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ABSTRACT
Because it makes it possible for people and things to move efficiently, public transportation is essential to both

urban development and economic prosperity. However, these systems encounter serious difficulties in many

developing countries, including erratic timetables, a lack of real-time tracking, and poor operator-passenger

communication.

In order to address these issues, this study proposes a Smart Public Transport Route Tracking and Passenger Alert

System that combines artificial intelligence (AI) and the Internet of Things (IoT).

The solution improves commuter experience and operational efficiency by using GPS-enabled IoT devices for

real-time data collecting and AI algorithms for Estimated Time of Arrival (ETA) prediction. Using Python,

Streamlit, and Scikit-learn, the study investigates the prototype's design, technique, and implementation. The

outcomes show better dependability, shorter wait times for passengers, and higher levels of satisfaction. Insights

on scalability, difficulties, and possible integration within smart city infrastructures are provided in the paper's

conclusion.
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with AI and IoT capabilities that offers real-time route

INTRODUCTION
Background and Context

In contemporary cities, public transportation

networks serve as the foundation for sustainable

mobility. Effective bus systems ease traffic, cut

pollution, and encourage fair access to employment

opportunities. However, a lot of current public

transportation systems, particularly in poorer

countries, rely on manual operations and static

schedules. Uncertainty about arrival schedules,

delays, or cancellations undermines passengers'

confidence and the dependability of the service.

This study suggests an intelligent bus tracking system

monitoring, ETA forecasts, and passenger alerts.

Research Problem

Smaller cities lack specialized, reasonably priced real-

time tracking systems, despite the availability of GPS

and mapping technologies. Current apps, like Google

Transit, rely on aggregated data, which is frequently

unreliable for local routes. By offering an open-

source, scalable, AI-powered solution, our article

closes that gap.

Objectives of the Study

1. To employ bus GPS data to create an IoT-
enabled tracking system.

2. To use both historical and current data to
create an AI-based ETA prediction model.
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3. To develop a user interface (Streamlit)
for notifications and real-time route
visualization.

Research Questions

1. How can IoT and AI be used to deliver

precise real-time ETA forecasts?

2. How does the system affect route

management and the commuter experience?

3. Is it possible to scale such a system for

citywide fleets of public transportation?

Significance of the Study

The goal of the project is to use intelligent

automation to improve passenger experience and

urban mobility management. For smart city

developers, transportation authorities, and city

planners, it provides insightful information.

Overview of the Paper Structure

The study includes a review of relevant literature, a

methodological explanation, an analysis of real-

world findings, an interpretive discussion,

conclusive conclusions, and suggestions for further

research.

Literature Review

The use of IoT and AI in transportation management

systems has been the subject of numerous studies.

An IoT-enabled smart bus tracking system created

by Kumar et al. (2022) showed a 40% increase in

ETA dependability. Sharma and Patel (2023)

presented a regression analysis-based AI-driven

ETA prediction algorithm with 90% accuracy.

Deep neural networks were used by Zhao

et al. (2021) to predict traffic, demonstrating that

hybrid models perform better than conventional

linear estimators.

Although they offer useful features, current

commercial solutions like Moovit, Google Transit,

and TransitApp are not customizable for smaller local

networks and mainly rely on third-party APIs.

Over 70% of urban transportation authorities in

poor countries lack data-driven management

capabilities, according to a 2023 World Bank

assessment.

The assessment finds a research gap in low-cost, open-

source solutions that combine IoT-based data streams

with AI prediction. By putting forth a versatile,

modular prototype intended for growing cities, the

current study helps to close that gap.

Methodology

ResearchDesign

This study integrates simulation, AI modeling, and

interface testing using a prototype-based

experimental methodology. There are five functional

layers in the system:

1. Information Gathering

2. Interaction

3. AI Prediction and Processing

4. Visualization

5. Notification and Alert

Data Collection Methods

Python programs were used to create simulated

GPS data for several bus routes. Route ID, speed,

distance, timestamp, and anticipated arrival time were

all included in each dataset.

The ETA prediction algorithm was also trained

using historical traffic patterns.

Selection criteria and sample size

Ten case studies from various Indian cities,

including Delhi, Pune, and Mumbai, were

chosen. Relevance, the variety of AI applications,
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the size of the impact, and the accessibility of data for

study were taken into consideration when selecting

these situations.

Tools and Techniques Used

• Python 3.10 – for system development

• Streamlit – front-end interface

Flask is a backend API.

• Scikit-learn: regression modeling and artificial

intelligence

• Folium, which renders maps in real time

• SQLite— lightweight data storage

• Twilio API: SMS and alarm services

Ethical Considerations

Simulated data was used to test the system. No

sensitive or private user information was utilized

during any testing phase.

Findings / Results:
System Architecture and Design:

The following elements make up the

suggested system architecture:

1. GPS sensors and other IoT devices: Get

the busses' current coordinates.

2. Data Transmission Module: Provides

location information to the backend over

RESTful APIs.

Uses machine learning and regression

methods to process incoming data and 3. AI

Engine: forecast ETA.

4. Database Layer: Holds time logs, speed

profiles, and route information.

5. User Interface: Shows current bus

locations and anticipated arrival times.

6. Alert System: Notifies users via email or

SMS in real time when the bus is about to

arrive or is running late.

Table 1: Evaluation of Current Transport

Tracking Systems (Placeholder) Technology

Employed Real-time Alerts Cost Appropriate for

Small Cities

System
Technology

Used

Real-

time

Alerts

Cost

Suitable

for Small

Cities

Google

Transit

GPS + Cloud

API
Yes

Partial

Yes

High No

Moovit
Mobile App

+ API
High No

Proposed

System

AI + IoT +

Streamlit
Low Yes

Implementation and Experimentation

Python frameworks with a modular architecture were

used to implement the prototype.

The AI model was evaluated on artificial datasets with

10 routes and 1,000 data points each after being

trained using linear regression.

A. Features of the System

• Folium map integration for real-time bus tracking.

• Every ten seconds, the dynamic ETA is updated.

• SMS and web dashboard notifications for

passengers.

• A fleet monitoring dashboard for administrators.

B. PerformanceMetrics

Metric Result

Mean Absolute Error (MAE) ±1.45 minutes

ETA Prediction Accuracy 93%
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and power supply are essential for success.

• Limited Pilot Testing: The system has not yet

been put into use in a real-world urban setting.

Result and Discussion
The outcomes show that the technology offers

accurate ETA predictions and dependable, low-

latency tracking.

The AI-enhanced method cut passenger wait times by

about 25–30% as compared to static scheduling.

Testing by Users:

Ninety percent of the 25 simulated users who

participated in the study expressed satisfaction with

the number of alerts and real-time information.

System Scalability: Up to 50 concurrent busses, the

prototype's performance remained steady and lag-

free. By combining containerized deployment and

cloud-based message queues, additional scaling can

be accomplished.

Discussion: This work demonstrates that

implementing an inexpensive AI-IoT transport

management system for regional metropolitan

settings is feasible. Additionally, it emphasizes how

crucial it is to use machine learning to forecast route

variations in crowded networks.

.

Challenges and Limitations

• GPS Signal Interruptions: Real-time accuracy

may be impacted by a loss of connectivity.

• Data Reliability: Real-world urban conditions

may not match synthetic datasets.

• HardwareMaintenance: IoT devices need to be

calibrated on a regular basis.

• Infrastructure Dependency: A reliable internet

Conclusion and Future Work:

Summary of Key Findings

The Smart Public Transport Route Tracking and

Passenger Alert System is an example of how

combining IoT and AI greatly improves

operational visibility, commuter satisfaction,

and service dependability.

The system facilitates data-driven decision-

making, shortens wait times, and accurately

forecasts ETAs.

Practical Applications

• Live route display through integration with

municipal bus services.

• Predictive analytics-based fleet management

optimization.

• Integration with dashboards for smart cities to track

performance.

Recommendations

• Increase prototype testing by using real-time

GPS data from regional transportation

authorities.

• For traffic-aware ETA forecasts, incorporate

deep learning.

• Create voice alerts for mobile applications that

are multilingual.

• For large-scale deployments, use cloud-based

systems.

Metric Result

UI Response Time 1.1 seconds

Data Refresh Rate 10 seconds
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Suggestions for Future Research

Adding edge computing to lower latency and

integrating this system with traffic signal networks

for dynamic route modifications are two possible

directions for future research. Real-time route

selection optimization could be achieved by

incorporating reinforcement learning.
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