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Introduction:

1. Cycling and biking in groups are increasingly popular activities for fitness, recreation,
adventure travel, and long-distance touring. However, maintaining coordination
among all riders in a group can be challenging, particularly when traveling across
long distances, unfamiliar routes, or areas with varying terrain and traffic conditions.
Riders may get separated due to differences in speed, navigation errors, unexpected
stops, or emergencies, which can create safety risks and communication difficulties.

2. This project aims to develop a real-time biking group tracking system that improves
group coordination, situational awareness, and rider safety through continuous
location sharing and intelligent alerts. The system allows riders within a group to track
each other's live positions on an interactive map, ensuring that no member gets lost
or left behind during the ride.

3. The platform integrates modern web and mobile technologies to enable seamless
real-time communication. The frontend is developed using React Native, providing a
cross-platform mobile application experience. The backend is built using Node.js and
Express.js, with Socket.|O enabling low-latency, bidirectional communication for real-
time updates. For mapping and geospatial visualization, OpenlLayers is used in
combination with OpenStreetMap, allowing accurate display of rider locations, routes,
and geofenced boundaries.

4. Key features of the system include real-time location sharing, geofencing alerts when
a rider moves outside a predefined distance range, automatic stop detection to
identify unusual halts, and emergency notifications that allow riders to quickly alert
the group in critical situations. By combining real-time tracking with intelligent safety
features, the proposed system enhances group coordination, reduces the risk of
riders getting lost, and provides a safer and more connected biking experience.

Objectives:
1. The objective of this project is to develop a mobile application that enables biking
groups.

2. Track live locations of all group members using the Geolocation API and
WebSockets.
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3. Set a geofencing radius (500 mts) and notify users when a member moves out of
range.

Methodology:

The core functionality of the proposed biker tracking system revolves around real-time
geolocation tracking, group-based data broadcasting, dynamic map rendering, safety
monitoring, and emergency alerting. The workflow described below outlines the interaction
between client and server components, forming the backbone of the system.

GEOLOCATION API LOCATION SENT VIA

FETCHES LIVE WEBSOCKET (SOCKET.10)
LOCATION TO BACKEND

SERVER BROADCASTS OPENLAYERS MAP
LOCATION TO GROUP UPDATES LIVE

MEMBERS MARKERS

SAFETY MODULES
MONITOR DISTANCE,
STOPS, & ALERTS

EMERGENCY SYSTEM OR
NOTIFICATIONS
TRIGGERED IF NEEDED

Step 1:
Biker Opens the Platform Upon launching the application, the biker is either prompted to join
an existing group or create a new one using a unique room code. This forms a private group
room where location data will be shared among authorized members only.
Step 2:
Geolocation APl Fetches Live Location The application invokes the device’s native
Geolocation API, which continuously captures GPS coordinates (latitude and longitude). The
polling interval is optimized to balance precision and battery usage (e.g., every 5-10
seconds).
Key Data Captured:

1. Latitude & Longitude
Timestamp
Speed and heading (optional)
Accuracy radius This data forms the foundation of all location-based services
in the website.

BN

Step 3:

Real-Time Location Sent via WebSocket (Socket.lO) Once fetched, the geolocation data is
transmitted in real time to the backend server using WebSockets through Socket.|O. This
low-latency, event-driven communication mechanism enables quick, two-way data flow
between client and server.
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Data Packet Format:

{
"groupld"; "xyz123",
"userld": "abc456",
"location": {
"latitude": 12.9716,
"longitude": 77.5946,
"timestamp": 1716147800000}
}
Step 4:

Server Broadcasts Location to Group Members The backend, built using Node.js and
Express.js, handles incoming location updates and identifies the correct group room based
on the group Id. The server then broadcasts the updated location data to all connected
clients within the same room using Socket.lO's built-in room-based communication.

This ensures that:

» Each biker receives live updates of all group members.

* No data is leaked outside the group context.

Step 5:
OpenLayers Map Updates Live Markers 7 On the frontend, OpenlLayers integrated with
OpenStreetMap (OSM) is used to render a dynamic map.
For each incoming location update:
1. A new marker is created if it's a new group member.
2. An existing marker is updated with the latest coordinates.
3. The marker is removed if a user disconnects or leaves the group. Each marker
is identified by a unique ID and is optionally labeled with the biker's nickname
or avatar.

Step 6:
Safety Monitoring Modules Trigger Alerts The Platform includes intelligent monitoring logic
that enhances rider safety by:

1. Stop Detection: If a biker remains stationary for a predefined time (e.g., 2+
minutes), the Platform prompts a confirmation. If the user does not respond
within a set timeframe, the system assumes a potential emergency.

2. Proximity Monitoring: Using the Haversine formula, the Platform calculates the
distance between group members. If a biker moves outside a 2 km radius, an
alert is issued to notify the group.

3. Inactivity Tracking: Tracks whether location updates have stopped completely,
which could imply network or device issues.

Step 7:
Emergency Alerts and Notifications In cases of unexpected stops, distance violations, or
direct user-triggered events:

1. The SOS System can be activated with one tap.
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2. A real-time alert message with GPS location is sent to:
a. All group members (via Socket.lO and FCM).
b. Emergency contacts stored in the user's profile.
3. Notifications are pushed via Firebase Cloud Messaging (FCM) to ensure delivery
even when the platform is in the background.

Result and Conclusion:

1. In conclusion, The Maarga real-time biker tracking platform was developed with the
objective of enabling biking groups to monitor each other’s locations continuously and
reliably during group rides. The system integrates modern web technologies to deliver
a responsive and low-latency tracking experience. Through a structured development
process, the project progressed from requirement analysis and architectural design
to detailed implementation, testing, and validation. The platform incorporates a
React-based frontend, a Node.js and Express backend, and Socket.|O-powered bi-
directional communication, supported by an in-memory room management system
and map rendering using OpenLayers. Each module was designed to be modular,
scalable, and maintainable, ensuring robust performance during real-time tracking.

2. A comprehensive design methodology was followed, beginning with the creation of
high-level and low-level architectures, class diagrams, sequence diagrams, and data
flow representations. These design artifacts provided clarity on module interactions,
data movement, and control flows, guiding the implementation phase. The final
system was implemented with a focus on fault tolerance, accurate location
synchronization, secure communication, and scalability. Extensive unit testing
verified database operations and schema correctness, while system testing validated
the end-to-end behavior of the platform under real-world conditions, including multiple
simultaneous connections, room creation, location streaming, and user
disconnections.

3. Overall, the project successfully demonstrates the feasibility and effectiveness of a
browser-based real-time biker tracking solution. The system achieves its core goals
of ensuring live visibility of all bikers in a group, maintaining accurate updates, and
providing a reliable communication channel between frontend and backend
components. The modular structure and extensible design of the platform lay a strong
foundation for future enhancements such as geofencing alerts, ride analytics, safety
notifications, chat systems, and multi-device synchronization. The successful
implementation and testing of Maarga confirm its potential as a practical and scalable
platform for enhancing safety and coordination in group biking activities.
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Future Scope:

1.

The real-time biking group tracking system can be further enhanced with several
advanced features to improve safety, scalability, and user experience. One major
improvement could be the integration of Al-based predictive analytics to identify risky
riding patterns, such as sudden speed drops, unusual route deviations, or frequent
stops, and proactively alert the group. The system can also incorporate machine
learning models to predict potential hazards based on historical ride data, weather
conditions, and traffic patterns.

Integration with loT-enabled smart wearables or bike-mounted sensors could allow
automatic accident detection by monitoring parameters like sudden impact, abnormal
tilt angle, or heart rate irregularities. In such cases, the system could automatically
trigger emergency alerts and share the rider’s live location with predefined contacts.
Future versions could include offline tracking support using local data caching and
delayed synchronization to handle areas with poor internet connectivity. The platform
could also be expanded to support route optimization, suggesting safer or less
congested paths based on real-time traffic and terrain information.

Adding voice-enabled commands would allow riders to interact with the app hands-
free, improving usability and safety while riding. The system could also include group
performance analytics, providing insights such as average speed, distance covered,
elevation changes, and ride history visualization.

. To enhance scalability, the application could be extended to support large biking

events, marathons, or delivery fleet tracking. Integration with third-party fitness
platforms like Google Fit or Strava could provide comprehensive activity tracking.
Security features such as end-to-end encryption, role-based access control, and
temporary location sharing links can further improve data privacy.

Additionally, incorporating augmented reality (AR) navigation, voice alerts, and smart
notifications could significantly improve user engagement and situational awareness.
With continuous advancements in mobile computing, geospatial technology, and Al,
the system has strong potential to evolve into a comprehensive smart mobility safety
platform.
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