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Abstract—Public transportation is essential for city travel, but many bus systems face ongoing problems like irregular
arrival times, unclear fare structures, and limited communication with passengers. The project called “Smart Bus Route
Management System with Real-Time Tracking and Passenger Assistance” addresses these issues by using mobile tracking,
cloud computing, and AI/ML technologies. Instead of relying on costly GPS hardware, the system uses smartphones
placed in buses to send live location data to a central cloud database. Passengers can easily access real-time bus locations,
estimated arrival times, and fare information through a dedicated mobile app. Meanwhile, operators can manage fleet
operations through a web-based dashboard. Al-driven prediction models improve the accuracy of arrival time estimates
and enable the system to send automated alerts for delays or emergencies. This smartphone-based, cloud-enabled
approach allows for low-cost deployment, scalability, and better service reliability, ultimately improving the travel

experience for both passengers and transport operators.
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I. INTRODUCTION

With rapid urban growth and increasing reliance on public transportation, managing bus networks has become more
challenging. Passengers often face uncertain arrival times, inconsistent fare information, and limited communication with
transport authorities. This leads to longer waits, poor fleet utilization, and financial losses for operators. These issues also push
commuters toward private vehicles, which worsens traffic congestion and pollution. Traditional bus systems rely on fixed
schedules, manual operations, and basic ticketing methods. Current GPS-based systems often fail to provide real-time data to

passengers.

The proposed “Smart Bus Route Management System with Real-Time Tracking and Passenger Assistance” uses mobile
technology, cloud computing, and Al/ML algorithms to create an integrated solution focused on passengers. Instead of using
dedicated GPS hardware, the system uses smartphones placed in buses to send live location data to a central cloud server. This
enables passengers to check real-time bus locations, estimated arrival times, and fare information through a mobile app.
Meanwhile, operators can monitor fleet performance, route efficiency, and passenger loads via a web dashboard. The Al-driven
predictive model improves the accuracy of estimated arrival times and generates automated alerts for delays or emergencies. This
cost-effective and scalable solution improves passenger convenience, safety, and operational efficiency. It also supports smart city
goals by promoting sustainable and accessible urban mobility.

Il. LITERATURE REVIEW

In recent years, there has been more focus on improving the efficiency, safety, and reliability of public transportation through
smart bus monitoring and management systems. Researchers have worked on integrating technologies like real-time tracking, the
Internet of Things (1oT), and Artificial Intelligence (Al) to improve communication among buses, operators, and passengers [1].
Several studies have offered solutions for vehicle tracking, route optimization, and passenger assistance. However, most systems

still lack cohesion and often prioritize operator needs over passenger convenience. Earlier methods used GPS and GSM modules
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to send bus locations to central servers, but these systems needed special hardware. This increased costs and limited scalability

2.

Later systems combined GPS, GSM, and mapping tools, which helped operators but did not include passenger-friendly features
like fare transparency and Estimated Time of Arrival (ETA) predictions. loT-based solutions that used onboard sensors for
vehicle location and performance data allowed for real-time monitoring, but they required complicated installation and
maintenance, making large-scale deployment difficult. Al and Machine Learning techniques have also been used to predict bus
arrival times and optimize routes, improving schedule accuracy. However, these methods often missed emergency notifications

and adjustments to routes.

More recently, mobile-based systems that use drivers’ smartphones for real-time tracking have emerged as cost-effective
alternatives. They send live position data to cloud servers. While this method cuts hardware costs and streamlines
implementation, most existing systems still offer only basic tracking without integrating fare management, passenger
notifications, or load analytics. Therefore, there is a clear need for a unified, passenger-focused smart bus management platform.
This platform should combine real-time tracking, ETA prediction, fare transparency, and operator analytics to create an efficient,

reliable, and user-friendly public transport system [3]..

I1l. ALGORITHMS

The Smart Bus Route Management System with Real-Time Tracking and Passenger Assistance uses a hybrid analytical
approach. It combines the Kalman Filter, Hidden Markov Model (HMM) map-matching, and Gradient Boosting algorithms like
XGBoost and LightGBM to improve location accuracy, route association, and travel-time prediction. The Kalman Filter refines
raw GPS signals from mobile devices by reducing noise and increasing positional accuracy. The HMM-based map-matching
algorithm matches the filtered data with the correct segments of the road network. This ensures reliable route tracking, even in
areas with weak GPS signals. Finally, the Gradient Boosting model analyzes both historical and real-time traffic data to predict
the Estimated Time of Arrival (ETA) based on changing traffic and road conditions. This method allows for accurate location
estimation, effective route mapping, and more dependable travel-time forecasts. It improves tracking reliability and enhances the
experience for passengers and transport operators.

A. Kalman Filter

The Kalman Filter smooths and improves raw GPS data from drivers’ smartphones. This data can be affected by signal noise
from buildings, weather, or reflected signals. The algorithm operates in a two-step cycle of prediction and correction. During the
prediction phase, it estimates the bus’s next position and speed based on past information. In the correction phase, it adjusts these
estimates using actual GPS readings to minimize the differences between the estimated and observed values. This ongoing
process creates a stable and continuous path for each bus. It also offers a reliable basis for later map-matching and accurate
Estimated Time of Arrival (ETA) predictions.

B. Hidden Markov Model (HMM) Map-Matching

The Hidden Markov Model (HMM) map-matching algorithm matches filtered GPS points to the real road network. GPS
locations can sometimes drift a bit from the roads. The HMM considers road segments as hidden states and GPS readings as
visible outputs. Transition probabilities show how likely it is to move from one road segment to another. Emission probabilities
reflect the chance of finding a GPS point on a specific segment. The system uses the Viterbi algorithm to determine the most
likely path taken by the bus. This helps to align the map properly, even in busy urban areas with complex intersections and

overlapping routes.
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C. Gradient Boosting Algorithms (XGBoost / LightGBM)

For predicting Estimated Time of Arrival (ETA), we use Gradient Boosting algorithms like XGBoost and LightGBM. These
models combine several weak decision trees to create a strong predictor. They consider features such as remaining distance,
current and past speeds, time of day, traffic and weather conditions, and road type. The models learn from new trip data in the
cloud and adjust to changing conditions. XGBoost provides high accuracy and strong regularization. LightGBM allows for faster
computation and uses less memory, making it suitable for large-scale cloud deployment. We share the predicted ETAs with

passengers through the mobile app. We also provide them to operators to improve schedules and manage delays.

IV. EXISTING SYSTEM AND DRAWBACKS

Most bus transport and route management systems today are manual or only partly automated. They have limited connections
between tracking, scheduling, and passenger services [1]. These systems depend on fixed routes, manual driver inputs, or GPS
devices, which provide little real-time information to passengers, like location updates or arrival estimates [2]. Traditional GPS
and GSM-based systems send vehicle locations to a main server for monitoring, but this data rarely improves the passenger
experience or fleet performance [3]. The high costs of installing and maintaining GPS devices also restrict their use, especially for
operators with tight budgets [4]. Web-based platforms and ticketing systems usually focus on one function, such as showing
routes or collecting fares. They lack integration and data-driven analysis [5]. As a result, operators find it hard to predict delays,
and passengers cannot get accurate real-time information on bus arrivals, seat availability, or alternate routes [6]. Manual

oversight for fleet maintenance also raises the risk of route changes, long idle times, and operational inefficiency [7].

V. PROPOSED SYSTEM

The Smart Bus Route Management System with Real-Time Tracking and Passenger Assistance aims to address the issues of
traditional bus management systems. It combines algorithms, mobile tracking, and cloud analytics in a single platform. Unlike
older systems that rely on costly GPS devices or manual monitoring, this model uses smartphones for tracking. This offers a cost-
effective, scalable, and intelligent solution for passengers and operators.

A. System Overview

The system has three main parts: Driver Module, Passenger Module, and Admin/Fleet Management Module. These parts
connect through a cloud-based backend. The Driver Module runs on a smartphone and sends location data and trip information to
the central server in real time. The Passenger Module is a mobile app that shows live bus positions, estimated time of arrival (ETA),
and route details. The Admin Module allows transport authorities or fleet operators to oversee the entire fleet, manage routes, track
bus conditions, and review performance data.

B. Working Principle

The proposed system starts tracking the driver's location on the mobile app as soon as the bus begins its journey [1]. The raw
GPS coordinates from the device pass through a Kalman Filter algorithm to improve accuracy and reduce noise [2]. Next, the
filtered coordinates use the Hidden Markov Model (HMM) map-matching technique, which matches the positions to the correct
road segments on real-time maps [3]. The processed location data is then sent to a cloud server for storage and analysis [4]. The
Al and ML module uses Gradient Boosting algorithms like XGBoost or LightGBM, working with both historical and real-time
data. This includes distance traveled, vehicle speed, time of day, and traffic conditions to predict the Estimated Time of Arrival
(ETA) for each bus stop [5]. This method provides real-time updates for passengers and supports dynamic route optimization for

fleet management [6].
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C. Communication and Data Flow

All modules communicate through a RESTful API linked to the central Flask-based backend. This setup ensures smooth and
quick data exchange between user interfaces and the cloud. The database layer, MongoDB, stores route, schedule, and analytics
data. At the same time, the frontend layer offers dashboards and mobile views for users. The system architecture supports
scalability. This feature allows for adding more buses, new routes, and future modules without affecting performance.

D. Advantages of the Proposed System

The proposed Smart Bus Route Management System has several advantages over traditional solutions. It allows for cost-
effective implementation by using drivers' smartphones for location tracking. This removes the need for dedicated GPS devices [1].
The system offers high accuracy and stability by integrating Kalman Filter and Hidden Markov Model (HMM) algorithms. These
algorithms provide smooth, precise, road-aligned location data [2]. Passengers receive real-time updates about the bus location,
estimated time of arrival (ETA), and occupancy status through the mobile app. This improves convenience and reliability [3].
Additionally, Al-based predictive analytics use machine learning models to forecast travel times and enhance routes based on live
and historical data. This boosts overall operational efficiency [4]. Cloud-based scalability allows for central storage of large
datasets, which supports analytics and enables deployment across multiple cities [5]. The system also increases administrative
efficiency. Fleet managers can monitor live vehicle data, evaluate driver behavior, and create detailed performance reports [6].
Overall, these features improve the passenger experience by providing transparency, reducing waiting times, and lowering

uncertainty [7].

FUTURE SCOPE OF THE PROJECT

The proposed Smart Bus Route Management System with Real-Time Tracking and Passenger Assistance can be improved by
using new technologies to build a smarter and more independent transport system. Future upgrades might include Al image
recognition or infrared sensors for real-time passenger counting. This technology can better identify overcrowding. Smart ticketing
and digital payment methods can support cashless travel and simplify fare management. 0T sensors can continuously monitor
engine performance, vehicle health, and emissions. This ensures safety and protects the environment. Additionally, the system
could use chatbots or voice assistance based on natural language processing to help visually impaired passengers and enhance
accessibility. Predictive maintenance models that use machine learning can help foresee potential breakdowns before they happen.
This approach reduces downtime and makes the system more reliable. Finally, the platform could expand to include connections
between buses, metros, trains, and taxis. This would help create a fully integrated, data-driven urban transport network.
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CONCLUSION

The proposed Smart Bus Route Management System with Real-Time Tracking and Passenger Assistance uses mobile tracking,

cloud computing, and AI/ML algorithms to offer a cost-effective, flexible, and smart public transport solution. By using

smartphones instead of dedicated GPS devices, the system allows real-time route monitoring, accurate ETA predictions, and

convenience for passengers while greatly lowering implementation costs. The Kalman Filter, HMM, and Gradient Boosting

algorithms improve data accuracy, reliability, and predictive power. Passengers receive live bus updates and safety alerts, while

administrators get insights for better route planning and fleet management. Overall, the system boosts operational efficiency, cuts

waiting times, and builds public trust in transport networks. It shows how data analytics and cloud technologies can create a

smarter, safer, and more sustainable urban mobility framework that supports the goals of modern Smart Cities.
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