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ABSTRACT

College transportation is a daily necessity for many students, yet it is still commonly managed through manual records, telephone calls and scattered messages,
which leave students with little reliable information about where their bus is or when it will arrive. This paper presents SmartBus, a college bus management and
live tracking system that brings bus, driver, route and schedule information into one centralized application. Administrators maintain transportation records, students
view their assigned bus and route, and a dedicated live-tracking page shows the last reported bus position on a digital map whenever a valid location feed is
available. The system follows a modular architecture in which the user interface communicates with backend services that process requests and retrieve stored data,
and location information is supplied by a GPS-enabled device or compatible tracking service. The tracking page is designed to distinguish a freshly received position
from an outdated one, so that it never presents an old location as current. The current development work centres on the bus management application and its tracking
interface. No performance benchmark or user study has been completed, so this paper makes no quantitative claims; instead it states the limitations of the prototype
and proposes an evaluation protocol covering functional testing, location-update verification, usability and performance. Planned extensions include automated
notifications, attendance management, route optimization, estimated arrival times and enhanced reporting.

Keywords: SmartBus, College Bus Management, Live Bus Tracking, GPS, Transportation Management, Route Management, Web Application, Real-
Time Monitoring.

1. INTRODUCTION

Transportation is an essential service for colleges, which often operate several buses over different routes to serve students from many locations. Running
these services requires coordination between the administration, drivers and students. In a conventional setup, route details, bus assignments, driver
information and schedules are kept in spreadsheets, paper records or separate communication channels, and students have limited visibility into the current
location of their bus. They may have to call drivers or other students for updates, which leads to uncertainty, unnecessary waiting and inaccurate records.
Administrators face similar difficulties when updating routes, monitoring several buses and announcing schedule changes.

The problem addressed here is the lack of a centralized and accessible system for managing college bus operations and providing timely information
about bus locations. The conventional approach presents seven main difficulties: limited visibility of bus locations; manual upkeep of bus, driver, route
and schedule data; delayed communication of route or timing changes; difficulty finding the right bus and route information; dependence on telephone
calls for updates; limited centralized access to records; and no common interface for monitoring several buses.

This paper presents SMART BUS - College Bus Tracking & Management System, a web application that organizes transportation information and
provides a foundation for live bus monitoring. Its main objectives are:

1. Todevelop a centralized college bus management application that organizes bus, driver, route and schedule information.
2. To provide an interface for viewing bus details and assigned routes.
3. Todevelop a live-tracking page that displays bus location information when a valid location feed is available.

4. Toimprove communication between transportation administrators and students and to reduce the manual effort of maintaining and retrieving
records.

5. To provide a modular, maintainable architecture that supports future features such as notifications, attendance monitoring and route
optimization.
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The system is organized around three user groups. The administrator maintains bus, driver and route records according to the permissions implemented
in the application. The student views the assigned bus and route and opens the live-tracking interface when it is enabled. The driver is associated with
operational bus information and, if driver login and location sharing are included in the implemented version, supports location reporting. The available
permissions and features must correspond to the completed application. The principal contribution of the project is the integration of transportation
information management with a dedicated tracking interface in one environment, which can be extended without redesigning the application.

The remainder of the paper is organized as follows. Section Il reviews related work. Section 111 describes the methodology and architecture. Section 1V
details the implementation of each module. Section V summarizes the advantages of the approach. Section V1 reports the development status, limitations
and evaluation protocol. Sections VII and VIII present the conclusion and future work.

Il. LITERATURE SURVEY

Intelligent transportation systems, vehicle tracking, public transport management and web-based information systems have been studied extensively, and
this body of work provides the foundation for a centralized college transportation application.

Intelligent Transportation Systems. Intelligent Transportation Systems (ITS) use information technology, communication systems and data processing
to improve transportation operations, including vehicle monitoring, traffic management, route planning and passenger information services. Sussman [1]
discusses the role of ITS in modern transportation and the integration of information systems with transportation infrastructure. SmartBus applies this
general concept to an educational institution by concentrating on bus information, route details and access to tracking information.

Transit Operations and Traffic Dynamics. Daganzo [2] proposed the cell transmission model, a dynamic representation of highway traffic flow.
Although it addresses traffic rather than transit scheduling, it shows how traffic conditions govern vehicle travel times, which is why delays arise and
why arrival estimates must account for them. Vuchic [5] examined the characteristics, planning and operation of urban public transportation, where
efficient service depends on appropriate routes, service organization and operational coordination. A college bus network is smaller than an urban network,
but similar principles apply, and a structured representation of routes and assigned buses makes information easier to maintain and retrieve.

GPS-Based Vehicle Tracking. The Global Positioning System (GPS) lets compatible devices estimate their position from satellite signals [6], [7]. When
location data is transmitted to an application, the vehicle position can be shown on a digital map. Zito, D’Este and Taylor [3] investigated the usefulness
of GPS in intelligent vehicle-highway systems, which gives a research basis for applying it to transportation monitoring. In SmartBus a GPS-enabled
device can supply coordinates to the backend or tracking service, and the application displays the most recent available position. GPS coordinates alone
do not guarantee continuous tracking, because communication availability, update frequency and device permissions also influence the service.

Automatic Vehicle Location and Transit Data. Furth et al. [4] documented the use of archived automatic vehicle location and passenger-count data for
transit performance analysis. Automatic Vehicle Location (AVL) systems determine vehicle positions over time, so a location history can support more
than a map display: with suitable data collection it can help analyse delays, route adherence and service reliability. SmartBus should not be regarded as a
complete AVL analytics system unless these capabilities are implemented.

Digital Maps and Geolocation. Geographic Information Systems (GIS) represent geographical features and support spatial visualization. In a live-
tracking application, a map can show the last reported position of a bus and its relationship to known routes or landmarks. Open map data such as
OpenStreetMap [12] or a commercial platform such as Google Maps [15] is one possible source, and the W3C Geolocation API [11] defines how a
browser-based client can obtain a device position. The exact mapping technology is a design choice of the implementation.

Web-Based Information Management. A client-server architecture separates the presentation layer from backend processing and data storage, which
simplifies the maintenance of user interfaces, validation rules and records. The REST architectural style [10] is a common basis for such separation, and
in SmartBus the same principle serves administrator and student interfaces from a common source of bus information. The OWASP Top 10 [13] lists the
most common web application risks and serves as a checklist for access control and input validation.

Gaps Identified. The reviewed work addresses transportation operations, GPS positioning, vehicle-location systems and transit planning separately.
SmartBus applies related principles to a college environment, combining record management with an accessible tracking interface. Six design
requirements emerge: centralized transportation information; clear presentation of bus and route details; a location display connected to a valid source of
coordinates; appropriate access control for each user role; reliable handling of missing, delayed or unavailable information; and a modular design that
supports future features.

I1l. PROPOSED METHODOLOGY

SmartBus follows a modular application architecture in which users interact with a frontend interface, requests are processed by backend services, and
transportation information is retrieved from a database or external service. Live tracking additionally requires a source of vehicle coordinates, which may
be a GPS-enabled device or another authorized location provider. The system is designed around four activities: maintaining transportation records,
retrieving and displaying bus and route information, obtaining and presenting location updates, and validating requests while controlling access to
protected information.
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System Architecture. The architecture has four layers. The presentation layer contains the screens used by administrators and students and presents bus
information, route details, navigation controls and the live-tracking page. The application layer processes requests, validates input, applies business rules
and coordinates the frontend, database and location source. The data layer stores user accounts, buses, drivers, routes, schedules and assignments,
depending on the implementation. The location service, a GPS-enabled device or compatible tracking service, supplies coordinates and timestamps. It is
a necessary dependency for genuine live tracking: a map showing a fixed or sample marker does not by itself demonstrate real-time tracking.

Workflow. The user opens the application and is shown the screens permitted by the implemented navigation and access rules. An authorized
administrator maintains transportation records, and the student accesses the relevant bus or route information and opens the live-tracking page. The
application requests location information from the configured tracking source, processes the received coordinates and timestamp, and displays them. The
interface states whether location information is available and sufficiently recent; if the tracking source is unavailable, it shows an appropriate status
instead of implying that an old location is current. Authentication, role-specific permissions and driver-side location reporting depend on those modules
being present in the final implementation.

Bus Management. This module maintains the vehicles used by the institution. Potential data fields are the bus identification number, registration number,
assigned route, seating capacity, operational status and associated driver. The administrator interface can add, view, update and remove bus records,
subject to the permissions and validation rules of the application.

Route Management. This module organizes the routes followed by college buses. A route record may contain a route identifier, route name, list of stops
and associated bus, and, if the database supports it, the stop order and planned timings. Structured route records reduce duplication and make it easier to
associate buses with the routes they serve.

Live Bus Tracking. A tracking device obtains the geographical coordinates of the bus and transmits them to the application through a configured
communication mechanism, and the tracking interface converts them into a marker on a digital map. A location record contains the bus identifier, latitude,
longitude and the timestamp of the measurement, with optional speed or heading if the device supplies them. The frontend can refresh the position
periodically or receive updates through a real-time communication mechanism. The system must distinguish a newly received position from an older
stored one and display a stale-location warning when the last update is too old. The update frequency and communication mechanism are to be selected
and tested during implementation.

Data Model. The logical data model has seven entities: the user (account and profile information, where accounts are supported), the bus (vehicle
information), the driver (driver details, where driver records are implemented), the route, the stop (route stops and their ordering, if supported), the bus
assignment (association of a bus with a route or driver) and the location update (coordinates and timestamps, when tracking history is required). The
actual database structure may differ from this proposal, and the entities should not be read as evidence that every table or collection is already
implemented.

Security and Validation. User input is validated before changes to transportation records are accepted, administrative operations are restricted to
authorized users, and sensitive information is not exposed through public interfaces. Location updates should be associated with an authorized bus or
tracking device, and validation must also run on the server because frontend checks alone can be bypassed. Secure credential handling, access-control
checks and appropriate error handling complete the protections.

IV.SYSTEM IMPLEMENTATION

The methodology is realized as a web application with the following modules.

Development Environment. The application is developed in a JavaScript-based workflow and started through npm project scripts. A JavaScript runtime
such as Node.js [14] is a typical basis for the backend, and a relational database such as PostgreSQL [16] is a typical choice for persistence. The roles are
as follows: the frontend renders screens and handles interaction through standard client-side web APIs [17]; the backend or API processes requests and
applies application rules; the database persists transportation records; the mapping service displays coordinates on a map; and the location source supplies
coordinates and timestamps.

User Interface Module. The interface provides navigation between the available features and presents transportation information clearly, allowing each
user to perform the actions their permissions support. A consistent interface includes meaningful labels, loading indicators, validation messages and
suitable responses to failed requests.

Administrative Management Module. This module centralizes the maintenance of bus and route information and, where implemented, lets authorized
users create or modify records and review transportation data. Validation prevents incomplete or inconsistent information from being stored; for example,
a bus assignment must refer to an existing bus and route.

Bus and Route Information Module. This module retrieves bus details and route information from the configured data source, displays them in a
readable format and reflects updates made through authorized management operations. Its quality depends on the consistency of the stored data and the
reliability of communication between the interface and the backend.

Live-Tracking Module. The live-tracking page gives a visual representation of the geographical position of a bus. It identifies the bus to be tracked,
requests the latest available location, validates the returned coordinates and timestamp, displays the position on the map, refreshes it according to the
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configured update mechanism, and handles missing, invalid or outdated data. If tracking is temporarily unavailable, an appropriate status is shown. The
page communicates the freshness of the displayed location and does not imply real-time movement unless updates are actually being received. Route or
stop markers may be added where the map service and route data support them.

Backend and API Integration. If a separate backend is used, the frontend communicates with it through AP requests that retrieve transportation records,
submit updates and obtain the latest bus location [10]. The backend validates request parameters and enforces authorization rules before changing stored
information, and handles unavailable services, invalid requests and missing records in a predictable manner.

Database Integration. The database provides persistent storage, and relationships and validation rules preserve consistency between buses, drivers,
routes and assignments. If location history is required, timestamped coordinates are stored; if only the latest position is needed, a lighter storage approach
may be used.

Error Handling. The application handles an unavailable backend, records that are not found, invalid input, map or location-service failures, missing
coordinates, delayed location updates and network interruptions. Clear status messages tell users whether a problem concerns the application, the network
or the availability of tracking data.

Testing Methodology. The following tests are proposed for the completed system. They are proposed test cases, not claims that all tests have passed.
Open the application: the initial screen loads correctly.

Retrieve bus and route details: valid bus information and the correct route are displayed.

Open the tracking page: the tracking interface loads.

Receive valid coordinates: the marker reflects the reported location.

Receive no coordinates: the interface indicates that tracking data is unavailable.

Receive an old timestamp: the interface identifies the location as outdated.

Submit invalid input: the request is rejected with an appropriate message.

Attempt an unauthorized update: the operation is denied.

Interrupt network access: the application handles the failure without crashing.

V. ADVANTAGES

1. Centralized Transportation Information. A common digital environment replaces scattered documents and separate communication channels.

2. Improved Location Visibility. When connected to a functioning GPS or location service, the tracking interface helps students find the last reported
position of their bus.

3. Reduced Manual Coordination. Centralized access to bus and route information may reduce repeated inquiries about assignments and timings.
4. Better Accessibility. A web-based interface makes information available from supported devices without consulting several records.
5. Improved Data Organization. Structured bus and route records are easier to retrieve, update and maintain.

6. Extensibility. A modular architecture lets future features be developed independently, provided that the existing interfaces and data structures support
integration.

7. Support for Decision-Making. If reliable location history and operational records are collected, the system may later support analysis of route
performance, delays and usage.

8. Communication Potential. The application is a foundation for notifications about delays, route changes or service disruptions. These advantages
describe the intended benefits of the design, and their actual impact must be assessed through testing and user feedback.

VI. RESULTS AND ANALYSIS
This section reports the development status, the limitations and the proposed evaluation. No benchmark, GPS record or user study has been completed,
so no numerical performance results are claimed and no claim is made that end-to-end real-time tracking has been demonstrated.

A. Development Status. A college bus management application is under development, and recent work has concentrated on the live-tracking page. A
verified feature inventory, test logs and screenshots are still to be recorded.
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B. Functional Analysis. Functional testing should verify that each implemented module meets its requirements. Bus and route information should be
consistent across screens, and updates should appear correctly once saved. A map marker is valid evidence of tracking only when it corresponds to a real
location record: a static marker or demonstration coordinate can validate the map interface but cannot establish that live tracking works end to end.

C. Live-Tracking Analysis. The tracking module should be assessed with actual location data from a configured device or service. The key factors are
update delay (time between measuring and displaying a location), location accuracy (difference from a suitable reference position), update continuity
under normal network conditions, data freshness, and failure recovery after a temporary interruption. These measures distinguish a functioning tracking
system from a page that only displays map elements.

D. Performance Analysis. Response times should be examined under normal use and under increasing request loads, identifying whether delays arise in
the frontend, backend, database, network or external mapping service. Measurements should come from repeatable tests documented with their conditions.

E. Limitations. (i) Genuine live tracking depends on an operational location source and a reliable update mechanism. (ii) Location accuracy varies with
the device, environment and positioning conditions. (iii) Network interruptions can delay or prevent updates. (iv) A map interface alone is no evidence
of route optimization or arrival-time prediction. (v) The completeness of bus, driver and route information depends on the data maintained by the
institution. (vi) Security and access control must be validated against the actual implementation. (vii) The effectiveness of the system cannot be quantified
without test results and user evaluation.

F. Proposed Evaluation Protocol. Each component should be evaluated against a defined reference, as listed below.
Application functionality: number of functional test cases passed.

Bus and route management: successful creation, retrieval and updating of valid records.

Live tracking: successful receipt and display of actual location updates.

Location freshness: time elapsed between location measurement and display.

API performance: response time for representative requests.

Error handling: correct handling of network and service failures.

Access control: results of authorized and unauthorized operation tests, following the OWASP Top 10 [13].
Usability: feedback from representative users.

G. Discussion. SmartBus addresses a practical transportation-management problem by combining structured bus information with a dedicated tracking
interface, which can improve access to transportation information and provide a foundation for real-time monitoring. The quality of the final system
depends on the integration of the frontend, data services and location source, and the tracking interface must distinguish current information from
unavailable or outdated data. The project should therefore be evaluated as an integrated system rather than as a collection of screens, and functional
testing, location verification, security checks and usability assessment are required before conclusions are drawn about its effectiveness.

VII. CONCLUSION

This paper presented SMART BUS — College Bus Tracking & Management System, an application that brings bus details, route information and a live-
tracking interface into one digital platform. It aims to reduce dependence on manual information retrieval, simplify the management of transportation
records and give students a convenient way to access information about their bus. Its modular architecture leaves room for additional transportation
features in later versions.

The live-tracking component is the most important part of the system, since it can provide useful geographical information when connected to a reliable
location source. Its effectiveness depends on the accuracy, freshness and availability of the received coordinates and on correct handling of network and
service failures. The project is a developing solution rather than a validated product: the completed feature set and measured performance still have to be
verified through systematic testing, and we have therefore stated its limitations and proposed an evaluation protocol.

VII. FUTURE WORK
Enhanced Live Tracking. Reliability can be improved with a dedicated GPS-enabled device or a secure location-sharing application, together with
displayed timestamps, update status and warnings when the reported position becomes outdated.

Estimated Time of Arrival. ETA can be introduced using the current location, route geometry, traffic conditions and historical travel times, and should
be validated against observed arrivals.

Push Notifications. Notifications can inform students about delays, route changes and cancellations, and should be connected to verified operational
events.

Route Optimization. Route optimization can be investigated using student locations, road networks, vehicle capacity and travel-time constraints [8], [9],
which requires an appropriate optimization model and reliable input data.
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Attendance Management. Boarding and departure events could be recorded through authorized QR codes, RFID devices or another institution-approved
mechanism, with controlled access to attendance records.

Driver and Vehicle Monitoring. Driver and vehicle modules can be extended with trip status, vehicle availability, maintenance schedules and operational
records, if the institution requires them.

Historical Route Analytics. Storing timestamped location records would let administrators study route performance, delay patterns and travel-time
variations.

Security and Privacy. Further work should include access-control testing, secure communication, appropriate retention of location records and clear
restrictions on who can view student and driver information.

Automated Testing, Deployment and Scalability. Automated tests can cover the principal workflows, AP1 validation, database operations and tracking-
state transitions, with integration and load testing before deployment. The application can then be prepared for institutional use through production
hosting, monitoring, backups and recovery procedures.
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