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Abstract 
 

As research has indicated, the population is tremendously 

increasing and the numbers are expected to reach 

approximately 9.7 billion by the year 2050, a significant 

increase from the 7.4 billion recorded in 2016. This continuous 

population growth has underscored the critical importance of 

crowd detection, making it a pivotal tool in a wide array of 

studies and applications, including crowd counting, urban 

planning, crime detection, and visual surveillance. This 

combination of capabilities opens the door to numerous novel 

studies and applications. For instance, crowd density detection 

becomes invaluable during times of pandemics, such as the 

COVID-19 crisis. It allows for the proactive monitoring and 

management of overcrowding situations, ensuring compliance 

with safety regulations, and maintaining proper social 

distancing measures. 

The primary objective of crowd density detection is to identify 

and quantify the congregation of individuals within video 

footage, subsequently recognizing discernible patterns and 

generating output results based on these observed patterns.  

Enhancing accuracy in crowd detection involves incorporating 

various complementary techniques alongside Convolutional 

Neural Networks (CNN). These methods include applying Haar 

filters to video frames and integrating Multi-Scale 

Convolutional Neural Networks (MSCNNs). The choice of 

approach for crowd detection and classification depends on the 

crowd's density being observed. In densely populated areas, the 

focus often shifts away from individual face detection towards 

analyzing crowd behavior and tracking crowd movements. 

This review paper provides a comprehensive analysis of crowd 

detection and classification, encompassing a range of general 

techniques for crowd analysis and monitoring. 

 

Keywords— Computer Vision (CV), Crowd Density 

estimation, detection, CNN, Crowd Detection, 

invisible reputation. 

 

 

 

 

1. INTRODUCTION 

In recent years, the growing population has piqued the interest 

of researchers in the fields of reliability, surety and CV for 

analyzing crowd mobility and behaviors to reduce load on 

human. The increase in street crowds has heightened the risk of 

accidents, mass panic, and crowd rushes, making public safety 

a more pressing concern. Figure 1 depicts some instances of 

crowd disasters during large-scale events 

 

 
Figure1: (a) Mina, a city located in Saudi Arabia. (b) The Love 

Parade disaster in Duisburg. (c) The water festival at Phnom. 

(d) Bombing at Boston in Massachusetts, United States.[1] 

 

There are several methods for detecting anomaly in crowd 

which includes detection-based method. Detection-based 

methods primarily focus on extracting low-level features, such 

as identifying faces, facial features, or complete human bodies. 

However, in crowded public places, it's often impractical to rely 

on facial recognition, especially considering the limited 

resolution of surveillance cameras. Consequently, detection-

based algorithms may not be as effective in these scenarios.  

Regression-based models offer a solution to the limitations of 

detection-based approaches. They begin by selecting 

significant patches from the image, cropping them, and 

subsequently extracting low-level features. This approach 

allows for a more versatile analysis. 

Another approach is density estimation-based methods. These 

methods start by creating density maps for objects within the 

scene. Then, density maps are created. Alternatively, random 
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forest regression can be employed to capture non-linear 

mappings. 

CNN-based methods rely on the robustness of convolutional 

neural networks (CNNs). Instead of focusing on image patches, 

these methods construct an end-to-end regression framework 

using CNNs. This directly gives the count estimation when an 

input is given. CNNs are renowned for their effectiveness in 

regression and classification tasks, and they have demonstrated 

their capability in generating density maps 

 

1.1 Significance of model 

In highly crowded places, recognizing individuals' faces can be 

challenging. Therefore, there is a growing need for surveillance 

systems to detect, track, and analyze crowd behavior. These 

analyses are crucial for safety purposes. Mass gatherings, 

including rallies, protests, and social events, often lack the 

manpower required for real-time monitoring. Continuous 

human monitoring is not always effective, as it can be prone to 

errors and is both tiring and cumbersome. Consequently, there 

is a significant importance in developing a model capable of 

detecting crowd anomalies to prevent potential mishaps. 

 

1.2 Objective of review 

The end goal of this survey paper is to identify and highlight 

cutting edge technologies present to detect and identify crowd 

anomaly. It emphasizes on the existing technologies, there 

disadvantages and the future scope of new evolving algorithms. 

It also points out the challenges and problems faced while 

analyzing video frame by frame  

 

2. EXISTING APPROACHES 

 

[I] Human detection- The process involves subtracting 

background frames to track human motion, followed by the 

application of optical flow and spatio-temporal filtering. To 

classify objects, shape and motion features are extracted from 

video frames. However, these methods can be influenced by 

external factors, affecting the results. To address these 

challenges, methods for considering optical flows include Horn 

and Schunck's approach, while for accurate results under 

varying illuminations, the pyramidical implementation of 

Lucas-Kanade's method is utilized. Additionally, sliding 

window detectors are employed along with Support Vector 

Machines (SVM) to enhance accuracy. 

 

A.  Spatio-temporal filtering- Digital images and videos 

undergo compression to eliminate spatial, temporal, and 

visual redundancies. While this compression results in 

more efficient storage and transmission, it disrupts the 

pixel correlations, leading to coding artifacts that 

deteriorate the visual quality and can be bothersome to 

viewers. To address this issue, compressed images and 

video sequences require enhancement before being 

presented on display devices. Traditional approaches to 

quality enhancement typically concentrate on enhancing 

individual frames, often neglecting to ensure temporal 

consistency across frames. 

 

B. Lucas-Kanade’s method- The Lucas-Kanade 

algorithm is a sparse optical flow method designed to 

estimate the motion of a selected subset of pixels within an 

image or video frame. It operates under the assumption that 

neighboring pixels exhibit similar motion patterns and 

employs a least-squares technique to compute the motion 

parameters. 

 
Figure2: Flow for implementing Human Detection 

 

[II] Human Tracking- Tracking means to track the object 

in each time frame and to locate the same object in different 

frames to detect its motion. For tracking motion, the main 

categories considered are- 

A. Point Tracking: Point tracking is a widely-used 

method in computer vision and object tracking, where 

specific points within an object or scene are identified 

and tracked across successive video frames. This 

method is divided into two primary categories: 

deterministic and statistical methods. 

 

Deterministic point tracking relies on the precise 

location of specific points within an object to follow 

its motion through frames. These points could be 

corners, edges, or other distinctive features within the 

object.  

Statistical point tracking, on the other hand, employs 

probabilistic models to estimate the most likely 

trajectory of the tracked points. Methods like the 

Kalman filter and particle filter fall under this 

category.  

B. Kernel Tracking: Kernel tracking is a method for 

estimating the motion of an object by analyzing the 

changes in pixel values or intensity within a defined 

region (the kernel) as it moves from one frame to the 

next. This approach allows for the computation of 

object motion by observing how the pixel values 

evolve over time. Kernel tracking can be particularly 

useful when dealing with objects that do not have 

easily identifiable points or features, as it relies on the 

overall pixel-level information to estimate motion. 

C. Silhouette Tracking: Silhouette tracking is a method 

for tracking objects in video frames by considering 

their geometric shapes or silhouettes. This approach 

involves segmenting the object from the background 

based on its outline or silhouette and then tracking this 

silhouette across frames. 

 

Among all the tracking methods mentioned, the 

silhouette tracking method stands out for its ability to 
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provide precise and reliable results when applied to 

appropriate scenarios. 

 

[III] Anomaly Detection and Behavior Understanding- 

This can be done by detecting the normal and abnormal 

behavior of people, using pattern and action detection. 

Crowd Dynamics is a study of crowd, which investigates 

the possibility from where the crowd can generate and its 

actions, mobility, and behavior. To gather all these 

information, some critical parameters such as its size, 

direction of motion, the range of organized/violent crowd 

are taken into consideration. The speed of crowd motion 

can point towards some emergency. [3][4] 

The initial step involves image processing, which 

encompasses the identification of stationary crowd 

elements. Subsequently, the estimation of crowd density is 

performed, with techniques such as edge detection, optical 

density estimation, and geometric distortion analysis being 

employed. It's worth noting that these methods, including 

others, are susceptible to a phenomenon known as the near-

far effect, where individuals closer to the camera appear 

larger and occupy more space compared to individuals of 

the same size positioned farther from the camera. 

 

3. PREVIOUS WORK 

 

Detection of crowd density can be done by detecting the 

count of public and identifying the face and position at the 

same time in video. It can be quite tedious as images and 

video frame contains faces with different color, pose, 

expression and position of human. Adding on to it, various 

light conditions (illumination), different angles and 

orientation of camera add on to the difficulty level. 

There are three approaches used here to estimate the 

correct count and density. One of the common approaches 

is by detecting only one person and their location 

simultaneously in the frame to increase the accuracy. In 

other approaches, Haar filter are used to capture the 

difference in different video frames, Haar Wavelet 

Transform (HWT) used to extract head feature and Support 

Vector Machine (SVM) to detect the head.  

 

3.1 Haar Filter- Haar functions have a historical legacy dating 

back to 1910 when they were introduced by the Hungarian 

mathematician Alfred Haar [5]. Over time, various 

formulations of Haar functions, along with diverse 

representations [6], as well as multiple adjustments [7, 8, 

9], have been published and implemented. One notable and 

highly regarded modification is the lifting scheme [10, 11, 

12].  

 

These transformations have found application in various 

domains, including spectral techniques for multiple-valued 

logic, image coding, and edge extraction, among others. 

        

3.2 Support Vector Machine (SVM): To implement 

SVM a video is converted into frames and upon which 

preprocessing is applied. which is often termed as Median 

Filter. It then does Historical Equivalence which change 

original image pixel gray value if number of pixels in the 

image gray value to widen, while the number of pixels in 

a small level reduction, the image is converted into form 

of histogram. Segmentation is done by breaking frames 

into various segments (set of pixels). The object detection 

is performed and SVM classification is done which 

classifies crowd into Abnormal or normal crowd [14]. 

 

A Regression-based approach is employed to map features 

for counting objects in images. Methods such as Histogram 

of Oriented Gradients (HOG) and Gray Level Occurrence 

Matrices (GLCM) have been utilized to enhance the 

accuracy of results. With the introduction of CNN and deep 

learning methodologies for crowd detection, it becomes 

possible to obtain an end-to-end count directly from video 

frames. The Multi-Scale Convolutional Neural Network 

(MSCNN) takes the entire image as input, in contrast to 

processing small patches. The Density-Based technique 

establishes a linear correlation between neighborhood 

direction capabilities and their corresponding object 

density maps. 

 

3.3 Histogram of Oriented Gradients- This algorithm 

helps to fine the count of the person in each frame, and 

measuring the difference in the count of subsequent frames 

can lead to accurate results and talk about the increase in 

the density of the crowd. This method generates a 

histogram in the end to show the appearance of the human 

detected in the video file (Figure2). 

 

3.4 CNN- The work encompasses two distinct approaches: 

one involves processing image patches, while the other 

takes the entire image into account. The utilization of 

Multi-Column CNN enables the handling of images with 

varying sizes or resolutions, facilitating the capture of 

details even in low-resolution images and those captured 

from different angles.  

 

Crowd analysis poses several challenges, including high 

clutter, variations in contrast, poor resolution, and same 

and other frame differences. To address these challenges, 

the previously mentioned algorithms have been introduced. 

 

 

Figure3: Illustrates an overview of our feature extraction and object detection process. [16]. 
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Out of the three algorithms, Regression employs Deep 

CNN, which offers more robust and precise results. Several 

strategies have been devised to mitigate side effects in 

images, leading to improved accuracy. Techniques such as 

incorporating Haar filters and applying layers on grayscale 

images have demonstrated enhanced performance in face 

detection.  

 

4. REAL-TIME SURVEILLANCE SYSTEM 

 

The recent update made on a Real-time surveillance system 

using CNN is proposed in the paper [17]. This method 

includes removing the background of images and 

decreasing the unneeded pixels from the image so that 

image can be used to evaluate a crowd activity whether it 

is normal or abnormal. It uses VGG16 as reference to 

reduce time complexity while maintaining good detection 

performance. 

There are weighted layers and only fourteen of the 

architecture’s total 19 layers of which eight convolutional, 

five Max Pooling and three Dense are weight layers. 

Architecture’s input tensor has a size of 64, 64 and three 

RGB channels.  

 

 
Figure4: Flowchart of steps performed in CNN [17] 

 

Another approach includes Harr Cascades detection, it 

works on principle that first using a dataset we train a 

model and then real time video feed is given to classify the 

data. It includes three major principles 

 

Haar Cascade Classifier- Detection the use of Haar 

function-primarily based cascade classifiers is a good 

method delivered with the aid of Paul Viola and Michael 

Jones in their paper titled 'speedy object Detection the use 

of a Boosted Cascade of easy functions' in 2001.This 

approach is grounded in machine learning, where a cascade 

function is trained using a substantial dataset of positive 

and negative images. Subsequently, this trained model is 

employed to detect objects in other images [18]. 

 
 

Figure5: Gray Scaled image [18] 

 

Adaboost Algorithm- AdaBoost, short for Adaptive 

Boosting, is an ensemble boosting classifier introduced in 

1996. This technique employs an iterative process where 

multiple classifiers, which individually exhibit weak 

performance, are amalgamated to create a robust single 

classifier, thereby enhancing efficiency. 

 

Optical Flow Algorithm- The optical flow algorithm is 

rooted in the analysis of how images in two consecutive 

frames create a motion pattern as a result of either object 

movement or camera motion. In this context, each pattern 

represents a 2D displacement vector field, with the arrow 

vector indicating the direction of object movement 

between the two frames. 

 

5. RESULT AND DISCUSSON 

 

A detection-based totally approach has demonstrated 

success, in scenarios with low-density crowds. This 

method employs Haar Wavelet remodel (HWT) and assist 

Vector machine (SVM) for the type of heads and their 

respective components. additionally, a Kanade Lucas 

Tomasi (KLT) tracker is utilized to extract a hard and fast 

of low-level functions, aiding within the identity of moving 

objects inside video frames. 

 

The regression-based approach encompasses various 

techniques for capturing both local and global scene 

properties. These techniques include Local Binary Pattern 

(LBP) and Histogram of Oriented Gradients (HOG). 

Following the extraction of local and global features, 

neural networks are applied to further analyze the data. 

 

Model evaluation- often involves using accuracy as a 

metric to assess the model's performance across all classes. 

Accuracy is obtained by dividing the total number of right 

predictions made upon the total number of predictions 

made. The total number of predictions made is nothing but 

sum of true positives and negatives. 
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Figure6: Confusion matrix of CNN approach [17] 

 

 

 
Figure7: ROC curve for Indoor Evaluation [17] 

 

Density based algorithms makes use of Random Forest 

Regression from a couple of image patches for vote casting 

densities of a couple of goal options. 

 

6. CONCLUSION 

 

Over the past few decades, Closed-Circuit Television (CCTV) 

surveillance has become an integral component of monitoring 

crowded public areas. This proliferation of surveillance 

cameras has generated a massive volume of video data, 

necessitating automated solutions for its efficient analysis and 

management. The primary motivations for automated video 

surveillance include: 

 

[I] Safety Control- Video surveillance cameras for safety of 

people at public places such as malls, stadium to detect and 

monitor the crowd behavior and any abnormal activity. 

[II] Disaster management- Monitor the situation at crowded 

places to prevent the risk of any situation of havoc or stampede. 

[III] Visual Surveillance- Automated surveillance systems are 

capable of alerting authorities to unusual activities in public 

places, enabling a rapid response to potential security threats or 

suspicious behavior. 

 

To mitigate the potential risks associated with crowded places, 

it becomes imperative to implement automatic detection of 

abnormal and critical situations. Crowd density detection stands 

as one of the most intricate challenges within the realms of CV 

and field of ML. The vital approaches have emerged for this 

purpose: Detection-Based, Regression-Based, and Density-

Based Approaches. In this context, leveraging deep learning 

models, particularly Deep Convolutional Neural Networks 

(CNN), proves to be a powerful tool for detection. Unlike 

traditional methods that operate on image patches, deep CNNs 

process the entire image through multiple layers, offering the 

potential for improved accuracy. 

However, achieving high accuracy in crowd density detection 

remains a complex endeavor. While CNNs hold promise, 

factors such as orientation and illumination introduce 

complexities that necessitate careful consideration and further 

research. 

 

There are still some issues that need to be solved to improve the 

results of automatic video surveillance: 

A. Tracking the Detection Framework- Developing 

robust tracking mechanisms to follow individuals 

across frames is essential for maintaining accurate 

crowd density estimations, particularly in dynamic 

environments. 

B. Analyzing Crowd Behavior- Understanding and 

predicting crowd behavior, including identifying 

abnormal or potentially dangerous patterns, is an 

ongoing research area critical to enhancing 

surveillance systems' effectiveness. 

C. Real-Time Processing and Generalization- Achieving 

real-time processing capabilities and ensuring that 

surveillance models can generalize well across diverse 

environments and conditions are essential goals for 

improving system reliability. 
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