International Journal of Scientific Research &

") Engineering Trends
/ Volume 12, Issue 2, Mar-Apr-2026, ISSN
(Online): 2395-566X

QA2

Realtime Visual Crowd Guidance System
Ganapathy T, Thirumalai T, Anbarasan A J

Abstract- The Real-Time Visual Crowd Guidance System for Railway Stations is a smart safety and passenger management
solution developed using Python and ESP32 with serial communication. A camera connected to the Python system continuously
monitors the crowd near each train compartment and analyzes the density in real time using computer vision techniques such as
OpenCV-based people detection. Based on the crowd level, the Python application sends serial commands to the ESP32, which
controls the red, yellow, and green LEDs, buzzer, and LCD display to guide passengers. When the crowd is high, the red LED
glows, buzzer alerts, and the LCD displays “Move to Next Compartment”; for moderate crowd, the yellow LED indicates caution;
and for low crowd, the green LED with the message “You Can Enter” is shown. This system helps reduce congestion, improves
passenger flow, and enhances safety in railway stations during peak hours through real-time visual and audio guidance.
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I. CHAPTER 1 INTRODUCTION e Real-time tracking algorithms monitor movement
direction and speed. This helps identify congestion

Overview points and abnormal flow patterns. The system can

e The Real-Time Visual Crowd Guidance System is a predict potential overcrowding situations.
computer vision—based solution designed to monitor
and manage crowd movement dynamically. It analyzes e The architecture is edge-based, meaning all
live video feeds using Python to detect density and computations occur on a local machine. This enhances
flow patterns. privacy and reduces latency.

e  The system uses cameras as primary input sources to e The system provides visual overlays on the video feed.
capture continuous video streams. These video frames Indicators such as colored zones (green, yellow, red)
are processed in real time using image processing represent safety levels. This helps authorities quickly
techniques. The goal is to understand crowd behavior interpret crowd conditions.
instantly.

e Alerts are generated automatically when density

e Python serves as the core development language due exceeds predefined thresholds. These alerts can be
to its rich ecosystem of computer vision libraries. displayed on a control dashboard. Immediate
Libraries such as OpenCV and NumPy enable efficient intervention becomes possible.
frame processing. The implementation remains
lightweight and locally deployable. e The guidance mechanism suggests alternative routes

based on congestion analysis. Directional arrows and

e The system detects individuals within a frame using signboards can be displayed on digital screens. This
object detection algorithms. Pre-trained deep learning improves crowd flow efficiency.
models can be integrated for person detection. This
allows accurate Counting and tracking of people in e Heatmaps are generated to visualize crowd
crowded environments. concentration. These maps provide intuitive

representations of high-traffic zones. Heatmaps assist

e Crowd density estimation is performed by analyzing in decision-making during peak hours.
the number of detected individuals per frame. The
system calculates spatial distribution across different e The system supports multi-camera integration within a
zones. High-density areas are flagged for immediate local network. Feeds from multiple sources are
action. synchronized for broader coverage. This ensures

comprehensive monitoring of large venues.
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Data storage is handled locally using structured
formats such as CSV or local databases. Historical data
can be analyzed for pattern recognition. This supports
future planning and risk assessment.

The solution can be deployed in public spaces like
malls, stadiums, railway stations, and campuses. It
enhances safety in mass gathering environments. Real-
time response reduces accident risks.

Python-based machine learning models can be trained
to recognize abnormal behaviors. Examples include
sudden crowd surges or unusual movement patterns.
Early detection helps prevent emergencies.

The system ensures data privacy by avoiding cloud
transmission. Video data remains within the local
infrastructure. This makes it suitable for sensitive
environments.

Performance optimization techniques are used to
maintain real-time speed. Frame resizing and region-
of-interest processing reduce computational load.
Efficient coding ensures smooth operation.

The system can be integrated with local alarm systems.
Audio warnings or display notifications can guide
people instantly. This provides immediate corrective
action.

A user-friendly graphical interface can be developed
using PyQt5. The dashboard displays live feeds,
statistics, and alerts. Operators can monitor multiple
zones simultaneously.

Threshold values for crowd density are customizable.
Authorities can configure limits based on venue
capacity. This makes the system adaptable to various
environments.

The guidance system supports predictive analytic
using historical trends. By analyzing previous data, it
forecasts peak congestion times. Preventive measures
can be planned in advance.

The modular design allows easy upgrades and
expansion. New detection models can be integrated
without redesigning the system. Scalability is
maintained at the software level.
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e The system operates with minimal hardware
requirements. A standard computer with a GPU
enhances performance but is optional. This keeps
deployment cost-effective.

e The application enhances public safety by reducing
stampede risks. Controlled crowd movement
minimizes panic situations. Authorities gain better
situational awareness.

e Overall, the Real-Time Visual Crowd Guidance
System provides a smart, efficient, and privacy-
focused solution. Built entirely using Python and local
processing, it eliminates cloud dependency. It ensures
safe, organized, and intelligent crowd management in
real time.

Objective

e Todevelop areal-time crowd monitoring system using
Python for effective crowd management.The system
aims to process live video feeds without delay.It
ensures timely detection of congestion and abnormal
movement.

e To detect and count individuals accurately in a given
area.The objective is to use computer vision
techniques for person detection.This enables precise
estimation of crowd size at any moment.

e To estimate crowd density in different zones of a
monitored location.The system calculates the number
of people per defined area.lt identifies high-density
regions to prevent overcrowding.

e To monitor crowd movement direction and flow
patterns.Tracking algorithms analyze how people
move within the space.This helps in understanding
traffic trends and bottlenecks.

e To identify congestion points in real time.The
objective is to detect slow-moving or stagnant crowd
clusters.Early detection helps prevent stampedes and
chaos.

e To generate automatic alerts when crowd thresholds
are exceeded.Predefined limits are set based on venue
capacity.Alerts notify authorities for immediate action.
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To provide visual guidance through on-screen
indicators.Color-coded zones and directional arrows

are displayed.This helps redirect crowd flow
efficiently.
To ensure the system works without cloud

dependency.All processing is performed locally on a
computer system.This improves privacy and reduces
network latency.

To maintain real-time performance with optimized
processing.The objective includes minimizing frame
processing delay.Efficient algorithms ensure smooth
video analysis.

To develop a user-friendly graphical interface for
monitoring.The interface displays live video, density
statistics, and alerts.Operators can easily manage
multiple zones from one dashboard.

To store crowd data locally for analysis and
reporting.Data such as density levels and timestamps
are recorded.This helps in reviewing past events and
planning improvements.

To implement heatmap visualization for better
understanding.Heatmaps highlight high-traffic areas
clearly.This supports quick and informed decision-
making.

To enhance public safety in  crowded
environments.The system aims to reduce risks of
overcrowding incidents.Organized movement ensures
safer public gatherings.

To support multi-camera integration within a local
network.Multiple video feeds can be processed
simultaneously. This ensures wide-area coverage.

To detect abnormal crowd behavior patterns.Sudden
surges or unusual motion are identified
automatically.This enables preventive intervention.

To design a scalable and modular architecture.The
system should allow easy upgrades and
expansion.New features can be integrated without
major redesign.

To minimize hardware requirements and cost.The
objective is to run efficiently on standard computing
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systems.Optional GPU support enhances performance
if available.

To provide customizable density threshold
settings.Administrators can adjust limits based on
location capacity.This ensures adaptability across
different venues.

To enable predictive analysis using historical data.Past
crowd trends are analyzed to forecast peak hours.This
helps in proactive crowd control planning.

To create a reliable, efficient, and privacy-focused
crowd guidance solution.The system ensures secure
local data processing.It promotes intelligent and
organized crowd management in real time.

Il. CHAPTER 2 LITERATURE SURVEY

Manorma Malik, Manu Sharma & Navya Chopra
(2022): “Crowd Counting and Detection” explored
deep learning-based crowd counting using YOLOv5
and DeepSORT, highlighting real-time person
detection and tracking feasibility for crowd systems.

Jyothis Joseph et al. (2025): “A Crowd Monitoring and
Real-Time Tracking System using CNN” focused on
real-time crowd behavior monitoring and anomaly
detection, demonstrating CNN-based tracking and
alerts.

B. S. Prakash, B. Tamilsudar & T. Viswanath Kani
(2025): “Al Enhanced Surveillance for Identifying and
Recognizing Crowd Behavior” reviewed deep learning
methods (CNN, RNN) for crowd behavior recognition,
emphasizing real-time analysis.

V. Ramabai et al. (2025): “Using Existing CCTV
Network for Crowd Management” integrated
YOLOV5 into CCTV systems to enhance real-time
crowd control and crime prevention through
autonomous detection.

Mubin Modi, Zaid Marouf, Anvay Wankhede & Dr.
Shabina Sayed (2025): “Real-time Crowd Counting
Application” developed a YOLOv4-based system for
crowd counting with live analytics, suitable for
security and public safety.

Sheela S. Maharajpet & Ananya V. Hegde (2025):
“Intelligent Real-Time Crowd Density Estimation”
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10.

11.

12.

13.

14.

15.

16.

used YOLOV8 and CSRNet to estimate crowd density
with a real-time dashboard for safety decision-making.

Fuqgiang Jin et al. (2024): “Crowd Counting and People
Density Detection: An Overview” provided a broad
survey of CNN and YOLO models for crowd density
estimation in computer vision systems.

Megha B Prathap et al. (2025): “Enhanced Crowd
Analysis Using YOLO” compared YOLO versions
(v3, vb, v7, v8) for crowd detection accuracy and
speed, guiding model selection for real-time systems.
Joglekar Narendra & Kumbhar Akshay (2025):
“Human Detector & Counting” examined traditional
and deep learning crowd detection methods and
discussed integration with edge computing.

Pavitra Kannan et al. (2025): “Real-time Crowd
Monitoring and Management” highlighted the
importance of real-time vision systems to replace
manual observation for space and emergency planning.

LCDnet Authors (2023): “LCDnet: lightweight Crowd
Density Estimation Model” developed a CNN-based
model for fast density maps suitable for edge devices
in real-time surveillance.

Shijie Huang et al. (2023): “Machine Vision-based
Crowd Density Estimation” proposed YOLOV3
pedestrian detection and evacuation simulation,
contributing to crowd risk prediction frameworks.

Narinder Singh Punn et al. (2020): “Monitoring
COVID-19 Social Distancing” used YOLOvV3 and
DeepSORT for real-time human detection and social
distance monitoring in public spaces.

Akbar Khan et al. (2020): “Crowd Monitoring and
Localization Using DCNN” reviewed CNN
approaches to crowd monitoring challenges like
occlusion and density variation in smart environments.

Smith, J. A. et al. (2022): “Deep Learning for Crowd
Counting,” researched CNN architectures to improve
crowd counting accuracy and ground truth alignment.

ML Integrators (2025 IJETIR): “Hybrid Crowd
Density Monitoring and Management System”
combined Al vision models with sensors for real-time
detection and predictive density estimation.

17.

18.

19.

20.
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Recent Al Nirikshak Implementation (2025): Nagpur’s
Al-based crowd management pilot showcased real-
time density tracking and predictive alerts with multi-
sensor CCTV integration.

Computer Vision Crowd Counting Surveys (2022):
Research surveys summarized CNN-based density
estimation approaches and their evolution in
surveillance applications.

YOLO Use in Edge Analytics (2023): Various projects
demonstrated how YOLO models on embedded boards
can count and analyze crowds in real time for smart
systems.

Benchmark Datasets for Crowd Analytics: Studies and
discussions on crowd datasets like UCF-CC-50 and
JHU-CROWD++ highlight challenges in detection and
model training for real-time systems.

1. CHAPTER 3
EXISTING AND PROPOSED SYSTEM

Existing System

Traditional crowd management systems mainly rely on
manual supervision.Security personnel monitor CCTV
screens continuously.Human observation is prone to
fatigue and errors.

Most existing systems use basic CCTV surveillance
without automation.Cameras only record footage for
later review.Real-time analytical capabilities are often
limited.

Many crowd monitoring solutions depend heavily
platforms.Video data is transmitted to remote servers
for processing.This increases dependency on stable
internet connectivity.

Cloud-based systems introduce latency in data
processing.Delay occurs during data transmission and
response generation. This can affect real-time decision-
making in emergencies.

Some systems use sensor-based crowd detection
methods.Infrared sensors or motion detectors estimate
presence.These methods lack high accuracy in dense
environments.
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Existing solutions often require expensive hardware
infrastructure.Dedicated  servers and advanced
networking equipment are needed.This increases
installation and maintenance costs.

Many systems focus only on crowd counting.They do
not analyze movement direction or behavior
patterns.As a result, congestion prediction is limited.

Heatmap generation in older systems is often
static.Data is analyzed after events have
occurred.Real-time visualization features are minimal.

Several crowd control mechanisms depend on manual
alerts.Staff members inform authorities after noticing
congestion.This reactive approach delays preventive
action.

Current systems may not provide automated guidance
instructions.They detect crowd levels but do not
suggest alternate routes.Human intervention is
required for crowd redirection.

Many implementations lack customizable threshold
settings.Fixed limits are predefined by vendors.This
reduces adaptability across different venues.

Existing  cloud-based models raise  privacy
concerns.Video footage is stored on remote
servers.This increases risk of data breaches or misuse.

Some systems require  continuous internet
access.Network failure can disrupt monitoring
operations.Offline functionality is often unavailable.

Real-time tracking in older systems is limited.They
may detect objects but fail to track individuals
consistently. This reduces movement pattern accuracy.
Most existing dashboards are complex and non-user-
friendly.Operators require specialized training to
interpret data.Ease of operation is often compromised.

Data  storage in  traditional  systems s
unstructured.Retrieving  past records can be
difficult. Analytical reporting capabilities are minimal.
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e Integration with multiple cameras is sometimes
inefficient.Systems struggle to synchronize feeds
effectively. This limits coverage in large areas.

e Predictive analysis features are rarely
implemented.Most systems focus only on real-time
monitoring.Future congestion forecasting is not
considered.

e Maintenance of cloud-based systems involves
recurring  costs.Subscription  fees and  server
maintenance increase expenses.Small organizations
may find it unaffordable.

e  Overall, existing systems are either manual, cloud-
dependent, or limited in intelligence.They lack fully
automated, local, real-time guidance mechanisms.This
creates the need for a Python-based, cloud-
independent solution.

Disadvantages

e Heavy dependence on manual monitoring reduces
efficiency.Security staff must constantly observe
multiple screens.Human fatigue can lead to missed
critical situations.

e Cloud dependency increases operational risk.Systems
rely on stable internet connectivity.Network failure
can interrupt monitoring completely.

e High latency in cloud-based processing affects
response time.Video data transmission causes
delays.Emergency decisions may not be taken
instantly.

e Increased installation and maintenance costs.Cloud
subscriptions and  server infrastructure are
expensive.Small organizations may face financial
burden.

e Privacy concerns due to remote data storage.Video
footage is stored on external servers.This increases the
risk of data breaches.

e Limited real-time analytics in traditional CCTV
systems.Cameras often only record footage.Analysis is
performed after incidents occur.
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Inaccurate  crowd  estimation  using  basic
sensors.Infrared or motion sensors cannot measure
dense crowds precisely.This reduces reliability in
critical environments.

Lack of automated crowd guidance
mechanisms.EXxisting systems detect congestion but do
not provide redirection.Authorities must manually
manage crowd flow.

Poor scalability in large venues.Integrating multiple
cameras becomes complex.System performance may
degrade with expansion.

Fixed threshold limits reduce flexibility.Many systems
use predefined crowd limits.

Customization based on venue size is limited.

Inefficient abnormal behavior detection.Sudden crowd
surges may go unnoticed.

Systems often lack intelligent prediction models.

Complex user interfaces require training.Operators
need technical knowledge to interpret data.This
reduces usability for non-technical staff.

High  hardware requirements in  advanced
systems.Dedicated servers and GPUs are often
mandatory.This increases setup complexity.

Limited predictive analysis capabilities.Most systems
focus only on current crowd levels.They do not
analyze historical trends.

Delayed alert mechanisms.Alerts are often triggered
after congestion becomes severe.Preventive action is
not proactive.

Inconsistent performance under heavy load.Large
crowds may reduce detection accuracy.Frame drops
can occur during peak hours.

Data retrieval and reporting limitations.Historical data
may not be structured properly.Generating analytical
reports becomes difficult.
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e Limited offline functionality.Cloud-based systems
cannot operate without internet access.Monitoring
stops during connectivity issues.

e Dependence on vendor-specific
technologies.Upgrading or modifying the system
becomes difficult.Customization options are restricted.

e Overall lack of an integrated intelligent
solution.Existing systems combine manual and semi-
automated features.They fail to provide a fully local,
real-time, and automated crowd guidance system.

Proposed System

e The proposed system is a Python-based real-time crowd
monitoring and guidance solution.It uses computer vision
techniques to analyze live video feeds.All processing is
performed dependency.

e  The system captures live video streams from surveillance
cameras.Each frame is processed instantly using image
processing algorithms.This ensures continuous real-time
monitoring of crowd activity.

e Person detection is implemented using deep learning
models.The system identifies and counts individuals in each
frame.Accurate counting enables reliable crowd density
estimation.

e  Crowd density is calculated for predefined zones.The area is
divided into multiple regions for analysis.High-density zones
are automatically identified.

e Real-time object tracking is integrated into the system.lt
monitors movement direction and speed of individuals.This
helps detect congestion and unusual flow patterns.

e  The system generates automatic alerts when thresholds are
exceeded.Predefined crowd limits are set based on location
capacity.Alerts help authorities take immediate preventive
action.

e Visual guidance is provided using on-screen
indicators.Color-coded zones (green, yellow, red) represent
safety levels.Directional arrows assist in redirecting crowd
movement.

e Heatmap visualization is implemented for better
clarity.High-density areas are highlighted using color
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intensity. This allows quick identification of congestion
points.

The architecture is fully edge-based.All computations occur
on a local computer system.This eliminates the need for
internet or cloud servers.

The system ensures data privacy and security.Video data is
not transmitted outside the local network.Sensitive
information remains protected within the organization.

A user-friendly graphical interface is developed.The
dashboard displays live feeds, statistics, and alerts.Operators
can monitor multiple zones simultaneously.

Multi-camera integration is supported.Several cameras can
be connected within a local network.This enables monitoring
of large venues effectively.

Historical data is stored locally for analysis.Records include
crowd count, density levels, and timestamps.This helps in
studying trends and improving planning.

Predictive analysis can be performed using stored data.The
system analyzes past crowd patterns.It forecasts peak hours
and potential congestion periods.

The system is modular and scalable.New detection models
can be integrated easily.

Future upgrades can be implemented without major redesign.
Performance optimization techniques are applied.Frame
resizing and region-based processing reduce load.This
ensures smooth real-time performance.

Customizable threshold settings are included.Administrators
can adjust density limits as needed.This makes the system
adaptable to different environments.

The proposed system is cost-effective.lt runs on standard
computers with optional GPU support.No recurring cloud
subscription fees are required.

The solution enhances public safety significantly.Early
detection of overcrowding reduces accident risks.Organized
movement prevents panic situations.

Overall, the proposed system provides an intelligent,
automated, and privacy-focused crowd guidance
mechanism.Built entirely in Python, it ensures efficient real-
time monitoring.It offers a reliable alternative to traditional
and cloud-dependent systems.
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Advantages

The system operates completely in real time.Live
video frames are processed instantly without
delay.This enables immediate detection of
overcrowding situations.

All processing is done locally on a computer
system.This reduces internet usage and operational
risk.

Low latency in data processing.Since computation
happens at the edge, response time is faster.Emergency
actions can be taken immediately.

Enhanced data privacy and security.Video footage is
stored within the local infrastructure.There is no risk
of external cloud data exposure.

Cost-effective implementation.No cloud subscription
or server maintenance fees are required.It runs on
standard hardware with optional GPU support.

Accurate crowd counting using computer vision.Deep
learning models detect individuals precisely.This
improves reliability compared to sensor-based
systems.

Real-time crowd density estimation.The system
calculates density in predefined zones.High-risk areas
are identified quickly.

Automatic alert generation.Alerts are triggered when
crowd thresholds are exceeded.

Authorities receive timely notifications.

Visual guidance through color-coded
indicators.Green, yellow, and red zones indicate safety
levels.This simplifies decision-making for operators.

Heatmap visualization support.High-density areas are
highlighted clearly.

It provides intuitive and easy-to-understand insights.

Multi-camera integration capability.Multiple video
feeds can be monitored simultaneously.This ensures
wide-area coverage in large venues.
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Customizable threshold settings.Administrators can
modify density limits as required.

The system adapts to different venue capacities.

Scalable and modular design.New features and
detection models can be added easily.

System expansion does not require full redesign.
Offline functionality.The system works without
internet connectivity. Monitoring continues even
during network failure.

Reduced human workload.Automation minimizes the
need for continuous manual monitoring.Staff can focus
on decision-making rather than observation.

Predictive analysis capability.Historical data can be
used to forecast peak times.

Preventive planning becomes more effective.

User-friendly graphical interface.The dashboard
displays live feeds and statistics clearly.Operators can
manage the system easily.

Faster emergency response.Real-time alerts enable
immediate crowd control measures.This reduces the
risk of accidents and stampedes.

Efficient resource management.Authorities can deploy
staff based on real-time crowd data.This improves
operational efficiency.

Overall, the proposed system provides an intelligent,
reliable, and secure crowd management solution.
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IV. CHAPTER 4 SYSTEM FUNCTION
Block Diagram

Imaga praprocessing
Module

Data input from the

o Imape Sezmentation

Power Supply

Fig No : 4.1 BLock Diagram

System Modules

Video Capture Module

Preprocessing Module

People Detection & Counting Module
Crowd Analysis Module

Alert & Visual Guidance Module

Module Description

Video Capture Module

The Video Capture Module is the primary input unit of the
Real-Time Visual Crowd Guidance System. It uses an
ESP32 integrated with a camera module to continuously
capture live video from the monitored area. This real-time
visual data forms the foundation for further processing and
analysis. The quality of captured frames directly affects
detection accuracy and system performance.

The module is designed to stream video frames efficiently
to the processing unit without significant delay. It ensures
stable image acquisition even in crowded and dynamic
environments. The camera settings such as resolution and
frame rate are configured to balance performance and
processing speed. This enables smooth real-time
monitoring of crowd movement.
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The captured video frames are transmitted to the Al-based
image processing module. These frames are then analyzed
using deep learning algorithms to detect and count
individuals. Accurate frame capture ensures better object
recognition and density estimation. This improves the
reliability of crowd analysis.

The module operates continuously during system runtime,
providing uninterrupted visual input. It is capable of
functioning under different lighting conditions with proper
configuration. The ESP32 handles data transmission
efficiently using Wi-Fi connectivity. This allows seamless
integration with cloud or dashboard systems.

Overall, the Video Capture Module acts as the backbone of
the system. Without accurate and consistent video input,
crowd detection and guidance would not be possible. It
ensures that real-time data is always available for
monitoring, analysis, and decision-making.

Preprocessing Module

The Preprocessing Module is the initial stage of the system
where raw video input is prepared for further analysis. It
captures live video streams from surveillance cameras and
converts them into individual frames. These frames are
standardized in terms of size and resolution to maintain
uniformity. Proper formatting ensures compatibility with
detection algorithms. This stage reduces inconsistencies in
raw data. It plays a vital role in improving overall system
accuracy and efficiency.

In this module, noise reduction techniques are applied to
enhance frame clarity. Filters such as Gaussian blur help
remove random noise caused by poor lighting or camera
motion. This improves object visibility and reduces false
detection. Brightness and contrast adjustments are also
performed when necessary. These corrections ensure that
individuals are clearly distinguishable from the
background. Clean input frames significantly improve
detection performance.

Background subtraction is another important function of
preprocessing. It separates moving objects from static
backgrounds. By identifying only dynamic regions, the
system focuses on relevant areas. This reduces
computational load and increases processing speed. It also
minimizes interference from stationary objects. Efficient
background removal supports accurate crowd monitoring.

The module may also convert color images into grayscale
format. Grayscale processing reduces computational
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complexity while preserving essential features. Edge
detection techniques can be applied to highlight human
shapes. These enhancements support better object
recognition. Feature extraction methods prepare the frame
for deep learning models. Optimized frames allow
smoother real-time execution.

Region of Interest (ROI) selection is implemented to
analyze only specific zones. Instead of processing the entire
frame, selected areas are monitored. This approach
improves efficiency in large environments. It also allows
focused monitoring of high-risk areas. ROIs can be
customized based on venue layout. This flexibility
enhances system adaptability.

Overall, the Preprocessing Module forms the foundation of
the system. It ensures that video data is clean, structured,
and optimized. Proper preprocessing increases detection
accuracy and reduces errors. It also maintains real-time
processing capability. Without effective preprocessing,
later modules may not perform reliably. Hence, it is a
crucial component of the system architecture.

People Detection & Counting Module

The People Detection & Counting Module is responsible
for identifying individuals within each processed frame. It
uses computer vision and deep learning techniques for
accurate detection. Pre-trained models are utilized to
recognize human shapes. Bounding boxes are drawn
around detected persons. Each detection is verified to
minimize false positives. This ensures reliable crowd
estimation.

Advanced object detection algorithms improve recognition
accuracy. The model distinguishes humans from other
objects in the scene. Even in moderately crowded
environments, detection remains effective. The system
continuously scans each frame in real time. Detection speed
is optimized to avoid lag. Accurate identification is
essential for correct counting.

After detection, the module counts the total number of
individuals present. The count updates dynamically with
each frame. This provides real-time crowd size
information. The system displays the count on the
monitoring dashboard. Continuous updates help track
sudden increases. This feature supports immediate
decision-making.

Object tracking techniques are integrated to prevent
duplicate counting. Each person is assigned a temporary
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unique identifier. Tracking ensures individuals are
followed across multiple frames. This improves
consistency and reliability. It also helps analyze movement
patterns. Accurate tracking enhances overall system
precision.

The module supports multiple camera feeds
simultaneously. Counts from different zones are processed
independently. This allows detailed monitoring of large
venues. Zone-wise counting helps detect uneven
distribution. Authorities can identify overcrowded sections
quickly. Multi-camera support increases system scalability.

Overall, this module acts as the core detection engine. It
transforms processed video frames into meaningful
numerical data. Accurate detection and counting are crucial
for density analysis. Reliable crowd size information forms
the basis for alerts. The module ensures precision and real-
time responsiveness. It is essential for effective crowd
management.

Crowd Analysis Module

The Crowd Analysis Module processes counting data to
evaluate crowd conditions. It calculates crowd density by
comparing the number of people to the area size. Density
values are continuously updated in real time. These values
are compared against predefined safety limits. High-
density zones are flagged immediately. This enables
proactive crowd control.

The system divides the monitored area into multiple zones.
Each zone is analyzed independently for better accuracy.
Uneven crowd distribution can be detected quickly.
Congested areas are identified before they become critical.
This zonal approach improves monitoring efficiency. It
also supports targeted intervention.

Movement direction and speed are analyzed using tracking
data. The module identifies slow-moving or stationary
clusters. These clusters often indicate congestion points.
Sudden crowd surges can also be detected. Early
identification reduces the risk of accidents. Continuous
analysis ensures situational awareness.

Heatmaps are generated to visually represent crowd
concentration. Warmer colors indicate higher density areas.
This graphical representation is easy to interpret. Operators
can quickly understand critical zones. Heatmaps simplify
complex data visualization. They improve clarity and
decision-making.
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Historical data storage allows trend analysis. The module
records timestamps and density levels. Past data helps
identify peak hours and recurring patterns. Predictive
insights can be generated using stored information. This
supports better event planning. It also improves long-term
safety management.

Overall, the Crowd Analysis Module converts numerical
data into actionable insights. It provides a deeper
understanding of crowd behavior. Real-time and historical
analysis improve control strategies. The module enhances
safety and operational efficiency. It plays a key role in
preventing overcrowding incidents. Intelligent analysis
ensures better crowd guidance.

Alert & Visual Guidance Module

The Alert & Visual Guidance Module activates when
unsafe crowd conditions are detected. It compares density
values with predefined thresholds. If limits are exceeded,
automatic alerts are generated. These alerts notify security
personnel instantly. Quick response helps prevent
dangerous situations. Automated alerts reduce dependence
on manual monitoring.

Visual indicators are displayed on the monitoring interface.
Color-coded zones represent safety levels clearly. Green
indicates safe conditions, yellow shows caution, and red
signals danger. This simple system allows quick
interpretation. Operators can understand crowd status at a
glance. Clear visuals improve response time.

Directional arrows and guidance messages are provided for
crowd redirection. Digital display boards can show
alternative routes. This helps disperse congestion
effectively. Guided movement reduces panic and
confusion. It ensures smoother crowd flow. Organized
redirection improves overall safety.

Audio alarms or warning signals can also be integrated.
When high-risk conditions occur, sound alerts are
triggered. These alarms grab immediate attention. Security
teams can take fast corrective action. Combined visual and
audio alerts enhance effectiveness. Multi-mode alerts
ensure better control.

Threshold settings are customizable according to venue
capacity. Administrators can modify limits as needed. This
flexibility supports different event sizes. The module
adapts to changing crowd conditions. Customization
ensures better reliability. It makes the system suitable for
various environments.
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Overall, the Alert & Visual Guidance Module ensures
timely response and organized movement. It transforms
analysis results into practical action .

V.CHAPTER 5 SYSTEM SPECIFICATION

Hardware Requirements
e ESP32 Microcontroller LCD Display
e  Power Supply Traffic light Buzzer

Software Requirements
e  Programming Language
e Python (for Al, image processing, and data
handling) Libraries & Frameworks
e OpenCV (Image Processing) NumPy (Numerical
Computation) Embedded C

V1. CHAPTER 6 SYSTEM SOFTWARE
Python

Python is a high-level, interpreted programming language
that is widely known for its simplicity and readability. It
was created by Guido van Rossum and released in 1991,
and it has since become one of the most popular
programming languages in the world. Python emphasizes
code readability, which makes it a great choice for
beginners and experienced developers alike. Its syntax is
clean and easy to understand, which allows developers to
write programs that are concise and clear. This simplicity
makes Python ideal for rapid application development and
prototyping, as well as for solving complex problems with
minimal code.

One of the key strengths of Python is its vast standard
library and a rich ecosystem of third-party packages and
modules. The Python Package Index (PyPl) offers
thousands of libraries, making Python highly extensible
and capable of handling a wide range of tasks, from web
development and data analysis to machine learning and
artificial intelligence. Libraries such as NumPy, Pandas,
Matplotlib, and TensorFlow enable Python to be a
dominant force in scientific computing and data analysis.
For web development, frameworks like Django and Flask
allow developers to quickly build scalable and secure web
applications. Python's versatility makes it suitable for a
wide variety of programming domains.
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Python is a dynamically typed language, which means
variables do not require explicit declaration of their types.
This flexibility can speed up development by reducing the
need for boilerplate code, allowing developers to focus on
the logic and functionality of their applications. However,
it also requires the developer to be mindful of type-related
errors that may only surface during runtime. Despite this,
Python’s focus on simplicity, combined with its strong
support for object-oriented, functional, and procedural
programming paradigms, makes it a highly versatile and
user-friendly language.

One of Python's most compelling features is its large and
active community. The Python community contributes to a
wealth of resources, including tutorials, forums, and
extensive documentation. As a result, Python has one of the
largest programming communities, which makes it easy to
find solutions to coding problems and learn new skills. The
community-driven nature of Python ensures that the
language continues to evolve and adapt, with regular
updates and enhancements to the language itself and its
associated libraries.

Python is also highly portable and cross-platform, which
means that Python programs can be run on various
operating systems, such as Windows, macOS, and Linux,
without modification. This cross-platform compatibility is
crucial in  modern software development, where
applications often need to run on different devices and
operating systems. Python’s portability is enhanced by its
open-source nature, which means that developers can freely
distribute and modify Python code. The Python interpreter
is available for all major platforms, and Python code can be
executed through the command line, integrated
development environments (IDEs), or even embedded
within other applications.

Another significant advantage of Python is its support for
integration with other languages and technologies. Python
can easily interface with C, C++, Java, and other languages,
making it suitable for systems that require high
performance or need to work with legacy code.
Additionally, Python supports integration with databases,
such as SQLite, MySQL, and PostgreSQL, which is
essential for building data-driven applications. Python’s
ability to integrate with external libraries, APIs, and even
hardware like Raspberry Pi makes it an excellent choice for
creating scalable, modern applications that require diverse
technologies.
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Finally, Python has become a dominant language in the
field of data science, machine learning, and artificial
intelligence. Its simple syntax allows data scientists to
focus on building and testing algorithms without the need
to get bogged down in complex syntax. Libraries such as
Scikit-learn, Keras, and PyTorch provide robust tools for
developing machine learning models, while TensorFlow
and OpenCV allow for advanced deep learning and
computer vision applications. The power and flexibility of
Python in the data science field have made it the go-to
language for professionals working with data, enabling
rapid development and experimentation.

Fig No : 6.1 Python

PYQT5

PyQt5 is a set of Python bindings for the Qt application
framework, which allows developers to create desktop
applications with graphical user interfaces (GUIs). Qt,
originally written in C++, is a powerful framework for
developing cross-platform applications. PyQt5 provides
the tools and modules necessary to build rich and
interactive desktop applications in Python. This framework
is widely used for developing applications on Windows,
macOS, and Linux, enabling developers to create
applications with native look and feel across platforms.

One of the key features of PyQt5 is its extensive set of pre-
built widgets, such as buttons, sliders, text boxes, and
menus, that can be used to build the user interface. These
widgets can be customized and styled to create visually
appealing applications. PyQt5 also supports advanced GUI
elements like tabbed panels, toolbars, and docking systems,
which are essential for creating professional desktop
applications. Additionally, PyQt5 offers flexibility in
layout management, allowing developers to control how
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widgets are organized within windows or dialogs, ensuring
that the application’s design is both functional and
responsive.

Another major advantage of PyQt5 is its signal and slot
mechanism, which is used for communication between
objects. This mechanism enables a seamless way of
handling events in the GUI, such as button clicks, user
input, or window resizing. When an event occurs, a signal
is emitted, and a corresponding slot is triggered to handle
the event. This decouples the logic from the user interface,
making it easier to manage complex applications. This
event-driven  programming model simplifies the
development of interactive applications and helps ensure
that the interface responds quickly and smoothly to user
interactions.

PyQt5 also integrates well with Python’s existing libraries,
making it highly versatile. Developers can use PyQt5
alongside popular libraries like NumPy, OpenCV, or
Matplotlib to build applications that go beyond just GUI
design, allowing for complex data processing,
visualization, and even machine learning. This makes
PyQt5 an excellent choice for applications that require both
sophisticated user interfaces and the ability to handle heavy
computations or multimedia content. Additionally, PyQt5
supports modern features like multithreading and OpenGL
integration, enabling the creation of high-performance
applications.

Moreover, PyQt5 comes with the Qt Designer tool, which
allows developers to visually design the interface of the
application. This drag-and-drop interface design tool
simplifies the development process by allowing developers
to lay out the user interface graphically. Once the design is
complete, the generated .ui files can be converted into
Python code using the pyuic5 tool. This feature
significantly speeds up the development process and
reduces the need to manually code the layout of the
application, making PyQt5 a more accessible tool for both
beginners and experienced developers.

Finally, PyQt5 is supported by a large and active
community, providing access to a wealth of resources,
tutorials, and documentation. The PyQt5 community offers
support for developers through forums, discussion groups,
and extensive examples, making it easier to find solutions
to common development challenges. Additionally, PyQt5
is open-source, which means that developers can freely use,
modify, and distribute their applications without licensing
concerns. This has made PyQt5 a popular choice for
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developing a wide range of applications, from simple
utilities to complex enterprise software.

In addition to its robust functionality, PyQt5 offers
excellent integration with other Python frameworks and
tools, further enhancing its capabilities. For instance,
PyQt5 can be used alongside web frameworks like Flask or
Django for building desktop applications that interface with
web servers or cloud-based services. It can also work
seamlessly with databases like SQL.ite or MySQL, enabling
developers to create applications with dynamic content that
interacts with backend databases. Furthermore, PyQt5’s
support for custom widgets and extensive documentation
allows for creating highly specialized applications tailored
to specific user needs. Its flexibility, ease of use, and
integration potential make PyQt5 a powerful and adaptable
tool for Python developers looking to build feature-rich,

cross-platform desktop applications.

Fig No : 6.2 PYQT

Pycharm Community

PyCharm Community is a free, open-source version of the
popular integrated development environment (IDE)
PyCharm, developed by JetBrains. PyCharm is widely
known for its excellent support for Python development,
and the community edition provides many powerful
features that make it a great choice for both beginner and
advanced Python developers. While PyCharm offers a
professional edition with additional advanced features, the
community version still provides a solid set of tools for
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most

Python programming, making it suitable for

development needs.

One of the key features of PyCharm Community is its
intelligent code editor, which provides advanced code
completion, syntax highlighting, and error detection. The
editor supports Python-specific syntax, making it easy to
write and navigate Python code. Additionally, PyCharm
includes features like code refactoring tools, which help
developers restructure their codebase without introducing
bugs. It also provides integration with version control
systems (VCS) like Git and SVN, allowing developers to
easily manage their code and collaborate with others on
projects.

PyCharm Community also includes excellent debugging
tools that are essential for Python development. The
integrated debugger allows developers to step through
code, inspect variables, and analyze the call stack in real-
time, making it easier to identify and fix bugs. With the
support for breakpoints, watches, and interactive
debugging, developers can efficiently troubleshoot their
Python code. Additionally, PyCharm's interactive console
allows for quick testing and experimentation with small
code snippets, enhancing the development process.

Another notable feature of PyCharm Community is its
support for virtual environments. Python developers often
work with multiple versions of Python or need to isolate
dependencies for different projects. PyCharm makes it easy
to create and manage virtual environments directly from the
IDE, ensuring that projects are isolated and do not interfere
with one another. This feature is essential for maintaining
clean, reproducible development environments and
preventing dependency conflicts.

While the PyCharm Community version does not include
advanced tools for web development or database
management (which are available in the professional
edition), it still offers some useful tools for those working
with Python-based frameworks and libraries. It supports
popular Python tools like Django, Flask, and scientific
libraries, enabling developers to write, test, and debug code
efficiently within the IDE. PyCharm Community also
supports running tests with frameworks like pytest and
unittest, making it easier to ensure code quality and
functionality.

The PyCharm Community edition is also highly
customizable, allowing developers to install a variety of
plugins to extend its functionality. There are numerous
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plugins available for different purposes, including code
analysis tools, themes, version control systems, and
integration with other languages. The PyCharm community
has contributed to a large ecosystem of plugins, ensuring
that developers can tailor their environment to their specific
needs.

Overall, PyCharm Community is an excellent IDE for
Python developers, offering a rich set of features that
enhance productivity and code quality. Its open-source
nature, combined with a powerful code

editor, debugging tools, version control integration, and
virtual environment management, makes it a fantastic
choice for Python development. Whether you're a beginner
just getting started or an experienced developer, PyCharm
Community provides a reliable and effective environment
for writing, testing, and debugging Python code.

Fig No : 6.3 Pycharm

Embedded C Language

Embedded C is a programming language that is used in the
development of Embedded Systems. Embedded Systems
are specialized systems designed to perform very specific
functions or tasks. Embedded System is the combination of
hardware and software and the software is generally known
as firmware which is embedded into the system hardware.
Embedded C is used to program a wide range of
microcontrollers and microprocessors. Embedded C
requires less number of resources to execute in comparison
with high-level languages such as assembly programming
language.

Embedded C has some additional data types and keywords.
There are some special datatypes in Embedded C like sbit,
sfr which are used for addressing special function registers
in memory. Embedded C allows us to work with hardware
devices like sensors, and input-output devices. There are
various Embedded C compilers to compile the embedded C
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program such as Keil Compiler, SPJ Compiler, Embedded
GNU C Compiler, etc. Embedded Systems can be classified
into small-scale, medium-scale, and sophisticated
embedded systems. The devices like air conditioners,
printers, and mobile phones that we use in our daily lives
are programmed by embedded C.

Key Characteristics of Embedded C

Efficiency: In Embedded C we can create a efficient code
to optimize the limited resources available in embedded
systems. It aims to minimize memory usage and maximize
performance.

Direct Hardware Interaction: Embedded C allows
programmers to interact directly with hardware
components, such as microcontrollers, sensors, actuators,
and other peripherals. This direct interaction facilitates
precise control over the hardware, critical in embedded
applications.

Low-level Programming: Embedded C involves low-level
programming, which deals with hardware-specific details
like memory addresses, /O ports, and register
manipulation. This level of control is essential for
efficiently managing hardware resources.

Real-time Operations: Embedded systems often operate in
real-time environments, requiring precise timing and
response to events. Embedded C allows programmers to
handle real-time tasks efficiently.

Basic Embedded C Programming Steps

Requirement Analysis: Understanding the requirements of
the Embedded System to be developed according to the
problem | requirement should be done.

Selecting Environment Setup: Selection of proper tools
such as choosing Integrated Development Environment
(IDE) , compiler, debugger and other necessary tools for
Embedded C Programming.

Code Development: Writing the Embedded C code based
on the system requirements and design specifications must
be done in this step. The program should consume less
memory space, must be reliable and scalable.

Compilation Process: In this stage the compiler translates
the embedded C code into assembly language code or
machine level code. The machine level code is in the form
of 0’s and 1’s. Also the preprocessor handles the directives
such as #include, #define.
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Loading to Target device: Uploading the compiled code
onto the target hardware (microcontroller, FGPA) using
tools like debugger or flash programmers needs to be done.

Execution and Debugging: Run the embedded system and
execution of code is performed. Employing debugging
tools to identify and resolve any errors or issues in the code.

Documentation and Maintenance: Creating proper
documentation detailing the system architecture, code
functionalities and memory usage. Periodically updating
and maintaining the codebase to address issues.

Problem | iiijf | ) o

= Machine | |, [~
s Level Code ':'LJ e

Flowchart

Fig no: 6.4 Embedded c program block diagram

VIl. CHAPTER 7
HARDWARE REQUIREMENT
SPECIFICATION

ESP32 Microcontroller

ESP32 is a powerful and low-cost microcontroller
developed by Espressif Systems. It is widely used in
Internet of Things (10T) projects because it has built-in Wi-
Fi and Bluetooth connectivity. The ESP32 is an improved
version of the earlier ESP32 microcontroller.

The ESP32 is commonly used in smart home systems,
automation projects, wireless sensors, robotics, and
embedded systems.

Applications of ESP32

e The ESP32 is widely used to build Internet of Things
systems. It connects sensors and devices to the internet
via Wi-Fi or Bluetooth.
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e It controls lights, fans, and appliances remotely.Users
can operate devices using mobile apps or voice
assistants.

e ESP32is used in smartwatches and fitness trackers.Its
low power consumption makes it suitable for battery-
powered devices.

e It collects data like temperature, humidity, or motion
from sensors.The data is transmitted wirelessly to a
central system.

e ESP32 helps control motors and sensors in robots.It
also enables wireless communication for remote
control.

e It is used in surveillance cameras and alarm
systems.The module can send alerts and stream data
over the internet.

e ESP32 monitors machines and processes in
industries.It improves efficiency by enabling real-time
data tracking.

Features:

e ESP32 has integrated Wi-Fi and Bluetooth
capabilities. This allows easy wireless communication
without extra modules.

e It uses a powerful dual-core microprocessor.This
enables multitasking and faster performance.

e ESP32 is designed for energy-efficient operation.It
supports sleep modes to save battery life.

e Itoperates up to 240 MHz clock frequency. This makes
it suitable for high-speed applications.

e ESP32 provides many General Purpose Input/Output
pins.These pins connect easily with sensors and
actuators.

e |t includes ADC and DAC for analog signal
processing.Also supports digital communication
protocols.
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Fig no:5.1 ESP 32 Microcontroller
Advantages of ESP32

Built-in Wi-Fi and Bluetooth

Low cost and high performance

Low power consumption

Large community support

Supports multiple programming platforms

Ic 7805 Voltage Regulator

Voltage regulators comprise a class of widely used ICs.
Regulator IC units contain the circuitry for reference
source, comparator amplifier, control device, and overload
protection all in a single IC. Although the internal
construction of the IC is somewhat different from that
described for discrete voltage regulator circuits, the
external operation is much the same. IC units provide
regulation of either a fixed positive voltage, a fixed
negative voltage, or an adjustable set voltage. A power
supply can be built using a transformer connected to the AC
supply line to step the AC voltage to desired amplitude,
then rectifying that AC voltage, filtering with a capacitor
and RC filter, if desired, and finally regulating the DC
voltage using an IC regulator. The regulators can be
selected for operation with load currents from hundreds of
Milli amperes to tens of amperes, corresponding to power
ratings from mill watts to tens of watts.
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Fig no:5.2 IC 7805 VOLTAGE REGULATOR
Three-Terminal Voltage Regulators

Fig shows the basic connection of a three-terminal voltage
regulator IC to a load. The fixed voltage regulator has an
unregulated DC input voltage, VI, applied to one input
terminal, a regulated output DC voltage, VO, froma second
terminal, with the third terminal connected to ground. For
a selected regulator, IC device specifications list a voltage
range over which the input voltage can vary to maintain a
regulated output voltage over a range of load current. The
specifications also list the amount of output voltage change
resulting from a change in load current )load regulation( or
in input voltage )line regulation(. The series 78 regulators
provide fixed regulated voltages from 5 to 24 V shows how
one such IC, a 7812, is connected to provide voltage
regulation with the output from this unit of +12V Dec. An
unregulated input voltage V1 is filtered by capacitor C1 and
connected to the IC’s IN terminal. The IC’s OUT terminal
provides a regulated + 12V which is filtered by the
capacitor C2 )mostly for any high-frequency noise(. The
third 1C terminal is connected to ground )GND(. While the
input voltage may vary over some permissible voltage
range, and the output load may vary over some acceptable
range, the output voltage remains constant within specified
voltage variation limits. These limitations are spelled out in
the manufacturer’s specification sheets.

Block Diagram

The AC voltage, typically 220V RMS, is connected to a
transformer, which steps that AC voltage down to the level
of the desired DC output. A diode rectifier then provides a
full-wave rectified voltage that is initially filtered by a
simple capacitor filter to produce a DC voltage. This
resulting DC voltage usually has some ripple or AC voltage
variation.
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A regulator circuit removes the ripples and also remains the
same DC value even if the input DC voltage varies, or the
load connected to the output DC voltage changes. This
voltage regulation is usually obtained using one of the
popular voltage regulator IC units.

TRANSFORMER RECTIFIER FILTER LOAD

s ICREGULATOR

Fig no:5.3 Block Diagram of Power Supply

Ic Voltage Regulators

Voltage regulators comprise a class of widely used ICs.
Regulator IC units contain the circuitry for reference
source, comparator amplifier, control device, and overload
protection all in a single IC. IC units provide regulation of
either a fixed positive voltage, a fixed negative voltage, or
an adjustable set voltage. The regulators can be selected for
operation with load currents from hundreds of Milli
amperes to tens of amperes, corresponding to power ratings
from milli watts to tens of watts. A fixed three-terminal
voltage regulator has an unregulated DC input voltage, VI,
applied to one input terminal, a regulated DC output
voltage, Vo, from a second terminal, with the third terminal
connected to ground. The series 78 regulators provide fixed
positive regulated voltages from 5 to 24 volts. Similarly,
the series 79 regulators provide fixed negative regulated
voltages from 5 to 24 volts.

e For IC’s, Micro Controller, LCD 5 volts
e For alarm circuit, op-amp, relay circuits 12 volts

Power Supply

e The only information you need to have in order to
find the correct power supply for your device is
the Voltage / Volts )VV( and Amperage

e /Amps)A(

e \oltage has to be an exact match. A 12V DC
device needs a 12V DC adapter.

Amperage is the amount of power your device uses. The
adapter you order has to be able to supply AT LEAST the
number of Amps your device draws.

If your device states it is 12V 3A, a 3A adapter can handle
that load, but so can a 4A and 5A. The higher amperage
Jamp( power supply will not have to work as hard to handle
a smaller load and will run cooler and more stable.
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If the Amperage of your device is uneven, such as 3.13A or
4.16A, always round up. 3.13A rounds up to a 3.5A
adapter, a 4.16A device will round up to a 4.5A or a 5A.

If you match these two specifications )V and A(, the power
supply will work for your device.

Mode] identifier:

12VIZA/5.5

Input voltage:

100 - 240 VAC

AC input frequency:

50 /60 Hz

Output voltage

120vVDC

Output current:

204

Output power:

40w

B6.2%

66.8 %

No-oad power consumption:

<010W

Adapter type.

Switching

Output voltage adjustment

Protections:

Overload

Mumber of outputs

1 pes

Power connectors type:

» 230V CEE 716
»12V-2.1/5.5 mm Straight plug

Housing type:

Desktop

Weight: 0.172kg

91 x53 x31 mm

Guarantee 2 years

Table no:5.4 power supply details

Detailed Instructions:

In order to find the correct power supply for your device,
you will need two pieces of information. These are Voltage
Jmeasured in Volts or V( and Amperage )measured in
Amps or A(. You can find this information off the back of
the old power supply, or off the back of the device itself. If
you do not find it on the device, you can check the
manufacturer's website, or in the device's manual under
"specifications”.

Voltage:

All of the power supplies we sell are 12V DC. They take
any input from 100V up to 220V AC, which is what comes
out of your wall socket, and output 12V DC. This is what
most digital devices such as LCD screens, DVD players,
Hard Drives, Audio Gear, and most other digital devices
use. We only carry 12V DC power supplies, so if your unit
is not 12 Volt, you will not find the correct adapter here.

Amperage:

Once you have confirmed that you need a 12 Volt power
supply, you will need to find out how much power your
device draws. This is called amperage. Next to the 12V in
the specifications there will be another number followed by
a capital "A" for Amps. You will need a power supply that
can supply enough power for your device. If your device
says it draws 3 Amp )3A(, you need to use a power supply
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that can put out at least that many Amps. If your device
states it needs 3A, then you can use a 3A, or 4A, or 5A unit.
All will work.

If the Amperage of your device is uneven, such as 3.13A or
4.16A, always round up. 3.13A rounds up to a 3.5A
adapter, a 4.16A device will round up to a 4.5A or a 5A.
Connector:

All our power supplies have a connector that is standard for
a 12V DC device. Most 12V DC devices use the standard
tip. This tip is 5.5mm )outer barrel( by 2.5mm )inner barrel(
and is center positive. It is a simple round barrel connector.
To repeat, if you match the voltage and amperage, then you
should not have to worry about the connector type accept
in the rare occasion when your device has an unusual
connector such as a double barrel, or a 4-pin, but these are
easy to spot as the jack where the adapter plugs in will not
be a simple circular barrel with a pin inside.

Fig no:5.5 power connecter

Lcd Display

LCD stands for Liquid Crystal Display. LCD is finding
wide spread use replacing LEDs )seven segment LEDs or
other multi segment LEDs( because of the following
reasons:

The declining prices of LCDs. The ability to display
numbers, characters and graphics. This is in contrast to
LEDs, which are limited to numbers and a few characters.
Incorporation of a refreshing controller into the LCD,
thereby relieving the CPU of the task of refreshing the
LCD. In contrast, the LED must be refreshed by the CPU
to keep displaying the data. These components are
“specialized” for being used with the microcontrollers,
which means that they cannot be activated by standard I1C
circuits. They are used for writing different messages on a
miniature LCD.
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Fig no: 5.6 LCD DISPLAY

LCD Display

A model described here is for its low price and great
possibilities most frequently used in practice. It is based on
the HD44780 microcontroller )Hitachi( and can display
messages in two lines with 16 characters each. It displays
all the alphabets, Greek letters, punctuation marks,
mathematical symbols etc. In addition, it is possible to
display symbols that user makes up on its own. Automatic
shifting message on display )shift left and right(,
appearance of the pointer, backlight etc. are considered as
useful characteristics.

Pin Functions:

There are pins along one side of the small printed board
used for connection to the microcontroller. There are total
of 14 pins marked with numbers )16 in case the background
light is built in(. Their function is described in the table
below:
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Function PIN N Mame | Logc State Description

Ground 1 KCES - o
Power supply 2 Wdd - +54

Contrag 3 Wee - 0- Wid

D0 — D7 are interpreted as
4 RE oo rrrrands
D0 - D7 are int erpreted as data

WWrite data (from controller to
Control of 5 RAW LCD)
operating F.ead data (fromn LCD to controller)

Access to LCD disabled

u Momral operating

g E Frnmll 00 Datafcormmands are trans ferred to
LCD

7 ioli} 0s1 Bit0 L3R

3 D1 0s1 Bit 1

o D2 0s1 Bit 2

10 D3 0s1 Bit 3

Drata / corrands

11 D4 0s1 Bit 4

12 Ds 0s1 Bit 5

13 Dd 0s1 Bit 6

14 D7 0s1 Bit 7 MEB

Fig no:5.7 Table diagram for pin function

LCD Initialization:

Once the power supply is turned on, LCD is automatically
cleared. This process lasts for approximately 15mS. After
that, display is ready to operate. The mode of operating is
set by default. This means that:

Display is cleared
Mode
e DL =1 Communication through 8-bit interface N = 0

Messages are displayed in one line
e F =0 Character font 5 x 8 dots

Display/Cursor on/off D = 0 Display off

e U =0 Cursor off
e B =0 Cursor blink off

Character entry

e ID = 1 Addresses on display are automatically
incremented by 1
e S =0 Display shift off
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Traffic Light

A traffic light, also known as a traffic signal or stop-and-go
light, is an automated signaling device used to control the
flow of vehicles and pedestrians at road intersections,
crosswalks, and junctions. It operates using a sequence of
colored lights—Red, Yellow (Amber), and Green—that
communicate rules to drivers and pedestrians. By providing
visual cues, traffic lights help maintain safe and orderly
movement on roads, minimize traffic congestion, and
reduce the risk of accidents. Modern traffic light systems
are commonly controlled by microcontrollers, sensors,
timers, and adaptive traffic management algorithms,
enabling them to function efficiently in varying traffic
conditions. They may also integrate with 10T, cameras, and
vehicle counting sensors for intelligent traffic control.

Fig no:5.9 Traffic Light

Applications
e Used at road intersections to regulate vehicle flow
and avoid collisions.

e  Helps pedestrians safely cross busy roads through
pedestrian signals.

e Used in highway merging lanes to reduce traffic
jams.

o Applied in railway crossings to indicate train
arrival.

e Used at toll plazas for vehicle release control.

e Helps manage traffic during road construction or
diversions.

e Used in factory areas for automated vehicle
movement systems.
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e Important in autonomous vehicle systems for
traffic rule detection.

e Used in emergency lanes to give priority to
ambulance or fire vehicles.

e Applied in educational systems for traffic rule
awareness and training.

Working Principle

The working principle of a traffic light is based on electrical
control circuits and timing mechanisms that operate a
sequence of colored lights. Traditionally, traffic lights used
electromechanical timers, but modern systems rely on
microcontroller-based  digital timers or adaptive
algorithms. The controller activates each light—red,
yellow, and green—for a specific duration. Sensors such as
IR sensors, RFID, pressure sensors, vehicle detection
loops, or cameras may be used to detect real-time traffic
density, allowing the system to adjust signal timing
dynamically. The basic logic ensures that only one
direction receives the green signal at a time, while other
directions receive red to prevent accidents. Yellow light
acts as a transition period, warning drivers to slow down
before the signal changes

VIll. CHAPTER 8 RESULT

The implemented Real-Time Visual Crowd Guidance
System successfully monitors and analyzes live video feeds
to detect individuals and estimate crowd density with high
accuracy. The system effectively identifies congested areas
and abnormal movement patterns in real time, providing
immediate visual alerts and directional guidance to regulate
crowd flow. Since the processing is performed locally
using Python-based computer vision algorithms, the
response time is fast and independent of internet
connectivity. The experimental results demonstrate
improved crowd management efficiency, reduced human
supervision requirements, and enhanced safety in public
spaces. Overall, the system proves to be reliable, cost-
effective, and suitable for real-time deployment in crowded
environments.

IX. CHAPTER 9 CONCLUSION

The Real-Time Visual Crowd Guidance System provides
an efficient and intelligent solution for monitoring and
managing crowd movement using Python-based computer
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vision techniques. By analyzing live video feeds, the
system accurately detects individuals, estimates crowd
density, and identifies congestion in real time. Unlike
traditional methods, it does not rely on cloud infrastructure,
ensuring faster processing, improved data privacy, and
reliable offline operation. The implementation of
automated visual alerts and directional guidance enhances
public safety and reduces the risk of overcrowding or panic
situations. Overall, the system offers a practical, cost-
effective, and scalable approach for effective crowd
management in various public environments.
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