries to be defined around specific geographical areas.

Boundary Creation:

Using latitude, longitude, and radius parameters, the Geofencing API creates invisible boundaries around schools or defined zones within the campus.
These geofences trigger events when a device crosses in or out of them.

Event Handling:

The app listens for enter and exit events and records them to Firebase. These records can be used for automated attendance tracking or unusual movement
detection.

SSL/TLS Encryption:
Security is paramount when handling student data. SLAS ensures end-to-end data protection using industry-standard encryption.
Data Transmission:

All communication between the mobile app and Firebase services is encrypted using Secure Sockets Layer (SSL) and Transport Layer Security (TLS)
protocols. This prevents interception of sensitive data during transmission.

Data Integrity and Confidentiality:

TLS encryption ensures that data remains confidential and unaltered during transfer, providing both parents and institutions with assurance regarding
data safe.

RESULTS AND DISCUSSION

Login Page:

The student signup page allows students to create their profiles securely. This interface is designed with simplicity in mind to ensure ease of use for
students. During registration, basic credentials are collected and authenticated using Firebase Authentication, which ensures secure access and data
integrity. Once registered, student data is stored in the Firebase Realtime Database for further operations.
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Tracking Page:

The student tracking page is central to the real-time monitoring functionality. Upon successful login, the system activates location tracking through GPS,
and the student's current location is continuously compared against the predefined geofenced boundary set around the college. Based on this comparison,
the system dynamically determines whether the student is “Inside” or “Outside” the campus. This status is then displayed on the user interface, giving
the student a clear view of their current state. This also helps in reducing dependency on manual check-ins and increases the accuracy of attendance
monitoring.

¢  Student Tracking

Velmani R's Status: Inside Campus

Velmani R is inside the campus

Advisor Dashboard Page:

The advisor dashboard page serves as the administrative interface for staff or advisors. It provides a consolidated view of all students and their real-time
location statuses. The dashboard is built to display essential information such as student names, location coordinates, and status (inside or outside the
campus). This centralized access allows advisors to quickly assess student presence and track unusual movement patterns. The interface is responsive
and updates live as students move in or out of the defined geofence. The system performed reliably under test conditions. The location detection was
accurate within typical GPS margin of error, and the geofencing logic correctly flagged students as entering or exiting the zone
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Firebase Store:

The application uses Firebase Realtime Database (or Firestore) as the backend data store to handle all location-related information. Once a student logs
in, their live location data is tracked and periodically pushed to Firebase. The real-time capabilities of Firebase ensure that updates made to the student’s
location are instantly reflected across all connected clients, such as the advisor’s dashboard. The geofencing logic checks the student’s coordinates against
predefined school boundaries, and the result—whether the student is inside or outside—is stored in the database along with a timestamp.
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Authentication and Access Control

The application uses Firebase Authentication to manage user roles securely—distinguishing between students and advisors during login. Each user
registers using their email and password, which are authenticated and stored securely through Firebase’s built-in authentication system. Role-based access
control (RBAC) is implemented by assigning user roles at the time of signup or via Firebase Firestore rules. Students have access only to their personal
location tracking page, while advisors—authenticated as administrators—are granted elevated privileges that allow them to view all students’ location
details. This separation ensures that sensitive location data is protected and only accessible to authorized personnel, maintaining privacy and enhancing
data security across the system.
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CONCLUSION AND FUTURE SCOPE
Conclusion

In summary, The Student Location Alert System (SLAS) was developed to address a significant gap in educational safety infrastructure—real-time
location monitoring of students within school premises. By implementing geofencing technology integrated with a cross-platform Flutter application and
Firebase backend services, the system successfully enables accurate and timely updates on student movement across campus boundaries. The intuitive
interface and secure signup process make the application accessible and reliable for everyday use by both students and school advisors.

Through the development of the student signup page,

tracking interface, and advisor dashboard, the system provides a comprehensive view of student presence. Students can easily register and monitor their
own status, while school staff can access consolidated location data of all students through the dashboard. The accuracy of GPS-based location tracking
within defined geofenced zones has proven effective in reflecting real-time movement, thereby reducing the need for manual attendance and increasing
overall accountability.

Moreover, the use of Firebase’s real-time database and authentication mechanisms ensures fast, secure, and scalable performance. The design decisions,
such as role-based access control and efficient battery usage practices, have contributed to making the system not only functional but also resource-
friendly and compliant with basic data privacy standards. These foundational capabilities set the stage for broader applications in campus monitoring and
student safety management.

While the current version of the system fulfills its core objectives, there remains room for functional enhancement. The results from this phase of the
project demonstrate the feasibility and practicality of implementing a geofencing-based tracking system within educational environments. It also
highlights the growing relevance of location-based services in improving institutional safety and communication.

Future Scope

A major future enhancement of the SLAS involves integrating automated notification and SMS alerts to parents. Once a student crosses the geofenced
boundary—either entering or exiting the campus—a real-time alert can be triggered and sent via SMS or push notification to the registered parent or
guardian. This will further strengthen the communication loop between schools and families and ensure that parents are instantly informed of their child's
campus activity.

Implementing this feature will involve extending the current Firebase setup to include Firebase Cloud Messaging (FCM) or third-party SMS gateways
like Twilio for text message delivery. Customizable alert preferences can also be added, allowing parents to decide what kinds of notifications they want
to receive and when.

Furthermore, to ensure scalability, a backend message scheduler and event queue system could be introduced to handle high volumes of alert delivery
efficiently without delay. This upgrade will not only enhance the usefulness of the application but also align it more closely with its goal of ensuring
student safety through proactive communication.

In conclusion, the addition of automated alerts will transform the SLAS into a more holistic and practical student safety solution, empowering both
educational institutions and parents with the timely information they need to stay informed and take action when necessary.
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