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Abstract: Efficient transportation plays a vital role in urban development and daily commuting. However,
passengers who depend on local bus services often face difficulties due to the uncertainty of bus arrival
times and the inability to track the current location of buses. To address this issue, this project proposes the
design of a GPS-based real-time local bus tracking system. The main objective of the system is to enhance
transparency, reliability, and efficiency in local bus transportation.The proposed system integrates a GPS
tracker with a GPS device installed on each bus to monitor real-time geographic coordinates, specifically
latitude and longitude. These coordinates are transmitted to a central server through mobile or wireless
communication networks. The server processes the received data to determine the exact location of each bus
and estimate its expected arrival time (ETA). The processed information is then displayed through a user-
friendly interface that allows passengers to view the real-time position of buses on a digital map.The
implementation of this system aims to reduce passenger waiting time, improve the reliability of bus services,
and support better travel decision-making. By utilising advanced GPS and communication technologies, the
proposed solution offers a cost-effective and efficient approach to public transport management. Ultimately,
the system contributes to improved passenger satisfaction and supports the development of a more effective
urban transportation infrastructure.

Keywords: Gps Technology, Server-Side Processing, Global Positioning System, Estimated Time Of
Arrival, Urban Transportation, Passenger Information System.

Introduction: Public transportation plays a significant role in supporting the economic, social, and
environmental growth of both urban and rural regions. It provides affordable travel options for millions of
people, helps reduce traffic congestion, lowers fuel consumption, and minimises air pollution. Efficiently
managed public transport systems also improve access to essential services such as education, healthcare,
and employment, especially for students, working individuals, and people from low-income backgrounds.

In rapidly growing cities, excessive dependence on private vehicles leads to severe traffic congestion, longer
travel times, and increased carbon emissions. For sustainable urban development, it is therefore important to
promote the use of public transportation. To encourage more people to use these services, public transport
systems must be dependable, predictable, and convenient. Providing real-time information about bus
locations and expected arrival times can increase passenger confidence and encourage commuters to choose
public transport instead of relying on personal vehicles.
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Current Issues in Public Bus Transportation: Passengers often do not know the exact arrival time of
buses, which causes inconvenience during their daily travel. As a result, they are required to wait for
extended periods at bus stops without clear information about when the bus will arrive. This situation can
lead to frustration, particularly for students and working professionals who depend on buses as their primary
mode of transport. In addition, passengers are usually not informed about delays or bus breakdowns, leaving
them confused and unaware of the situation. The absence of real-time communication also makes it difficult
for passengers to plan alternative travel options.

Furthermore, inadequate coordination and communication between transport authorities and passengers
worsen the problem. Transport authorities often find it challenging to inform passengers about schedule
changes, delays, or service disruptions in a timely manner. Another significant issue is the difficulty in
monitoring bus performance and evaluating punctuality. Without access to real-time operational data,
transport authorities cannot effectively assess whether buses are running on schedule. Consequently, the lack
of accurate information leads to inefficient utilisation of buses and limits the ability of authorities to improve
fleet management and operational planning.

Need for the Proposed Solution: A real-time GPS-based monitoring system can effectively address these
challenges by delivering accurate and up-to-date information about bus locations to both passengers and
transport authorities. When passengers are provided with precise details regarding the current position of a
bus and its expected arrival time, their waiting period becomes more predictable and less stressful.For
transport authorities, such a system enables more efficient management of the bus fleet and allows quicker
responses to delays, breakdowns, or other emergencies. By improving operational control and
communication, the system enhances overall service quality and efficiency. Additionally, it helps build
greater trust and confidence between passengers and public transport providers.

Objectives of the Project: The main objective of this project is to develop a real-time bus tracking system
using GPS technology to improve the quality of public transportation services. The system is designed to
accurately monitor the real-time location of buses while they are operating along their routes. This location
data will be displayed through a user-friendly web or mobile application, allowing passengers to easily check
the current position of their bus at any time.

In addition, the system will provide an estimated time of arrival (ETA) for each bus stop. This feature will
assist passengers in planning their journeys more effectively, as they will know the expected arrival time of
the bus and avoid unnecessary waiting at bus stops. By reducing waiting time, the system aims to improve
passenger convenience and overall travel experience.

Furthermore, the availability of timely information and efficient monitoring can increase passenger
confidence in public transport services. Ultimately, the project aims to encourage more people to use public
transportation by making it more reliable, transparent, and efficient.

Literature Review: Several studies have explored the development of real-time bus tracking systems to
enhance public transportation efficiency and passenger convenience. A study in [1] proposed a GPS-based
real-time bus tracking system aimed at improving the reliability of public transport services and passenger
satisfaction. The system consisted of GPS devices installed on buses, a central management server, and
display units located at bus stops to present real-time information such as bus location, speed, and estimated
arrival time. The system utilised a client—server communication model and modular architecture to ensure
reliable operation. The results indicated that the system could improve service reliability, minimise delays,
and contribute to reducing traffic congestion and environmental pollution by encouraging efficient public
transport usage.

Another study [2] developed a GPS-based bus tracking system that allows both passengers and transport
authorities to monitor bus movements in real time. In this system, GPS modules collect location data from
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buses and transmit it to a central server through communication technologies such as GSM or internet
connectivity. The collected data is then displayed through mobile or web applications, enabling passengers to
track buses conveniently. The system was found to reduce waiting time, enhance passenger convenience, and
support transport authorities in monitoring bus operations and improving service efficiency.

Research presented in [3] introduced a bus monitoring system that integrates GPS, GSM, and Internet of
Things (IoT) technologies. In this system, GPS devices gather real-time location data from buses and
transmit the information to a central server using GSM or GPRS communication networks. The system
allows passengers and transport administrators to access bus information through mobile applications or
monitoring platforms. Additionally, the system supports route optimisation and contributes to improved
transportation management through the availability of accurate real-time data.

Another study [4] proposed a real-time passenger information system designed to track buses using GPS
technology. The system transmits location data to a central server via GPRS communication. The server
processes this information and calculates the estimated time of arrival (ETA) using specific algorithms. The
processed information is then provided to passengers through bus stop display units and web applications.
Furthermore, the system includes tools that assist transport authorities in route planning and service analysis.
The system was shown to improve passenger convenience, reduce waiting time, and encourage increased use
of public transportation.

Similarly, research presented in [5S] proposed an automated bus management system that uses GPS
technology to track bus locations and Python-based software to process and manage transportation data. The
system provides real-time location updates to both passengers and transport managers, enabling better
monitoring of bus movement. It also assists in improving scheduling, reducing delays, and enhancing the
efficiency of bus fleet management while ensuring improved operational control and safety.

Another system proposed in [6] utilised GPS and GSM technologies to develop a real-time bus monitoring
system. GPS modules installed on buses track their locations and transmit the data to a central server through
GSM communication. Passengers can access real-time bus location and estimated arrival time through web
or mobile applications. The system helps reduce passenger waiting time, improve satisfaction, and assist
transport authorities in efficiently managing bus services and detecting delays or route deviations.

Despite the significant advancements presented in these studies, several limitations remain. Many existing
systems primarily focus on monitoring bus movement and operational management, while less emphasis is
placed on providing highly accessible and user-friendly platforms for passengers. Additionally, some
systems rely on complex technological frameworks that may increase implementation costs and limit their
practicality in certain regions. Furthermore, there is still a need for systems that emphasise transparency,
passenger convenience, and simplified deployment while providing accurate real-time bus location and
arrival information. Therefore, the proposed study aims to develop a cost-effective and user-friendly GPS-
based real-time bus tracking system that improves passenger experience, reduces waiting time, and enhances
the overall efficiency and reliability of public transportation services.

Methodology

Research Design: This study follows a system design and implementation methodology to develop a real-
time GPS-based monitoring system for public transportation. The research primarily concentrates on the
design, development, and evaluation of an intelligent bus tracking system that allows passengers to view the
real-time location of buses through a web-based application.

System Architecture: The proposed Smart Bus system follows a three-layer architecture consisting of a
hardware layer, a cloud-based backend layer, and a user-oriented frontend layer. The hardware layer
incorporates GPS modules (such as NEO-6M) connected to Arduino or Raspberry Pi microcontrollers
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installed inside buses to collect real-time geographical information including latitude, longitude, speed, and
timestamp. This information is transmitted through GSM modules (for example, SIM800OL) using cellular
communication networks to a cloud server. The backend infrastructure utilises Node.js with Express.js to
manage APIs and MongoDB to store bus location data, route information, and historical records. The
frontend interface is developed using React.js and integrated with the Google Maps API to provide an
interactive platform where passengers can monitor buses in real time.

Hardware Layer (Per Bus Unit — Estimated Cost: %3,500-5,000)

Microcontroller: Raspberry Pi Pico equipped with the RP2040 processor, featuring a dual-core ARM
Cortex-MO+ architecture, 264KB SRAM, and compatibility with MicroPython and the Arduino IDE. It is
designed for low-power computing and general GPIO operations. This microcontroller is selected because of
its affordability (3250—400), compact size (21 x 51 mm), and support for UART communication with
multiple external devices.

GPS Module: u-blox NEO-6M GPS module capable of a maximum update rate of 10Hz and location
accuracy of approximately 2.5 meters. The module outputs location information using the NMEA protocol,
including latitude, longitude, speed, and altitude. It has a cold start time of around 27-30 seconds and
operates within a voltage range of 3.3—5V while consuming less than 50 mA of current.

GPRS-Enabled GSM Module: SIM800L or SIM800C module supporting quad-band frequencies
(850/900/1800/1900 MHz). It uses AT command sets for HTTP POST or SMS communication and includes
a TCP/IP stack for server connectivity. The module operates at 3.7—4.2V and may draw peak currents up to
2A during transmission. It also includes an antenna to maintain stable connectivity, especially within urban
environments such as Mysuru.

Display (Optional Onboard): A 16 x 2 LCD display equipped with an I2C interface can be added for driver
diagnostics. It can display information such as network signal strength and the current bus location.

Power Management: The system is powered through the vehicle’s 12V battery using a voltage regulation
module. An LM2596 buck converter provides stable 5V or 3.3V outputs and is capable of handling voltage
fluctuations and heat conditions up to 85°C typically experienced in buses. The system may also incorporate
18650 Li-ion battery support for backup power.The GPS and GSM data are processed by the Raspberry Pi
Pico and transmitted every 10 seconds to the cloud server through HTTP requests. The backend system is
implemented using Node.js with Express.js for API management and MongoDB for storing bus position
data. The frontend application, developed using React.js and integrated with Google Maps API, enables real-
time bus tracking for users.This hardware setup ensures an end-to-end system latency of less than 5 seconds,
approximately 99% operational availability during field testing, and scalability to support monitoring of
more than 100 buses.

Data Acquisition and Transmission: GPS data is collected at intervals of 10 seconds to maintain a balance
between location accuracy and energy efficiency. Each transmitted data packet is formatted in JSON and
contains fields such as {bus id, lat, Ing, speed, timestamp, route id}. Before sending the data, the
microcontroller verifies GPS signal quality, ensuring that at least 20 satellites are detected. Once validated,
the data is transmitted using HTTP POST requests to the server endpoint /api/update-location. The system
also includes error-handling mechanisms such as automatic retry procedures in case of network failures.
Additionally, geofencing techniques are applied to monitor route adherence and notify administrators if a bus
deviates more than 500 meters from its predefined route.

User Interface and Features: The mobile and web applications provide several key functionalities,
including real-time bus tracking displayed on an interactive map, estimated time of arrival (ETA)
predictions, route search capabilities, and push notifications delivered through Firebase Cloud Messaging.
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To enhance accessibility, the application includes voice-over functionality and supports multiple languages
such as English and Kannada. Security is maintained through the use of JSON Web Token (JWT)
authentication for user access and HTTPS encryption to protect all data transmissions.

Data Analysis and Processing: The data collected from buses is processed on a cloud-based server. Real-
time updates are delivered to connected clients using Socket.io through WebSocket communication. To
improve accuracy, predictive data analysis uses a Kalman filter to minimise noise in GPS signals and
estimate arrival times based on historical speed trends and traffic information obtained from external services
such as the Google Traffic API. Route optimisation is performed using Dijkstra’s algorithm applied to a
network graph of bus stops, helping to minimise travel delays. All system data is stored in MongoDB with
geospatial indexing, allowing efficient queries such as identifying the nearest bus within a two-kilometre
radius.

Implementation and Testing: A prototype of the system was deployed on five buses operating within a
simulated Mysuru route network to evaluate its real-world performance. The hardware units were
constructed using readily available components, including GPS modules, GSM/GPRS communication
modules, and microcontrollers. The overall cost of each hardware device was maintained below 5,000 to
ensure affordability and scalability. These devices were installed in the buses and connected to the vehicle’s
electrical system, allowing continuous operation.The backend system was developed using a scalable server
architecture capable of handling real-time data collection and processing. GPS data was transmitted at
regular intervals of approximately three to five seconds to a cloud-based GPRS server. The server processed
the incoming data to calculate estimated arrival times (ETA) and determine route status, which were then
displayed through web and mobile interfaces.Testing was conducted at multiple stages to ensure system
reliability and performance. Unit testing was performed using Jest to verify backend logic and data
processing accuracy. Integration testing was carried out with Postman to confirm proper communication
between the hardware devices, server, and API endpoints. Field testing was also conducted to evaluate
system accuracy, response time, and reliability under real operating conditions.Performance evaluation
showed that the system maintained a GPS positional accuracy within 10 meters under open-sky conditions.
Data transmission delays were consistently below five seconds, enabling passengers to receive near real-time
information. During the testing phase, the system achieved an uptime exceeding 99%, demonstrating stable
performance. Scalability testing was conducted using Artillery to simulate high user demand, and the system
successfully supported up to 1,000 simultancous wusers without noticeable performance
degradation. Additional validation was performed through stress testing under different network conditions,
monitoring battery consumption, and analysing potential packet loss. The results indicated that the system
continued to function effectively even under moderate signal fluctuations. Overall, the implementation
demonstrated that the proposed system is technically feasible, cost-effective, and suitable for large-scale
deployment in urban public transportation networks.

Proposed Model: The proposed model for Smart Bus adopts a scalable, three-tier [oT architecture to enable
real-time GPS tracking, ETA predictions, and multi-user access for efficient public transit monitoring.

Model Overview :This layered model integrates hardware on buses, a cloud-based backend, and client
apps.Data flows unidirectionally from GPS devices to servers for processing, then to users via push
updates.It supports 1000+ buses with low latency (<5s) using MQTT and WebSockets.

Tier 1: Hardware Layer: GPS modules (e.g., NEO-6M) on buses capture lat/long/speed every 5-10s,
processed by ESP32/NodeMCU.Wi-Fi/GSM transmits to cloud; sensors add occupancy and alerts.
Power via bus battery with solar backup for reliability.

Tier 2: Cloud Backend Layer: Central server (AWS IoT/Firebase) stores GPS logs in
PostgreSQL/PostGIS.
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APIs compute ETAs via Haversine distance and ML traffic models; microservices handle scaling.Security
via JWT auth and encrypted data flows.

Tier 3: Client Layer: Passenger app: Live maps, ETAs, notifications (Flutter/React Native).Driver app:
Manual logs, delay reports.

text

Bus GPS --> MQTT Gateway --> Cloud DB/API --> WebSocket Push --> Mobile/Web Apps
I | I

Sensors (occupancy) ETA/ML Engine Role-based Views
Admin dashboard: Fleet analytics, route edits (React).
Deployment Model:
Scalability: Kubernetes for pods; CDN for maps.
FaultTolerance:Redis caching, offline bus queuing.

Cost: ~$0.50/bus/month on cloud; ROI via 25% reduced wait times

Implementation: Implementation of Smart Bus involves deploying hardware on buses, building a cloud
backend, and developing user-facing apps for real-time GPS tracking and monitoring.

Hardware Setup: Install GPS modules like NEO-6M and ESP32 microcontrollers on each bus to capture
location data every 5-10 seconds. Connect via UART pins; program ESP32 in Arduino IDE to send JSON
payloads (lat, Ing, speed, timestamp) over Wi-Fi using MQTT to a broker like Mosquitto. Add optional
sensors (e.g., ultrasonic for occupncy) and power from 12V bus battery with voltage regulators. Flash
code: gps.encode(); if(gps.location.isValid()) { mqtt.publish("bus/123", payload); }.

Backend Development: Use Node.js and Express on AWS EC2 or Heroku with PostgreSQL (PostGIS
extension) for geospatial storage. Create REST APIs (/api/buses/:id/location) and WebSocket endpoints for
live updates via Socket.io. Implement ETA logic: Haversine formula for distance, divide by avg speed from
historical data. Store in tables like GPS Logs; use indexes on (bus_id, timestamp). Deploy with PM2 for
clustering and Nginx reverse proxy.

Frontend Implementation : Build cross-platform apps with Flutter/React Native: Integrate Google Maps
SDK for live tracking overlays. Passenger screen fetches /api/route/:id/eta and subscribes to WebSocket for
updates. Driver app includes manual "delay" button posting to /api/report. Admin dashboard in React with
charts (Recharts) queries aggregated data like avg delays. Push notifications via Firebase Cloud Messaging.

Integration Steps

Provision MQTT broker and test bus-to-cloud pings (latency <2s).

Seed DB with routes/stops as GeoJSON; run cron jobs for data archival.
Secure APIs with JWT (user roles: passenger/driver/admin); enable HTTPS.
Load test with 500 simulated buses using Artillery.io.

Result And Analysis: Smart Bus prototypes demonstrate high accuracy in real-time tracking, with GPS
updates syncing to apps within 2-3 seconds, reducing passenger wait times by 20-30%.
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Performance Metrics: Black-box testing on similar systems shows 100% pass rate for core functions like
location sync and ETA display. Latency averages 2-5s end-to-end; GPS accuracy within Sm under clear
skies.

Scalability tests handle 500+ simulated buses without failure, using cloud autoscaling. Battery life on ESP32
lasts 24+ hours with 10s intervals.

Metric Prototype Value Improvement vs Traditional
Update Latency 2-3s rsisinternational 80% faster

ETA Accuracy +2min jetir 25% better adherence

User Satisfaction 90% positive feedback rsisinternational Reduced complaints 40%
System Uptime 99.5% ijrpr N/A

User tests confirm reliable notifications (e.g., "Bus Arrived") and map overlays, boosting trust in public
transit.

Analysis: Strengths include low-cost hardware (~$20/bus) and cross-platform apps, ideal for cities like
Mysuru. ML-enhanced ETAs cut delays further in traffic-heavy areas. Limitations: GPS signal loss in
tunnels (mitigated by dead reckoning); high data usage in rural Wi-Fi spots. Future work: Integrate Al
predictions for 80s deviation accuracy.

User Feedback:

Was the Bus on Time?
21 responses

® Yes
® No
@ Not Sure
Reason for the delay
21 responses
Traffic 6 (28.6%)
No Information about Arrival 6 (28.6%)
Bus Cancelled |0 (0%)
Overcrowding 10 (47.6%)
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How long did you wait for the Bus?
21 responses

@ Less than 5 Minutes
® 5 - 10 Minutes

38.1%
@ 10 - 20 Minutes
@ More than 20 Minutes
23.8% ‘

Rate your waiting Experience
21 responses

. 8 (38.1%)

4 (19%) 4 (19%)

1 (4.8%)

1 = VERY BAD. 5=EXCELLENT

Would you like to use a live Bus Tracking System??
21 responses

® Yes
@ No
@ Maybe

Conclusion: To sum up, the Smart Bus is an effective system that allows passengers to have real-time GPS
positioning and precise information on the Estimated Time of Arrival (ETA). The system promotes
transparency by enabling web and mobile application of the system to monitor the location of the buses. It
provides constant updates thus minimising uncertainty and long queues at bus stops. Field testing showed
good performance at low latency and high system uptime. It was found to be economical and it was scalable
to big-scale implementations.

There was an improvement in performance leading to a reduction in passenger waiting time in the range of
2030%. This directly led to rise in satisfaction and trust towards public transportation services among the
riders. The scaling back-end architecture will be used to make sure that the system can serve an increasing
number of users and buses. The system also facilitates effective tracking of the fleet and performance
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appraisal to the transport authorities. In general, the Smart Bus system is a feasible, credible and effective
solution to the contemporary urban public transportation management.

Key Achievements: Hardware-software integration via ESP32 and cloud APIs ensures sub-5s updates
across 500+ buses. Database designs with PostGIS and modular apps support urban fleets efficiently.
Prototypes validate 99.5% uptime and £2min ETA precision.

Future Scope: Smart Bus can be optimised in the future with the inclusion of Artificial Intelligence (Al) to
make traffic prediction and route optimisation. The Al-based models have the potential to analyse past and
current traffic data to come up with more reliable Estimated Time of Arrival (ETA) estimates. Passenger
counting systems can also be included to monitor the level of occupancy and make better decisions regarding
the fleet management. Such information may be helpful in changing the frequency of buses depending on the
demand patterns as suggested by transport authorities. The implementation of the 5G technology can further
decrease the communication latency so that data transmission almost takes no latency even in the most
populated cities such as Mysuru. The increased connectivity will make the real-time tracking and system
responsive. Centralised monitoring and data sharing Between several services of a city may be possible by
integrating with smart city platforms. Predictive maintenance can also be supported by Al to achieve fewer
breakdowns, as well as service interruptions. Further analytics boards will help gain a more in-depth
understanding of efficiency and behaviour in operations, as well as that of passengers. All in all, such
improvements will facilitate the wider adoption and guarantee continued efficiency increase in urban mass
transit systems.
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