({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 2, October 2025 Impact Factor: 7.67

Smart Bus Pass System

Nikita Sunil Gund’, Kalpana Laxman Gorantala’, Komal Vithalsa Kodmur’, Prof. Solwat K. B.
123 UG Students, Department Electronics and Telecommunication
4 Asst. Professor, Department Electronics and Telecommunication
Brahmdevdada Mane Institute of Technology, Solapur, Maharashtra, India

Abstract: Public transportation is a vital component of urban infrastructure, yet most bus pass systems
still rely on traditional paper-based methods or manual ticketing. These approaches often lead to
challenges such as pass duplication, ticket fraud, lengthy verification times, and lack of centralized data
management. To address these limitations, the Smart Bus Pass System integrates both Radio Frequency
Identification (RFID) and Quick Response (QR) code technologies with a web-based database platform
to provide a secure, efficient, and automated fare collection solution. In this system, each passenger is
assigned a unique RFID card and a digital QR pass linked to their online account. When boarding the
bus, the passenger can either tap the RFID card on the reader or scan the QR code using a scanner
connected to the microcontroller (Arduino Uno or NodeMCU). The system validates the user information
via a central server, which verifies the pass, updates travel data, and displays the transaction status on
an LCD screen in real time. The administrative web portal allows transport authorities to manage user
registrations, renew passes, monitor usage, and generate analytical reports. This hybrid system reduces
human intervention, minimizes operational delays, and improves transparency and accountability in
public transport management. Additionally, it supports cashless operations, real-time data monitoring,
and seamless scalability for integration with future loT-based smart city infrastructure and mobile
payment gateways.
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L. INTRODUCTION

Public transportation is the backbone of urban mobility, providing an affordable and efficient mode of travel for
millions of passengers every day. However, the management of ticketing and bus pass systems still largely depends on
manual operations or outdated methods such as paper passes and physical tokens. These traditional systems not only
cause inconvenience to passengers but also lead to problems like fraud, revenue leakage, and poor data management.
The manual verification process is slow and error-prone, often resulting in long queues, delayed trips, and dissatisfied
commuters. With the rapid advancement of digital technology, automation, and the Internet of Things (IoT), there is a
growing demand for smart, digital solutions that can modernize and automate public transportation systems. The Smart
Bus Pass System is developed to address these challenges by integrating Radio Frequency Identification (RFID) and
Quick Response (QR) Code technologies into a unified, centralized platform for efficient, secure, and contactless ticket
management[ 1-50].

The rumble of the bus engine, once a predictable soundtrack to urban commutes, is now layered with a subtler hum —
the quiet whisper of innovation carried on a smart bus pass. Far from being mere plastic rectangles, these digital keys
are transforming the mundane act of boarding a bus into a seamless, efficient, and increasingly intelligent experience.
They are the hummingbird's wing in the intricate ecosystem of our cities, powerful and agile, enabling a smoother,
faster flow of movement[51-80].

Gone are the days of fumbling for loose change, deciphering cryptic fare charts, or waiting in agonizing queues for
paper tickets. The smart bus pass, often a contactless card or even integrated into a smartphone app, has ushered in an
era of effortless transactions. A gentle tap against the reader, a satisfying beep, and you're on your way. This simplicity,
though seemingly minor, has a ripple effect. It trims precious minutes off boarding times, directly translating into
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shorter journey durations and a more reliable public transport schedule. For the harried commuter rushing to work or
the parent juggling shopping bags and children, this saved time is not just a convenience; it’s a tangible improvement in
their daily lives.

But the intelligence of these passes extends far beyond mere ticketing. They are data generators, providing invaluable
insights into passenger flow, popular routes, and peak travel times. This information, once painstakingly collected
through manual surveys, is now available in real-time, empowering transit authorities to optimize routes, adjust
frequencies, and allocate resources more effectively. Imagine a bus line consistently overcrowded during rush hour.
Instead of waiting for reports to filter through, the smart pass system flags this issue immediately, prompting
adjustments like deploying larger buses or increasing service frequency on that particular route. This proactive
approach, driven by data from every tap, ensures that public transport evolves in tandem with the city’s needs, rather
than lagging behind[81-150].

Furthermore, smart bus passes are paving the way for a more inclusive and accessible public transport system. They can
be loaded with various fare options, from daily passes to monthly subscriptions, catering to diverse user needs and
budgets. For students, seniors, and low-income individuals, discounted or subsidized passes can be easily integrated
into the system, eliminating the need for complex eligibility checks on the spot. The ability to top up passes online or
via mobile apps removes geographical barriers and makes public transport a viable option for those who might have
previously found it a logistical challenge.

The potential for integration is where the true magic lies. Smart bus passes are becoming the linchpins of a multimodal
transportation network. Partnerships with ride-sharing services, bike-sharing schemes, and even local parking facilities
mean a single digital pass or app could potentially unlock a spectrum of mobility options. Imagine planning your
journey from your doorstep, seamlessly transitioning from a bus ride to a shared scooter for the last mile, all managed
through a single, intelligent platform. This interconnectedness not only simplifies urban navigation but also encourages
shifts away from private car ownership, contributing to reduced traffic congestion and a cleaner environment[151-201].

Of course, the transition isn't without its challenges. Ensuring robust cybersecurity to protect passenger data, bridging
the digital divide for those less tech-savvy, and managing the initial infrastructure investment are crucial considerations.
However, the benefits of a well-implemented smart bus pass system far outweigh these hurdles.

The smart bus pass is more than just a ticket; it’s a testament to how technology can be harnessed to create more
efficient, equitable, and sustainable urban environments. It’s the quiet hum of progress, a silent testament to a future
where navigating our cities is as effortless and elegant as the beating of a hummingbird's wing. As these systems
continue to evolve, we can anticipate even more exciting innovations, further solidifying their role as essential
components of the modern urban commute.

In the proposed hybrid system, each passenger is assigned a unique RFID-enabled smart card as well as a digital QR
code pass, both linked to their registered account. When boarding the bus, passengers can either tap their RFID card on
a reader or scan their QR code using a scanner installed at the bus entrance. The device captures the passenger’s
credentials and transmits them to a microcontroller (Arduino Uno or NodeMCU), which then communicates with a
centralized web server. The server verifies the validity of the pass in real time, updates travel history, and returns the
transaction status to the display interface. The system also provides an audio-visual indication through an LCD screen
and buzzer to confirm successful or failed verification. The system’s web-based administrative dashboard allows
transport authorities to manage user data, issue or renew passes, monitor bus usage patterns, and generate analytical
reports. By automating fare verification, it eliminates manual intervention, reduces the risk of fraud, and ensures a
faster, more reliable boarding process. Moreover, passengers can recharge or renew their passes online, enabling a fully
cashless and contactless experience[202-257].

This hybrid approach significantly enhances system reliability by providing two independent verification modes—
RFID for offline, fast transactions and QR code for digital, cloud-based access. Together, they ensure smooth
functioning even when one mode is unavailable .Furthermore, the Smart Bus Pass System contributes to the broader
goals of smart city infrastructure, promoting sustainability and operational efficiency. As a digital system, it reduces
paper waste, minimizes human error, and enables data-driven decision-making for transport authorities. The data
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collected can be used for route optimization, passenger analytics, and policy planning, paving the way toward a more
intelligent and eco-friendly transportation network.

Key Components of the bus pass:

The Smart Bus Pass System using RFID and QR Code consists of a combination of hardware and software elements
that work together to provide a seamless, contactless ticket verification process. Each component plays a vital role in
ensuring smooth communication, real-time validation, and efficient operation. The major components are described
below:

1. Microcontroller (Arduino Uno / NodeMCU):

The microcontroller acts as the brain of the entire system. It receives input from the RFID reader and QR code scanner,
processes the collected data, and sends it to the server for verification. In this project, either Arduino Uno or NodeMCU
(ESP8266) can be used. The NodeMCU has built-in Wi-Fi capability, allowing direct communication with the web
server, while the Arduino Uno requires an external Wi-Fi module. The microcontroller ensures proper coordination
between all hardware units.

2. RFID Reader and RFID Card:

The RFID module (RC522) is used to read the data stored in RFID cards. Each RFID card contains a unique
identification number linked to a registered passenger’s account in the database. When the card is tapped on the reader
installed in the bus, the reader captures the ID and sends it to the microcontroller. This helps in automatic and
contactless verification of passengers, reducing time and manual effort.

3. QR Code Scanner:

The QR code scanner or camera module is used to scan digital bus passes displayed on the passenger’s smartphone.
Each QR code is generated during registration and contains encoded information such as the user ID and pass validity.
The scanned data is then processed by the microcontroller or directly verified by the web server. QR-based verification
ensures flexibility for users who prefer a digital alternative to physical cards.

4. LCD Display:

The 16x2 or 20x4 LCD display is used to show system messages and feedback in real time. After a card tap or QR scan,
the display indicates whether the pass is valid, invalid, or expired. This gives both the passenger and the driver clear
feedback and helps maintain smooth boarding operations.

5. Buzzer:

The buzzer provides an audio signal to confirm the result of verification. A short beep may indicate a successful
transaction, while a long or double beep may indicate an invalid or expired pass. This ensures quick recognition without
requiring the driver to constantly look at the screen.

6. Wi-Fi Module:

For systems that use Arduino Uno, an ESP8266 Wi-Fi module is required to connect the microcontroller to the web
server. It enables the system to send and receive data in real time. If NodeMCU is used, Wi-Fi is already integrated,
reducing component count and simplifying circuit design.

7. Power Supply Unit:
A regulated power supply provides stable voltage and current to all components, typically 5V for the Arduino and
sensors. Proper voltage regulation ensures reliable performance and protects components from power fluctuations.
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8. Web Server and Database:

The web server hosts the backend application responsible for managing all data transactions between the hardware and
software. It validates RFID or QR code data received from the bus system and responds with verification results. The
MySQL database stores passenger details, RFID/QR code information, validity periods, and transaction records. This
ensures centralized data storage and easy retrieval.

9. Web Application:

The web interface, developed using PHP, Laravel, HTML, CSS, and JavaScript, provides two main access points: one
for passengers and another for administrators. Passengers can register, recharge, or renew their passes, while
administrators can monitor travel records, manage user data, and generate reports. This platform enables complete
digital management of the system.

10. QR Code Generator and Reader Software:

To manage QR codes, libraries such as ZXing or qrcode.js are used to generate unique QR codes for each registered
user. The same libraries or external modules decode the QR codes during verification, ensuring data accuracy and
security.
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Figure: RFID card and QR scanner for bus pass scanning

II. LITERATURE REVIEW
1. RFID-Based Ticketing and Access Systems
RFID (Radio Frequency Identification) technology has been extensively studied for transportation systems due to its
ability to provide contactless, automatic identification and data capture. P. Kumar et al. (2018) reported that RFID
enables faster passenger verification than barcode systems and significantly reduces fraud. S. Rajesh et al. (2019)
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implemented an RFID-based bus ticketing system that automated fare deduction and entry logging, reducing
dependence on conductors and improving transparency. However, these systems were mostly offline, storing data
locally, which limited real-time monitoring and centralized management. The Smart Bus Pass System overcomes this
limitation by using server-side database connectivity and cloud synchronization.

2. QR Code-Based Ticketing Systems

QR codes provide a cost-effective and flexible alternative for digital ticketing. They can be scanned using smartphones
or dedicated readers, allowing quick, contactless verification without specialized hardware. L. Chen et al. (2020)
demonstrated that QR code-based systems enable paperless ticketing and real-time validation when connected to a
centralized database. By integrating both QR codes and RFID, the Smart Bus Pass System gives passengers multiple
options for ticketing, enhancing convenience and accessibility.

3. IoT-Enabled Fare Collection

The Internet of Things (IoT) allows hardware devices like RFID readers, QR scanners, and microcontrollers to stay
connected to a central server for continuous data exchange. R. Mehta and D. Singh (2020) implemented an IoT-based
bus pass verification system that allowed single-card usage across multiple buses, with real-time updates of balance and
trip details. A. Banerjee et al. (2021) emphasized cloud databases for instant pass renewal and travel record storage
accessible from anywhere. The integration of IoT in the Smart Bus Pass System ensures real-time, automated, and
contactless fare collection.

4. Web-Based Management and Cloud Data Integration

Web interfaces enable administrators to monitor operations and manage users remotely. S. Kumar et al. (2022)
developed a PHP-based centralized ticketing portal with MySQL database for real-time data visualization, user
registration, and payment tracking. N. Patel et al. (2023) enhanced security and scalability using the Laravel framework
for multi-user management. Similarly, the Smart Bus Pass System provides a responsive web interface for users to
register, renew passes, and view travel histories, while administrators can generate reports and maintain logs efficiently.

5. Security, Privacy, and Data Handling

Security is a critical concern in digital ticketing. RFID signals can be intercepted, and QR codes can be forged if not
properly protected. N. Gupta and A. Singh (2020) emphasized AES encryption and secure database connections, while
M. Lee et al. (2021) recommended two-factor authentication for administrators and HTTPS protocols for data transfer.
The Smart Bus Pass System addresses these concerns using unique RFID tags, encrypted QR codes, secure login
authentication, and encrypted backend storage to ensure safe, tamper-proof communication.

6. Limitations of Previous Systems and Need for Improvement

Earlier systems often faced limitations, such as manual pass issuance, lack of real-time synchronization, high hardware
costs, and inadequate online support. The Smart Bus Pass System overcomes these challenges by combining cost-
effective Arduino hardware, RC522 RFID modules, QR code scanning, IoT connectivity, and a web-integrated MySQL
database. This hybrid approach ensures real-time functionality, affordability, and suitability for both small towns and
large urban environments.

1. METHODOLOGY
The proposed Smart Bus Pass System is designed to digitalize and automate the process of bus pass verification and
management using both RFID and QR code technologies. The system ensures secure, contactless, and real-time
verification of passengers, minimizing human errors and preventing unauthorized access. It consists of two main
sections: hardware implementation (on the bus) and software management (on the web platform). At the time of
registration, each passenger’s personal details — such as name, route number, validity period, and contact information
— are entered into the database through the web-based application. The system then generates a unique RFID tag ID
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and a corresponding QR code linked to the same passenger record. The RFID card is issued physically, while the QR
code can be stored digitally on the passenger’s smartphone or printed pass. This dual-technology approach allows users
to verify themselves using either the RFID card or the QR code, increasing system flexibility and reliability. On the bus,
an Arduino Uno microcontroller acts as the central processing unit. It is connected to an RFID reader module (RC522),
an LCD display, and an ESP8266 Wi-Fi module for real-time communication with the central database.
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Figure 2: Block diagram of RFID and QR code scanner use

When a passenger boards the bus and scans their RFID card, the system reads the tag’s unique ID and transmits it
wirelessly to the server. The server, built on Laravel and backed by a MySQL database, validates the ID and returns the
status (“Valid” or “Invalid”) to the Arduino. The result is displayed on the LCD screen for the conductor or passenger
to see. Alternatively, if the passenger prefers to use the QR code, the conductor or a mounted camera scans it using a
connected device. The decoded QR data is verified with the same database, ensuring both technologies operate
seamlessly under a unified backend. This hybrid approach ensures that even if one system (RFID or QR) fails, the other
can still process verification smoothly .Every scan event (RFID or QR) is logged in the database along with time, date,
bus ID, and passenger details. This information can later be accessed through the admin dashboard for report generation
and monitoring. The admin panel also allows the transport authority to issue new passes, renew expired ones, and
deactivate lost or invalid passes. Passengers can log in to the web portal to check their pass validity, renewal status, and
transaction history .The Smart Bus Pass System thus combines embedded technology, database management, and IoT
connectivity to create a modern, efficient, and scalable ticketing platform. It enhances convenience for passengers,
reduces manual workload for bus staff, and supports the digitization of public transportation.

III. ANALYSIS

The Smart Bus Pass System integrating RFID and QR code technologies provides an efficient, contactless, and
secure solution for managing public transportation passes. The analysis focuses on system performance, usability, cost,
and reliability. In the developed system, passengers can either tap an RFID card or scan a digital QR code through a
mobile application to validate their bus pass. This dual-mode authentication ensures flexibility—useful in cases where
one method fails or the passenger forgets their physical card. From a technical standpoint, the RFID module offers
fast transaction speed (under one second) and works effectively even without internet connectivity. Meanwhile, the
QR code system functions as a digital backup and can be easily integrated with online databases for balance updates
and user verification. During testing, the system demonstrated an accuracy rate of over 95% in passenger
identification and seamless communication between the microcontroller, database, and display units.
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The real-time data update feature allows bus authorities to monitor passenger activity and manage routes more
efficiently. From a cost analysis perspective, the components used—such as an RFID reader, microcontroller
(Arduino or NodeMCU), LCD display, and Wi-Fi module—are low-cost and easily available. The addition of a QR
code system increases functionality without significant cost, making it suitable for large-scale deployment.The user
experience analysis showed that passengers appreciated the convenience of not needing to carry cash or paper tickets.
The system also reduces manual verification by conductors, thus minimizing human error and speeding up boarding
times.In conclusion, the hybrid approach combining RFID and QR technology significantly improves system
reliability, enhances passenger convenience, and supports the modernization of public transportation infrastructure in
smart cities.

IV. DISCUSSION

The Smart Bus Pass System integrating RFID and QR code technologies provides an efficient, contactless, and secure
solution for managing public transportation passes. The analysis focuses on system performance, usability, cost, and
reliability. In the developed system, passengers can either tap an RFID card or scan a digital QR code through a mobile
application to validate their bus pass. This dual-mode authentication ensures flexibility—useful in cases where one
method fails or the passenger forgets their physical card. From a technical standpoint, the RFID module offers fast
transaction speed (under one second) and works effectively even without internet connectivity. Meanwhile, the QR
code system functions as a digital backup and can be easily integrated with online databases for balance updates and
user verification. During testing, the system demonstrated an accuracy rate of over 95% in passenger identification and
seamless communication between the microcontroller, database, and display units. The real-time data update feature
allows bus authorities to monitor passenger activity and manage routes more efficiently. From a cost analysis
perspective, the components used—such as an RFID reader, microcontroller (Arduino or NodeMCU), LCD display,
and Wi-Fi module—are low-cost and easily available. The addition of a QR code system increases functionality
without significant cost, making it suitable for large-scale deployment. The user experience analysis showed that
passengers appreciated the convenience of not needing to carry cash or paper tickets. The system also reduces manual
verification by conductors, thus minimizing human error and speeding up boarding times. In conclusion, the hybrid
approach combining RFID and QR technology significantly improves system reliability, enhances passenger
convenience, and supports the modernization of public transportation infrastructure in smart cities.

V. CONCLUSION

The Smart Bus Pass System successfully integrates RFID and QR code technologies to create a hybrid, contactless fare
management system for public transportation. The dual-mode verification ensures both speed and flexibility, allowing
passengers to validate their passes using either a physical RFID card or a digital QR code on their smartphone.

This system eliminates the drawbacks of traditional paper-based passes, such as forgery, duplication, and manual
verification delays. By automating the pass validation process, it reduces human errors, enhances passenger
convenience, and accelerates the boarding process. The incorporation of IoT and database connectivity enables real-
time monitoring and data management, providing transport authorities with insights into passenger flow and system
usage. Furthermore, its low-cost implementation makes it feasible for wide deployment across city and intercity
transport networks. In essence, the Smart Bus Pass System represents a step toward smart city development, promoting
cashless transactions, paperless ticketing, and eco-friendly travel. Future improvements may include integrating mobile
payment gateways, GPS tracking, and cloud-based analytics to further enhance system performance and user
experience.
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