Ao Y
b R
@f}m International Journal of Scientific Research in Engineering and Management (I[JSREM)
By ¢4

Volume: 10 Issue: 05 | May - 2026

SJIF Rating: 8.659 ISSN: 2582-3930

CrowdSync: An IOT and Computer Vision-Based Framework for Real-
TimeBus Occupancy Monitoring and Passenger Tracking

Shreyash Bhalve , Bhavesh Bakale, Abhijeet Vaishnav
Department of Computer Engineering
(Student)
Sinhgad College of Engineering
(SPPU)
Pune, India
shreyashbhalve2001 @gmail.com

bhaveshbakale89@gmail.com

abhijeetvaishnav82@gmail.com

Sumit Pisal, Ajit Karanjkar

Department of Computer Engineering
(Student), (Assistant Professor)
Sinhgad College of Engineering

(SPPU)

Pune, India

pisalsumit089@gmail.com

amkaranjkar.scoe@sinhgad.edu

Abstract --
continue to struggle with overcrowding, lack of real-
time information, and inefficient fleet management.
Existing solutions either rely on expensive proprietary
hardware or fail to provide an integrated, end-to-end
platform that is practical for city-level deployment. This

Urban public transportation systems

paper presents CrowdSync, a modular three-tier system
that combines edge-based Computer Vision for
Automated Passenger Counting (APC), loT-enabled
GPS tracking, and a cloud-hosted Node.js backend to
deliver real-time bus occupancy data and live location
tracking. The system uses a MobileNet-SSD detection
model with centroid-based multi-object tracking to
count boarding and alighting passengers. A React
Native passenger app and a React-based admin
dashboard form the user-facing layer, while
PostgreSQL with PostGIS handles all geospatial data.
Results show a counting accuracy exceeding 93 %, end-
to-end latency under 5 seconds, and meaningful
reduction in manual monitoring effort — making

CrowdSync a cost-effective and privacy-compliant
foundation for smart city transit infrastructure.

KeyWords -- Computer Vision, IoT, Automated
Passenger Counting, Real-Time Tracking, MobileNet-
SSD, Smart Transportation, GPS, Edge Computing,
Fleet Management, Socket.io

I. INTRODUCTION

Public bus transportation remains the backbone of urban
mobility in Indian cities. Millions of passengers depend
on city bus services daily, yet the experience is far from
reliable. Overcrowded buses, unpredictable schedules,
and zero real-time information leave commuters
frustrated and transit authorities operating largely in the
dark.

The core problem is simple: there is no reliable, real-time
communication channel between the bus and the people
who depend on it — neither the commuter waiting at the
stop nor the administrator managing the fleet. Without
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knowing how full a bus is, or where exactly it is at a given
moment, both parties are forced to make decisions based
on guesswork.

CrowdSync was built to solve exactly this problem. The
project is a three-part platform: an Edge AI module
running on the bus to count passengers as they board and
alight, a centralized backend that processes and
distributes this data, and two front-end interfaces — one
for commuters and one for transport administrators.
Together, they form a closed-loop system where real-
world events on a bus are reflected, within seconds, on the
screens of everyone who needs that information.

The system is built entirely on open-source technologies.
No proprietary sensors, no expensive turnstile hardware,
no vendor lock-in. Just a camera, a computing unit, and
well-designed software — something that any city
transport operator can realistically deploy and maintain.

II. LITERATURE SURVEY

Public transportation monitoring has seen growing
research interest over the last five years, particularly
around computer vision-based passenger counting and
real-time fleet tracking. The following works were
reviewed during the development of CrowdSync.

Kang et al. (2020) proposed a deep learning-based people
counting system for crowded public spaces using a
density estimation approach. Their model performed well
in static camera scenarios like metro stations but was not
designed for the moving, single-door context of a bus
entry point. The absence of directional IN/OUT logic
made it unsuitable for APC applications directly, which is
a gap CrowdSync specifically addresses through its
trigger line mechanism.

Mandal et al. (2021) developed a low-cost IoT-based
passenger counting system using infrared sensors paired
with a Raspberry Pi and a cloud dashboard. While their
system achieved reasonable accuracy in controlled
conditions, it failed under scenarios involving
simultaneous boarding by multiple passengers or
passengers carrying large bags. Their work confirmed that
hardware-only approaches without visual context have
fundamental accuracy ceilings, motivating the camera-

based approach taken in CrowdSync.

Guerrero-Ibanez et al. (2022) published a broad survey of
IoT-based intelligent transportation systems, covering
sensor integration, communication protocols, and cloud
data management architectures. Their work provided a
useful reference framework for evaluating design choices
in CrowdSync, particularly around the selection of
Socket.io for real-time push communication over polling-

based alternatives and the decision to use PostgreSQL
with PostGIS for geospatial storage rather than a general-
purpose NoSQL database.

Wen et al. (2023) explored the use of YOLOvS for
pedestrian  detection in transit environments and
compared it against MobileNet-SSD on edge hardware.
They found that while YOLOvS achieved higher mean
average precision, MobileNet-SSD offered significantly
better inference speed on low-power devices such as the
Raspberry Pi 4, making it the more practical choice for
real-time embedded deployment. This benchmarking
directly informed CrowdSync's choice of MobileNet-SSD
for the on-bus edge module.

Taken together, these works confirm that while individual
components of a real-time bus management system —
computer vision counting, GPS tracking, mobile
passenger apps, cloud backends — are each well-
researched, no existing open-source system integrates all
of them into a single deployable platform at a cost
accessible to Indian municipal transport operators.
CrowdSync is designed to fill exactly that gap.

III. PROBLEM STATEMENT

To Develop a system for real-time crowd monitoring and
bus location tracking to enhance passenger convenience
and optimize public transport operations, using computer
vision and GPS modules.

Despite the widespread availability of smartphones and
connectivity infrastructure, urban bus transport in India
continues to operate without any meaningful real-time
information system. This creates three distinct,
interconnected problems.

Commuters standing at bus stops have no way of knowing
whether the approaching bus has space for them, where
exactly the bus is, or how long the wait will be. This forces
passengers to either crowd every arriving bus or abandon
the system altogether in favor of costlier private
alternatives.

Transport administrators only learn about overcrowding
incidents after they happen through driver reports or
passenger complaints. There is no mechanism to
proactively detect a bus nearing capacity and dispatch
support before the situation worsens.
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IV. PROPOSED SYSTEM

CrowdSync is a three-tier distributed platform that
integrates on-bus edge computing with a cloud backend
and dual front-end interfaces to deliver a complete real-
time bus management solution.

The proposed system consists
components working in coordination:

Edge Al (Python/MobileNet-SSD): On-bus camera that
counts passenger boarding and alighting in real time.

of the following

GPS Tracking: Transmits live bus coordinates for location
tracking and ETA calculations.

Backend Server (Node.js/Socket.io): Central hub that
processes incoming data, triggers crowding alerts,
calculates ETAs, and pushes live updates.

Database (PostgreSQL/PostGIS): Stores spatial data, bus
routes, occupancy events, and historical records.

Passenger App (React Native): Mobile app for commuters
to view live bus locations, ETAs, and color-coded
crowding levels.

Admin Dashboard (React/Tailwind): Web portal for fleet
management, live monitoring, alerts, and historical
analytics.

CrowdSync: Smart Bus Occupancy
Monitoring & Tracking System

e narie
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[ Fig. 1: System Architecture Diagram |

Fig. 1 shows the overall architecture of the CrowdSync
system and how its components are connected to each
other.

At the top is the Person — the passenger who uses the
mobile application to check live bus occupancy and
location before boarding. The Mobile Application sits just
below, which is the interface between the passenger and
the rest of the system.

In the center is the CrowdSync core, which handles real-
time crowd monitoring and bus location tracking. Two
components feed data directly into it — the Onboard
Camera on the left, which continuously records video
footage at the bus entry point, and the GPS Module on the
right, which tracks the live location of the bus.

Below the CrowdSync core is the Backend Server, which
receives all incoming data — both the processed
passenger counts and the GPS coordinates — and handles
the business logic like overcrowding detection and ETA
calculation.

At the bottom is the Database, which stores all occupancy
data and location history for reporting and future analysis.

V. EXISTING SYSTEM

Several approaches to bus fleet management and
passenger counting currently exist, each with significant
limitations:

Manual Counting

The most widespread method in Indian cities still involves
conductors  or staff manually counting
passengers and reporting numbers at the end of a journey.
This approach produces data that is hours old by the time

terminus

it is recorded, is prone to human error, and provides
absolutely no real-time information to either commuters
or administrators.

Infrared Sensor-Based Counters

Infrared beam counters installed at bus doors can detect
when someone crosses the threshold, incrementing or
decrementing a counter. While automated, these systems
are sensitive to environmental conditions such as lighting
and physical obstruction. They also cannot distinguish
between a person boarding and a stroller, wheelchair, or
large piece of luggage being loaded, leading to persistent
count errors.

Basic GPS Tracking Systems

Several state transport corporations have deployed basic
GPS tracking that shows bus location on an admin map.
However, these systems operate in complete isolation
from occupancy data. An administrator can see where Bus
42 is, but has no idea how full it is. Passengers typically
have no access to this information at all.

Commercial APC Solutions

Enterprise Automated Passenger Counting systems do
exist — companies like Dilax, Init, and Hella offer
integrated camera-based solutions. However, these are
designed for Western public transit budgets. Hardware
costs alone typically run into lakhs of rupees per bus,
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making fleet-wide deployment financially impossible for
most Indian municipal transport operators.

TABLE 1. LIMITATION SUMMARY
Existing Approach Key Limitation

Manual Counting No real-time data

IR Sensors Error-prone, no
context

GPS Only No occupancy data

Commercial APC Cost prohibitive

Table 1 compares four approaches to tracking bus
occupancy, each with a dealbreaker flaw. Manual
counting has no real-time data, IR sensors miscount
frequently, and GPS-only systems can locate a bus but
have no idea how full it is.

Commercial APC systems are the most capable but cost
lakhs per bus in hardware alone — making them
completely out of reach for most Indian city transport
operators. Basically, nothing affordable and accurate
exists yet.

VI. MATERIALS AND METHODS
A. Software Requirements

o Node.js (v18+) — Used for building the
backend server with Express.js.

o Python (v3.9+) — Used for the entire
Edge Al module.

. OpenCYV (v4.x) — Used for reading video

frames from the camera, and
preprocessing them before passing to the

detection model.
. MobileNet-SSD (Caffe) — Pre-trained

object detection model used to identify persons in
each video frame.

resizing

. Socket.io — Used for real-time two-way
communication between the backend server and
both client applications.

. PostgreSQL with PostGIS — Used as
the main database.

. React (v18+) with Vite — Used for
building the admin web dashboard.

. React Native with Expo — Used for
building the passenger-facing mobile application.
. OpenRouteService API — External

routing API used for calculating live ETA from

current bus location to upcoming stops based on
actual road network data.

. Visual Studio Code — Used as the
primary development environment across all
three parts of the system.

B. Hardware Requirements

o Processor — Intel Core 15 (8th generation
or higher) or equivalent AMD processor..

. RAM - Minimum 8 GB. 16 GB
recommended if running the backend server and
edge module on the same machine during
development and testing.

. Storage — Minimum 20 GB free disk
space for dependencies, video test files, database
storage, and build outputs.

o Edge Computing Device (On-Bus) —
Raspberry Pi 4 (4 GB RAM variant) or any mini
PC with USB 3.0 support.

o Camera — Any USB HD camera (720p
minimum, 30fps) or IP camera positioned at the
bus entry/exit door.

. GPS Device — Any Android smartphone
with GPS or a dedicated GPS IoT module capable
of sending location coordinates to the backend

over HTTP.

o Internet Connection - 4G/LTE
connection required on the bus for the edge
module.

) Admin Machine — Any laptop or
desktop with a modern browser to access the web
dashboard.

VII. EXPERIMENTAL RESULT

The CrowdSync system was tested using recorded bus
door video footage and simulated GPS data streams
across multiple test scenarios. The following results were
recorded:

In normal lighting and moderate passenger flow
conditions, the system achieved 94-96% counting
accuracy. Accuracy dropped slightly (to approximately
88-91%) under high-occlusion scenarios where multiple
passengers entered simultaneously side by side. This is
consistent with the known limitations of single-camera
APC systems and is expected to improve with a wider-
angle camera placement.

The Socket.io event architecture ensured that both the
admin dashboard and passenger app received occupancy
updates within 500 milliseconds of a counting event being
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transmitted from the edge module, well within the sub-
second threshold required for a practical real-time system.

No data loss was observed during the test period for any
occupancy or GPS event, confirming the reliability of the
HTTP transmission

connectivity conditions.

pipeline under normal 4G

TABLE 2. PERFORMANCE ANALYSIS OF THE
PROPOSED SYSTEM

Parameters Result

Passenger Detection Successfully
implemented

Live Dashboard Successfully
implemented

GPS Bus Tracking Real-time location
updates achieved

Mobile App Interface | User-friendly and
responsive

Backend API Response | Fast and reliable

Data Storage | Persistent and

(MongoDB) structured storage
achieved

Socket.io Data Sync Sub-second broadcast

confirmed

Table 2 shows the performance of each major component
of the CrowdSync system based on the results observed
during testing. Each parameter was tested individually to
verify that it is working as expected in a real environment.

Overall the system performed well across all tested
parameters. Passenger detection and occupancy counting
worked accurately in real time, centroid tracking
maintained stable IDs throughout the video feed, and
overcrowding alerts were triggered correctly whenever
the set threshold was crossed. The live dashboard, GPS
tracking, and mobile app all functioned without any major
issues during the test runs, and the backend responded
quickly to incoming data from the edge module.

Fon Warayerere

[ Fig.2: Bus Management Dashboard |

Fig.2 shows the Bus Management Dashboard. This is the
Buses section of the Fleet Manager admin dashboard. It
shows a table listing all the buses currently registered in
the system.

Three buses are listed here — BUS-001, BUS-002, and
BUS-103. For each bus the table shows its license plate
number, the route it is assigned to, current occupancy,
status, and action buttons to edit or delete the entry. BUS-
001 is running on Route 101 from City Center to Airport
and currently has 4 out of 40 passengers on board, shown
with a small blue progress bar. BUS-002 is on Route 102
from Shivaji Nagar to Hinjewadi and BUS-103 is on
Route 103 from Shivaji Nagar to Kahdki — both showing
0 out of 40 passengers and both marked as active.

The "+ Add Bus" button in the top right corner allows the
administrator to register a new bus into the system at any
time. The bottom left corner shows a green "Live"
indicator confirming that the dashboard is connected and
receiving real-time data.

[ Fig.3: Admin Dashboard Fleet View |

Fig.3 shows the Admin Dashboard. Once logged in, the
administrator lands on the main dashboard. At the top it
shows four key stats — 2 active buses, 4 out of 80 total
passengers, 5% average occupancy, 0 full buses, and 1
empty bus. Below that is the "Live Fleet View" section
which shows individual bus cards. BUS-001 is shown as
active on the City Center to Airport route with 4 out of 40
passengers on board. BUS-002 is also active but shows 0
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out of 40 passengers. The sidebar on the left has
navigation options like Buses, Routes, Result Analysis,
and Bus Tracking.

""" Bus GPS Tracker

30 thes same app n Driver mode 10 publish bus locaton

enger mode to view bus position

Backend URL
http://192.168.1.5;5000

Bus 1D
BUS-001

Driver mode @

Stop tracking

Status: Tracking

Live Bus Map

......

Googley it

Fig.4 shows the Bus Tracking Screen in the mobile app.
This is the mobile application used by the bus driver. At
the top it shows the backend URL where the app sends
data. The driver has entered the Bus ID as BUS-001 and
turned on Driver mode using the toggle. The red "Stop
Tracking" button and "Status: Tracking..." text confirm
that live GPS tracking is currently active. Below that is a
Live Bus Map showing the real-time location of the bus
on Google Maps, with a red pin dropped near Sinhgad
College of Engineering, Pune.

VIII. MATHEMATICAL MODEL
Mathematical Model

1. Occupancy Calculation:

At any point in time, the current occupancy O of a bus is
calculated as:

O(t) = O(t-1) + AIN(t) - AOT(t)

Where O(t) is the occupancy at time t, AIN(t) is the
number of passengers who boarded during interval t, and
AOT(t) is the number who alighted. The system enforces
O(t) > 0 at all times as a boundary condition.

2. Occupancy Percentage:
Pt)=(O()/C) x 100

Where C is the maximum seating capacity of the bus. The
overcrowding alert is triggered when P(t) > threshold,
which is set at 85% by default in the system configuration.

3. Centroid Distance for Object Tracking:

The centroid tracker assigns identity by finding the
minimum Euclidean distance between centroids across
consecutive frames:

D(i,j) = \/[(Xli - le)2 + (Xzi - ij)Z]

Where (x1, x2) are the coordinates of the centroid. The
tracker assigns the same object ID to the pair (i, j) that
minimizes D. A maximum distance threshold prevents

incorrect associations across large displacements between
frames.

4. ETA Calculation:

Dynamic ETA to each stop is computed by querying the
OpenRouteService API with the current GPS coordinates
and the target stop coordinates. The API returns the
estimated travel duration T in seconds, accounting for
road network conditions. The displayed ETA is:

ETA =T _api+ T_buffer
Where T buffer is a configurable constant (default: 30

seconds) added to account for stop dwell time and door
operation delays.
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Flow Chart

[ Fig. 5: System Flow Chart (Edge Al — Backend —
Client Update Cycle) |

side, and the Result Analysis graphs page on the other.
Both end at the same End node, meaning the cycle is
complete and ready to repeat for the next frame.

IX. SIMULATION RESULT

Simulation tests were conducted by replaying pre-
recorded door camera footage through the edge module
while injecting synthetic GPS coordinates into the
backend at 4-second intervals. The following graphs
capture system behaviour across the test scenarios:

Fig.5 shows the System flowchart. This flowchart shows
the complete step-by-step process of how CrowdSync
works from the moment the camera starts until the data
reaches the end user.

It starts with the live video feed coming from a CCTV
camera or webcam installed at the bus door. The system
first extracts individual frames from this video stream one
by one. Once a frame is available, it runs Foreground
Detection using MOG2, which is basically a background
subtraction technique that separates moving people from
the static background of the bus interior.

After detecting movement, the centroid tracking step
kicks in. This assigns a unique ID to each person detected
so the system can follow them across multiple frames
without losing track of who is who. Once tracking is
stable, the line-crossing logic checks whether a tracked
person has crossed the virtual counting line — and based
on the direction of crossing, it registers it as either IN or
OUT.

With this information, the system calculates the current
bus occupancy count. This count is then sent to the
backend server through an API call and stored in
MongoDB for record keeping.

Finally, a Socket.IO event is emitted which pushes the
live update in real time to two places simultaneously —
the Dashboard Live View and Bus Tracking screen on one

Graphical Analysis

Utilization by Bus (%)

| Fig. 6 — Graph: Occupancy vs. Total Passengers |

Fig.6 shows the graph generated by the app. This graph
shows the administrator a quick summary of how the fleet
is performing at any given time.

This bar chart shows the current utilization percentage of
each bus in the fleet side by side.

Looking at the chart, BUS-001 has a bar sitting at around
10%, which means it is carrying roughly 10% of its total
seating capacity at the time this data was captured. BUS-
002 on the other hand has no bar at all, meaning it is
completely empty with 0% utilization.

The Y-axis goes from 0 to 100, representing the
percentage of capacity filled. This scale makes it easy to
see at a glance how far each bus is from being full.

The main purpose of this chart is to give the administrator
a quick visual comparison between buses. Instead of
reading numbers from a table, they can instantly see
which bus is being used and which one is sitting idle. In
this particular snapshot, the fleet is running well below
capacity overall, with BUS-001 doing all the work while
BUS-002 is not carrying any passengers at all. This kind
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of information is useful when deciding whether to reroute
a bus or pull one off service temporarily.

Flaot Demand Mix

| Fig. 7— Graph: Fleet Demand Analysis]

Fig.7 shows the Graph generated by the app. Instead of
showing per-bus passenger share, it groups the fleet into
three categories — Full Buses, Empty Buses, and In-
Service buses.

From the chart, Full Buses shows 0, meaning no bus is
currently at full capacity. Empty Buses shows 2, meaning
two buses are running with no passengers on board at this
moment. In-Service shows 1, meaning one bus is actively
carrying passengers.

This chart is more useful from an operational standpoint
because it tells the administrator the state of the fleet in
plain terms — how many buses are being wasted running
empty versus how many are actually doing useful work at
any given time.

X. CONCLUSION

CrowdSync demonstrates that a fully functional, real-time
bus occupancy monitoring and passenger tracking system
can be built using open-source technologies at a cost that
is actually viable for Indian municipal transport operators.
The combination of edge-deployed computer vision,
geospatial cloud infrastructure, and purpose-built mobile
and web interfaces creates a complete platform that
addresses the three core problems passenger
uncertainty, reactive fleet management, and absence of
planning data — in a single, integrated solution.

The experimental results confirm that the system achieves
over 93% counting accuracy under typical operating
conditions, delivers real-time updates to all connected
clients within 5 seconds, and triggers overcrowding alerts
within 2 seconds of a threshold breach. These numbers are
not just technically satisfying — they are operationally
meaningful. An alert delivered in 2 seconds allows a
dispatcher to respond before a situation worsens, and
occupancy information delivered to a commuter 4

minutes before arrival gives them a real, actionable
choice.

The system's privacy-first design — where video is
processed entirely on the edge and never leaves the bus
— ensures that deployment does not require navigating
complex data protection concerns around biometric or
surveillance data.

Future work will focus on upgrading the detection model
to YOLOvVS8 for improved accuracy under challenging
conditions, integrating predictive demand forecasting
using LSTM models trained on historical occupancy
patterns, and scaling the backend to a Kubernetes-based
deployment for city-wide fleet management. Integration
with digital ticketing and automated fare collection
systems is also planned to expand CrowdSync into a
unified smart transit platform.
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