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Introduction:

1.

In contemporary In today's cities, a lot of people often gather in places like train
stations, stadiums, markets, festivals, and religious events. When too many people
are in one place, it can be very dangerous because it can cause traffic jams, panic,
or even stampedes. It can be hard and take a lot of time to watch over crowded places
by hand with security guards or regular CCTV systems.

Recent advances in computer vision and artificial intelligence have made it possible
to automatically look at pictures and videos to learn about how people act in crowds.
You can use crowd density estimation methods to figure out how many people are in
a certain area and find areas that are very crowded. This information can help the
people in charge of public spaces do a better job of managing them.

Before, crowd monitoring mostly relied on counting by hand or simple object
detection. But these methods don't work very well when there are a lot of people in a
small space or when visibility is limited. Instead of finding each person individually,
modern deep learning methods like convolutional neural networks can make density
maps that show how many people are in a certain area.

This project aims to create an Al-based system that uses surveillance images or video
feeds to figure out how many people are in a crowd. The system will make density
maps and heatmaps to show where people are in a scene. The system can help
authorities find dangerous situations early and take steps to make cities safer and
better run by keeping an eye on crowd levels all the time.
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Figure 1: CSRNet Working
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Objectives:
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To create a system that can determine how many people are in a crowded area.
To process surveillance photos and videos using computer vision techniques.
To create density maps that show how people are distributed throughout a specific
area.

To produce heatmaps that show areas with dense crowds.

To categorize densities of crowds into safe and unsafe categories.

To create an ideal user interface to show the outcomes of crowd analysis.

To send out early warnings when crowd density surpasses predetermined safety
thresholds.

To create a system that enables real-time surveillance in public spaces.

Methodology:
1.

Deep learning models, computer vision approaches, and real-time video processing
techniques will all be used in the implementation of the suggested system. There will
be multiple phases to the development process.

In order to train and test the system, appropriate crowd datasets will first be gathered.
Images with varying crowd densities can be found in publicly accessible datasets like
ShanghaiTech and UCF crowd datasets, which will be utilized for testing. Annotated
photos from these datasets are used to train machine learning models for density
estimation.

OpenCV will be used to preprocess the images prior to model training. Reducing
noise, normalizing pixel values, converting images into appropriate formats, and
resizing images to a standard resolution are examples of preprocessing procedures.
These procedures enhance the quality of the input data and aid in the model's
discovery of significant patterns.

A deep learning model built on the CSRNet architecture will be the system's primary
component. Density estimation and crowd counting are two common uses for this
model. It extracts significant visual characteristics from images using convolutional
neural networks. The network creates density maps in which the concentration of
people in a scene is represented by pixel intensity.

. Following the creation of density maps, the system will sum the values in the density

map to determine the overall crowd count. After that, a color-based heatmap that
graphically depicts crowded areas will be created from the density map. Areas with
higher density will appear in warmer colors while low-density areas will appear in
cooler colors.

Tkinter and other Python libraries will be used to create a graphical user interface.
Users will be able to view the crowd analysis results and upload pictures or videos
using this interface. The estimated crowd size, density level, and heatmap
visualization will all be shown on the interface.

Lastly, threshold values for classifying different levels of crowd density will be
established. When the crowd density exceeds a certain limit, the system will generate
alerts to notify users about potentially unsafe crowd conditions.

49" Series Student Project Programme (SPP): 2025-26 2



Result and Conclusion:

1. In conclusion, the creation of a useful system that can calculate crowd density from
photos or video streams is the project's anticipated outcome. After analyzing
surveillance data, the system will create density maps that show how people are
distributed in a specific area.

2. Visual heatmaps that show areas with high crowd concentration will be generated by
the model. Authorities will be able to swiftly identify areas that need attention with the
aid of these heatmaps. Additionally, the system will classify the crowd level according
to predetermined thresholds and estimate the total number of people in the scene.

3. The project intends to increase crowd monitoring efficiency by fusing artificial
intelligence with video surveillance systems. The system will help event planners and
security staff spot possible threats before they become serious.

4. The project shows how public safety applications can benefit from Al-based crowd
analysis. It can be applied in a variety of settings, including public spaces, transit
hubs, and big events where crowd control is crucial.

5. All things considered, the developed system will offer a workable method for
enhancing safety in crowded settings through automated monitoring and early
overcrowding situation detection.
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Future Scope:

The future scope of this project includes:

1. There are numerous ways to expand and enhance the suggested system. Future
advancements could concentrate on improving the crowd monitoring system's
scalability and accuracy.

2. Integrating real-time video streams from several security cameras is one potential
enhancement. This would make it possible for the system to more efficiently monitor
big areas like city centers, stadiums, and transit hubs.

3. To increase the accuracy of crowd density estimation in extremely dense scenes,
more sophisticated deep learning models can be investigated. The system's
performance could be improved by new architectures and improved training methods.

4. The incorporation of Internet of Things (loT) technologies is another potential
extension. Security staff can receive system-generated alerts automatically via public
announcement systems, control room dashboards, or mobile applications.

5. Additionally, crowd movement analysis could be added to the system. Authorities can
better understand how people move within a space and effectively manage crowd
control by observing the direction and speed of crowd flow.

6. By facilitating automated monitoring, safer public gatherings, and enhanced
emergency response systems, this technology may eventually play a significant role
in the infrastructure of smart cities.
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