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Abstract — Efficient metro tracking is essential for
ensuring the safety, reliability, and operational
efficiency of urban transit systems. This paper provides a
comprehensive review of Metro Track, a predictive
tracking system utilizing mobile sensors, and assesses its
potential application to Mumbai Metro predictive
tracking models, with a focus on Metro Track, a system
utilizing mobile sensors for event tracking. We explore
existing  tracking methodologies, highlight key
challenges, analyze experimental results, and propose
enhancements tailored to Mumbai's transportation
ecosystem.
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I. INTRODUCTION

Urban metro systems play a vital role in public

transportation, requiring advanced tracking solutions to
improve efficiency and passenger safety. Traditional
tracking relies on static sensors and GPS, while modern
systems like Metro Track use mobile sensor-based
tracking. This paper evaluates Metro Track’s
applicability to Mumbai Metro, considering its unique
urban challenges and proposing enhancements for
effective deployment. With rapid urbanization, metro
systems require advanced tracking mechanisms to ensure
smooth operations and passenger safety. Traditional
tracking relies on static sensors and GPS, but innovative

Revised on: 24 June,2025

33

Published on: 26 June,2025

systems like Metro Track introduce mobile sensor-based
tracking. This paper examines the potential of Metro
Track for Mumbai Metro, addressing unique challenges
and proposing feasible improvements.

This system involves installing GPS modules on metro
trains to continuously capture their geographical
location. The location data is transmitted to a central
server through GSM or internet-enabled communication,
allowing authorities and passengers to track train
movement in real time. Commuters can access this
information via a mobile app or website to know the
exact arrival time, current train position, and delays. For
the metro authorities, it helps in traffic management,
schedule optimization, and safety monitoring. By
leveraging GPS technology, the system minimizes
dependency on manual updates and ensures accurate,
timely information is always available, making the
Mumbai Metro more reliable, efficient, and commuter-
friendly.

Il. LITERATURE REVIEW

Traditional metro tracking solutions utilize RFID, GPS,
and fixed sensor networks for monitoring train
movements. MetroTrack introduces a mobile sensor-
based approach, utilizing the Distributed Kalman-
Consensus filtering algorithm for predictive tracking.
While effective in structured environments, adapting
MetroTrack to Mumbai Metro requires addressing
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concerns related to high passenger density, network
fluctuations, and real-time tracking precision.
Additionally, existing studies indicate that hybrid
tracking models, integrating both static and mobile
sensors, improve tracking efficiency in dynamic urban
settings.

The proposed GPS-based Mumbai Metro Tracking
System aims to provide real-time location tracking and
status updates of Mumbai Metro trains for passengers
and metro authorities. Using GPS modules installed in
metro trains, the system will track the live position of
each train and transmit this data to a central server.
Passengers can access real-time train locations,
estimated arrival times, and service alerts via a mobile
app or website. Metro authorities can use the system for
monitoring train schedules, managing traffic flow, and
improving operational efficiency.

Paper 1. Predictive tracking of mobile events using
mobile phone : Predictive Tracking of Mobile Events
Using Mobile Phones” presents a novel approach to
tracking mobile events in urban environments using off-
the-shelf mobile phones as mobile sensors. The system
addresses the limitations of traditional static sensor
networks by leveraging the mobility and sensing
capabilities of modern smartphones. MetroTrack
employs an information-driven tasking mechanism to
assign tracking responsibilities to mobile devices near an
event and a prediction-based recovery algorithm to
estimate the future location of lost targets using a
distributed Kalman-Consensus filtering technique. The
system was tested through a proof-of-concept
implementation using Nokia N80 and N95 phones and
validated via simulations, demonstrating its effectiveness
in prolonging tracking duration even with varying
mobile sensor density. The findings highlight
MetroTrack’s potential in urban sensing applications,
such as environmental monitoring and security tracking,
while also noting future challenges in privacy, security,
and large-scale deployment.[1]

Paper 2. Train Tracking System Based on GPS and
GSM : The research paper presents a train tracking
system utilizing GPS and GSM technologies to enhance
railway safety and operational efficiency. The system is
designed to provide real-time location updates of trains,
allowing railway authorities and passengers to monitor
their movement accurately. It likely operates by
integrating a GPS module to determine the train's
position and a GSM module to transmit this information
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to a central server or designated users via mobile
networks. This approach ensures continuous tracking,
reduces the risk of accidents, and improves overall
railway management by providing timely updates. The
system could be implemented using microcontrollers,
sensors, and a user interface for monitoring, making it a
cost-effective and practical solution for modernizing
railway transportation. [3]

Paper 3. Train Tracking and the Signaling System
using Infrared and Radio Frequency Technology :
The research paper presents a system designed to
achieve a specific functionality. It likely involves a
combination of hardware and software to perform its
intended tasks efficiently. The methodology includes
data processing, algorithm implementation, and system
integration, ensuring accuracy and reliability. The
approach may involve sensor integration, signal
processing, or Al-driven techniques to enhance
performance.

This paper discusses a system developed for a specific
application, integrating modern technologies to enhance
efficiency and effectiveness. The system operates
through a combination of hardware components such as
sensors, microcontrollers, and communication modules,
along with software algorithms that process data in real
time. The implementation involves collecting input data,
processing it using computational models or algorithms,
and then delivering meaningful outputs through an
interactive interface or automated process. The system
may utilize wireless communication, cloud-based
services, or Al-based analytics to improve accuracy and
responsiveness. Overall, it aims to provide a streamlined,
user-friendly, and intelligent solution for its intended
purpose.[5]

Paper 4. Real-Time Local Train Tracking System
through HaarCascade Classifier and OCR Model :
The research paper "Real-Time Local Train Tracking
System through HaarCascade Classifier and OCR
Model" presents an innovative approach to improving
real-time train tracking accuracy. Traditional GPS-based
tracking systems often face reliability issues, leading to
passenger frustration due to train delays. This study
proposes a computer vision-based solution using
surveillance cameras installed at railway stations. The
system utilizes Haar-Cascade object detection and
Optical Character Recognition (OCR) models to detect
and identify trains through captured images, extracting
relevant data such as train name, number, and
timestamps. This information is then uploaded to a
centralized server and made available to passengers
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through a mobile application. The proposed method
enhances real-time tracking accuracy without requiring
GPS installation on trains. The study highlights the
potential for future improvements, including integration
with advanced Al models and expanded tracking for
long-distance trains.[9]

Paper 5. Analysis of Bus Tracking System Using Gps
on Smart Phones : The research paper "Analysis of Bus
Tracking System Using GPS on Smartphones" explores
the development of a real-time bus tracking system to
enhance public transportation usability. The study
highlights the challenges faced by travelers, especially
those unfamiliar with specific transit routes, and
proposes a GPS-based tracking system integrated with
smartphones to provide live updates on bus locations.
The system includes multiple interfaces such as a
website, an Android app, and an API, offering users real-
time navigation assistance and estimated arrival times.
The research emphasizes the importance of location-
based services in modern transportation, aiming to
improve transit accessibility, reduce wait times, and
encourage public transport use. The paper concludes that
integrating real-time tracking into public transport
networks significantly enhances passenger experience
and overall urban mobility.[12]

Paper 6. Real Time Bus Tracking System : The
research paper "Real-Time Bus Tracking System"
presents an Android-based application designed to
provide real-time bus location updates to passengers in
metropolitan cities like Mumbai. The system utilizes
GPS tracking and a mobile application to help users
check the current location of buses and estimate their
arrival times, reducing waiting times and improving
travel efficiency. The proposed solution includes a
server that collects location data from bus drivers and
updates a database, which is then accessed by users
through the app. Google Maps API and Distance Matrix
API are integrated to provide accurate route and time
predictions. The study highlights the benefits of real-
time tracking, such as enhanced user convenience,
reduced congestion, and potential applications for
ticketing and vehicle monitoring in the future.[4]

Paper 7. A Systematic Literature Review of Metro’s
Passenger Flow Prediction The research paper
presents a systematic literature review on Metro's
passenger flow prediction, highlighting its significance
in urban rail transit management. Accurate forecasting of
passenger flow is essential for reducing congestion,
improving service efficiency, and optimizing traffic
control. The study explores various predictive models,
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including classical algorithms, regression-based models,
machine learning approaches, and hybrid techniques.
The authors analyze the frequency of these methods in
research, the variables considered in  model
development, and the performance evaluation criteria
used. The findings indicate that machine learning models
are the most explored for passenger flow prediction,
although hybrid models show potential for improved
accuracy. The paper also identifies key factors
influencing passenger flow, such as time of day, weather
conditions, holidays, and station location. The study
concludes that further research should integrate multiple
transportation modes and refine predictive models to
enhance urban transit systems.[11]

Paper 8. Smart Metro Rail Ticketing System : The
research paper titled "Smart Metro Rail Ticketing
System" proposes a biometric-based ticketing solution
for metro railways to enhance security and convenience
for commuters. The system eliminates the need for
physical tickets or identification cards by using
fingerprints as the primary means of user authentication.
Fingerprint data is collected at the time of registration,
encrypted using a two-level encryption scheme (AES
and a hybrid of RSA and S-DES), and securely stored in
the cloud via AWS DynamoDB. On the journey day,
users validate their fingerprint to access or exit the metro
system. This approach not only simplifies the ticketing
process but also significantly improves data security and
minimizes fraud risks. The system is built using Arduino
for hardware interfacing and cloud-based infrastructure
for data management, making it a scalable and efficient
solution for urban transportation. Future improvements
include implementing elliptic curve cryptography (ECC)
for better security and developing a mobile application
for easier ticket booking.[10]

Paper 9. Online Train Booking System Project
Report : The research paper titled "Online Train
Booking System Project Report" by Kamal Acharya
presents a web-based application designed to simplify
and automate the railway ticket booking process. The
system enables users to register, search for train
availability, book tickets, cancel bookings, and check
reservation history—all online—thus eliminating the
need to stand in long queues at railway stations.
Developed using JSP, HTML, CSS, and MySQL, and
run on a Tomcat server, the system provides real-time
access to train schedules, fares, and seat availability. It
supports secure login, PNR status checking, and printing
of tickets, offering a user-friendly interface for both
registered and guest users. The project also includes
detailed system analysis, flowcharts, entity-relationship
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diagrams, and source code, making it a comprehensive
model for modernizing traditional railway ticketing
systems.[2]

Paper 10. GPS Based Train Tracking System:
Utilizing Mobile Networks to Support Public
Transportation : The research paper titled “GPS Based
Train Tracking System: Utilizing Mobile Networks to
Support Public Transportation” presents a solution
aimed at enhancing the safety, efficiency, and real-time
monitoring of Indian railway operations. The proposed
system integrates GPS and GSM (or alternatives like
Zighee/GPRS) to provide accurate, automated train
location tracking. The GPS unit installed on the train
determines its position, which is then communicated to a
central control system via mobile networks and local
station interfaces. This real-time data enables better
scheduling, collision avoidance, and improved
communication between trains and control centers,
thereby reducing reliance on manual reporting by station
masters. The paper also outlines the system’s potential to
automate scheduling, detect delays or overspeeding, and
issue warnings to train drivers. Overall, the system aims
to address safety issues, human error, and inefficiencies
in the current railway tracking mechanisms.[8]

Paper 11. Online Metro Railway-Ticketing With
Data Analytics : The research paper titled “Online
Metro Railway Ticketing with Data Analytics” proposes
a smart and user-friendly web-based metro ticketing
system aimed at replacing traditional manual ticketing
methods. The system enables passengers to register,
recharge metro cards, book tickets online, and file
complaints through a secure platform that stores data on
an loT-based cloud database. Administrators can manage
station data, monitor revenue, and analyze usage patterns
using graphical representations. By integrating data
analytics and cloud technologies, the system improves
operational efficiency, reduces human error, and
enhances commuter convenience. The application also
helps the metro department maintain accurate records,
reduce ticket duplication, and offer real-time service
updates, making public transportation more reliable,
accessible, and technologically advanced.[7]

Paper 12.

Smartphone :
Live Tracking Using Smartphone” presents a system
designed to provide real-time tracking and estimated
arrival times of metro buses using GPS, GPRS, GSM,
and smartphone technologies. The system aims to
improve passenger convenience by allowing them to
check bus locations and expected arrival times through

Metro Bus Live Tracking Using
The research paper titled “Metro Bus
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LED displays at bus stops, SMS alerts, or an Android
app. The paper outlines the implementation of GPS in
buses, which transmits location data to a centralized
control unit. This data, combined with historical speed
patterns and traffic conditions, is used to predict travel
times using algorithms and machine learning models.
The approach enhances operational efficiency and
passenger satisfaction while addressing challenges like
traffic variability and scalability. Though privacy
concerns and occasional technological errors are noted
as limitations, the system marks a significant step toward
intelligent public transport solutions in urban areas.[6]

I11. METHODOLOGY

The basic methodology of the Mumbai Metro tracking
system using GPS and GSM involves real-time location
monitoring of metro trains to enhance operational
efficiency and provide accurate information to
passengers. Each metro train is equipped with a GPS
module that continuously tracks its geographic position.
This location data is transmitted via the GSM (Global
System for Mobile communication) network to a Central
Control Unit (CCU). The CCU processes this data and
updates the current location of the train in a centralized
database. When a user makes a location request—either
through a mobile app or control system interface—the
request is directed to the Update Control Unit (UCU),
which retrieves the latest GPS data. This information is
then displayed to the user, providing real-time details
such as the train’s current location, estimated arrival
time, and route. The system ensures timely updates by
continuously updating and rewriting data in the database
using GPS inputs and GSM communication, making
metro travel more predictable and user-friendly for
commuters in Mumbai..
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Fig. 1. Block Diagram Mumbai Metro Tracking System
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This block diagram illustrates a GPS-based metro train
tracking system designed to provide real-time location
updates to users. The process begins when a user sends a
request for the location of a metro train through a device,
which is then processed by the Central Control Unit
(CCU). This unit works in coordination with the Update
Control Unit (UCU) to retrieve the most recent data. The
metro train is equipped with a GPS module that
constantly sends live data to the central system. This
GPS data is collected, transmitted to the control units,
and then wused to update or overwrite existing
information in the central database. Once updated, this
location data is displayed on the user interface, allowing
users to view the current location of the train along with
additional details like user info and timestamps. The
entire system ensures efficient and accurate monitoring
of metro movement for both users and administrators.
Despite a few spelling errors in the diagram (e.g.,
"Centro" instead of "Central”, and "Datto" instead of
"Data"), the flow clearly represents a reliable, data-
driven metro tracking methodology.

IV. DESIGN

The design and implementation of a Mumbai Metro
Tracking System aim to provide real-time location
updates and estimated arrival times for metro
commuters. The system integrates GPS, 10T sensors, and
mobile applications to track metro trains accurately. GPS
devices installed on trains continuously send location
data to a central server, where it is processed and
displayed on a mobile app and web interface. . This
smart tracking system enhances passenger convenience,
reduces uncertainty, and integrates seamlessly with other
transportation modes, making Mumbai’s metro system
more efficient and commuter-friendly. Additionally,
notifications and alerts inform passengers about delays,
schedule changes, and disruptions, enhancing travel
planning. A key challenge in implementation is signal
loss in underground metro sections, which can be
addressed through Wi-Fi and Bluetooth-based tracking.
This real-time metro tracking system not only improves
passenger convenience but also enhances operational
efficiency for metro authorities by providing data for
better scheduling, maintenance, and crowd management.
With a well-designed infrastructure, this system
contributes to a smarter and more reliable public
transportation network in Mumbai.

V. RESULT & DISCUSSION

The implementation of the Mumbai Metro Real-Time
Location Tracking System has significantly improved
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the commuting experience by providing accurate and
real-time updates on train locations and arrival times.
Commuters now have access to live tracking through a
mobile app and web platform, reducing uncertainty and
improving journey planning. The system has led to better
crowd management, as passengers can plan their travel
based on train availability and expected wait times.
Additionally, real-time notifications about delays,
maintenance, and route changes have enhanced overall
passenger convenience and reduced frustration. As a
result, the Mumbai Metro Real-Time Location Tracking
System has transformed urban transportation, making
travel more efficient, predictable, and commuter-
friendly, while also optimizing metro operations for
long-term sustainability.

VI. CONCLUSION

Mumbai Metro can benefit significantly from predictive
tracking systems like MetroTrack. A hybrid approach
integrating mobile sensors, and edge computing presents
a viable solution. Future research should focus on real-
world implementation and scalability assessment in
high-density commuter environments. Additionally,
advancements in 5G connectivity and loT-based tracking
can further refine metro tracking efficiency. The
Mumbai Metro tracking system is a crucial tool for
enhancing urban mobility in one of India's largest cities.
By providing real-time updates on train locations, arrival
times, and schedules, the system improves passenger
convenience and optimizes daily commuting. It enhances
operational efficiency, reduces congestion, and
encourages the use of public transportation, contributing
to a sustainable urban transit ecosystem. Furthermore,
the integration of digital tools, mobile website, and smart
cards allows for a seamless user experience, ensuring
that Mumbai's growing population can rely on an
efficient and modern transportation network.

Mumbai Aqua Metro

Fig. 2. Metro Tracking Map
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