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Abstract: Numerous study fields have investigated human behavior analysis (e.g., sociology, psychology, computer science). 
Understanding the actions of its members in an automated way remains a challenging problem, despite advances in sensor systems, 
machine learning, and deep learning. The objective of this article is to assess the state of the art, with a focus on machine learning and 
object tracking as sensor systems for artificial intelligence methods, given the breadth of the subject. Additionally, there hasn't been any 
research examining the degree of generalization in terms of activity duration. This paper provides an overview of machine learning-
based methods and approaches for categorizing group behavior in picture sequences. The evaluation takes into account both the size of 
the group and the varying levels of comprehension. 
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1. Introduction 
1.1   Machine Learning 

Machine learning is a branch of artificial intelligence (AI) and computer science which focuses on the use of data and 
algorithms to imitate the way that humans learn, gradually improving its accuracy. IBM has a rich history with machine learning. One 
of its own, Arthur Samuel, is credited for coining the term, “machine learning” with his research  (link resides outside IBM) around the 
game of checkers. Robert Nealey, the self-proclaimed checkers master, played the game on an IBM 7094 computer in 1962, and he lost 
to the computer. Compared to what can be done today, this feat almost seems trivial, but it’s considered a major milestone within the 
field of artificial intelligence.  Machine learning is an area of artificial intelligence (AI) and computer science that focuses on using data 
and algorithms to mimic the way people learn, with the goal of steadily improving accuracy. 
 

Machine learning has a long history at IBM. With his study (PDF, 481 KB) (link sits outside IBM) on the game of checkers, 
one of its own, Arthur Samuel, is credited with coining the phrase "machine learning." In 1962, Robert Nealey, the self-proclaimed 
games master, competed against an IBM 7094 computer in a game of checkers. Compared to what will be done now, this achievement 
almost appears small, yet it’s regarded a huge milestone within the area of artificial intelligence. Technological advancements in 
computational power will enable some of the inventive products we know and appreciate today, such as Netflix's recommendation 
engine but rather self-driving cars, during the next several decades. Machine learning is a crucial part of the rapidly expanding discipline 
of data science. Algorithms are trained to generate classifications or predictions using statistical approaches, revealing crucial insights 
in data mining initiatives. Following that, these insights drive decision-making within applications and enterprises, with the goal of 
influencing important growth KPIs. As big data expands and grows, the concept of information scientists will rise, necessitating their 
assistance in identifying the most important business questions and, as a result, the data needed to answer them. (“What Is Machine 
Learning?”) 
 
1.2 What is crowd behaviour? 

The behaviours or actions of a group of people who have assembled for a brief time while paying attention to a specific item 
or event. A common component of many human endeavours is crowdedness. Every day, many pedestrians are handled in transport hubs, 
tall buildings, stadiums, and other public places. Effective crowd control is crucial for maintaining safety in these situations and 
determining one's quality of life. Fires, crowd violence, or the ecstasy of a few crowd members are only a few examples of crowd 
tragedies, in which people are seriously injured or killed as a result of being crushed or trampled. Such incidents can and have happened 
during rock concerts, religious services, and athletic events. [Fruin J.J. 1981] provides an overview of similar events. During the 
admission, occupation, and evacuation of something like a public event facility, serious injury and disease can occur. 

 
The Hajj, a Muslim journey to Makkah, Saudi Arabia, which presents the inspiring setting for this research, is a noteworthy 

example of pedestrian overpopulation. Disasters caused by overcrowding have been described as a sort of foot traffic process whereby 
some key performance limitations have been surpassed. It is defined by Fruin as the sudden gathering of a group of people in a 
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constrained location with more than enough mass and force stampede cause emotional injury or loss [Fruin J.J. 1981].Understanding 
the system dynamics that contribute to a crowd catastrophe is a requirement for creating proper crowd management and control 
approaches, as well as crowd facility design guidelines.Variations in crowd behaviour (B) may be ascribed to three elements in general: 
population characteristics (C), facility design and layout (F), and management methods (M) [Ventre F.T., 1981].  

 
That is to say: (1)B=f (C, F, M) 
 

The term "crowd behaviour" (B) is a generalisation that refers to a variety of related phenomena. Physical characteristics of 
crowds and their movement, such as measurements of traffic flow rates through busy streets and the concentration of people in a given 
area, typical crowd dynamics in a crowded stadium (i.e., the typical process by which throngs of people form, change, and dissolve), 
and prompting frameworks that turn typical crowds into potentially dangerous mobs are all examples of these. Statistics, total attendance, 
degrees of crowding within the general crowd, and emotional factors like the crowd's "mood" for any specific event can all be used to 
describe crowd characteristics (C). The general configuration of the facility, the layout of circulation components, linkages with transit 
facilities and parking, and the capabilities of ways of admission and egress are all covered under facility design and functionality (F). 
Staffing, connectivity, safety, admissions, and furnishings are examples of management practises (M), which might change from one 
event to the next. (A. H. Saad, 1996). 
 
1.3 Aspects of Human Behavior Analysis 

The main components of human behaviour analysis are presented in this section. We'll start with the varied levels of 
comprehension and then move on to the primary datasets for testing. 
 
1.3.1 Description of Human Behavior with Types and Semantics (Gesture, Motions, Activities, Behavior)  

To classify human behaviour according to the various levels of abstraction and understanding, the data must be divided into 
categories based on the significance, length of time, and complexity of activities performed by people.  Activities are classified based 
on their level of difficulty, which ranges from the simplest to the most difficult. The complexity factor is directly related to the activity's 
duration; in general, a longer duration indicates that the activity is more complex. There are four levels in that are correlated to their 
semantics: – 
 
Level 1 (Gestures): Long-lasting basic motions of bodily components. Gestures can include motions of the hand, arm, foot, or head, 
among other things. – 
Level 2 (Actions): Also known as atomic, this level consists of actions carried out by a single person and lasting longer than a gesture. 
Walking, running, and jumping are examples of actions. Borja-Borja et al., L.F. 296 Borja-Borja et al., L.F. Borja-Borja – 
Level 3 (Interaction): Activities involving human-human or human-object interaction are carried out in this category. Two people 
dancing, kissing, running behind each other, children playing, and people cycling are examples of these interactions. – 
Level 4 (Group Activity): At this level of description, the scene can include two or more groups of people, as well as one or more 
objects. An athletic race, basketball team forwarding, pedestrians crossing a street, a football game, a fight in a stadium can be examples 
of group activities. (Chaaraoui,2012) proposes a new taxonomy of human behaviour that categorises it based on its intricacy and length. 
In this method, the analysis is divided into four tiers based on the degree of semantics:  
Level 1 (Motion): Measurement in frames or seconds. 
Level 2 (Action): Simple task detection in terms of seconds. Humans can interact with items, as well as sit, stand, and stroll. 
Level 3 (Activity): These are chores that last anything from a few minutes to many hours. They define a number of actions, such as 
having to clean a room or washing a car. 
Level 4 (Behavior): This is perhaps the most advanced level of comprehension since the length period can range from hours to days. A 
person's daily routines, personal habits, or a combination of two tasks in a logical order are all examples of behavior. Each of the 
aforementioned taxonomies are based on the activities individuals engage in on a daily basis, taking into account important factors like 
semantic level, duration, and activities made up of smaller aspects like movements and actions. They divided behavior into levels or 
orders that ranged from simple movements lasting only a few seconds to complex acts performed by people over the course of several 
minutes, hours, or even days. The goal of the study was to provide a system of broad classification for human behavior. There are more 
categories, however for the sake of this research, we'll concentrate on the classification of group and crowd behavior (Borja, 2017). 
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1.4 Steps to analyse crowd behaviour 
Other types of classification, also including geometric-based classification, contextual classification, and application-based 

classification, have been documented in the literature (Rodrigues, 2017 and Liang ,2014) Furthermore, based on previous research, it 
can be determined that crowd analysis occurs in three stages:   

 Crowd modelling is interested in the study of scenes containing crowds, whereas crowd monitoring is concerned with the 
development of surveillance systems for crowd monitoring. It makes inferences about crowd behaviour based on statistical data. 

 Crowd management is a subset of crowd models and crowd monitoring because it encompasses all tactical move for crowd 
control and safe crowd handling in order to maximise operational efficiency. 

 Other approaches to crowd analysis 
 Analysis of crowd abnormalities 
 Analysis of a crowded scene 
 Estimation of crowd density 
 Counting the crowds 

(Tripathi, 2018) 
 
1.5 Role of machine learning in crowd behaviour analysis 

The human behaviour of communities and crowds has been studied in this work, bearing in mind the level of semantics and, in 
particular, the size of the people who make up the group or crowd, as well as behaviours such as soccer and basketball players, 
pedestrians, sections of the population in public transport and bus stations, and people gathered in parks and squares. We offer a 
classification of group and crowd behaviour based on the degree of semantics: Motion, Action, and Activity, as well as two automated 
tasks: Count-People and Tracking. It has included the methodologies and algorithms that academics use for analysis, as well as the 
datasets utilised, which are mostly standard datasets, with a few bespoke data points or YouTube videos thrown in for good measure. It 
is critical to confront the problem of video sequences employing RGBD cameras in future development, as this sort of technology is 
becoming more widely used (Borja, 2017). 
 
1.6 Crowd behavior with convolutional neural network (CNN) 

One of the most intriguing emerging technologies, deep learning has the potential to revolutionise how individuals learn in 
many spheres of their lives [Schmidhuber, 2015; LeCun, 2015]. A significant development in 2006 [Hinton, Bengio] was the 
demonstration that training DNNs layer by layer in an unsupervised manner (pretraining), followed by controlled fine-tuning of 
something like to the stacking network, produced efficient pattern recognition tools. A recommended denoising method is the 
autoencoder [Vincent, 2010], in which the model is constructed to reconstruct the input from simply a buzzing sound version. Stack-
based autoencoders called DBNs [LeCun, 2015; Bengio, 2007] allow the user to specify the layers (Tripathi, 2018)  
 
1.7 Crowd Analysis Attributes  

Different qualities may be used to analyse the crowd, according to [Zhan2008, Mehran,2009], and these attributes are as 
follows:  
• Counting and estimating the number of people in a crowd  
• Detecting and tracking crowds  
• Understanding crowd behaviour 
 

The following paragraphs provide an overview of the aforementioned crowd analysis taxonomy by providing descriptions of 
each of the subcategories. Crowd sceneries feature both structured and unstructured crowds. There has been a steady discussion of the 
static scene, crowd movement patterns, convergence toward crowd motion characteristics, motion tracking and abnormality detection 
features, and static analysis movements in the interpretation of violent crowds.  
 

Crowd monitoring was among the most significant characteristics in determining solutions for crowd safety. In fact, a new 
testing algorithm was devised in one of the experiments [Yu, H., Zhou,, 2016], with the goal of exploring target group information and 
using within-group relationships for association and tracking. Crowds are studied using both static and dynamic situations that contain 
movement. The intricacies of static and dynamic situations are the emphasis of one technique, while the motion capture of crowds is the 
focus of the other. These two methods provide us with critical information such as crowd density, counting, and, more critically, 
categorization of anomalous crowd behaviour (Tripathi, 2018). 
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1.8 Datasets in CNN-based crowd analysis 
The datasets used in crowd scene analysis, crowd counting, and general crowd behaviour are addressed in this part. The Who 

Do What at Somewhere (WWW) crowd dataset is the most popular of these datasets. Datasets include DynTex , UCLA , Dyntex++ , 
UCSD , UMN, and Mall, UCF CC 50, ShanghaiTech, UCF CC 50, NUS-HGA, BEHAVE , Rare Events Dataset (RED), WorldExpo'10, 
Pedestrian dataset, UCF CC 50, Shanghai World Expo Dataset, City Dataset, WorldExpo10, PETS2009, UCF CC 50, Shanghai World 
Expo Dataset, City Dataset, WorldExpo10, PETS2009, UCF CC 50 (Tripathi, 2018). The following datasets are widely used in 
experiments to study the behaviour of groups and crowds: BEHAVE, BIWI, CAVIAR, VSPETS, ETH, DGPI, UHD, HMDB, SportsVU, 
PETS, UNM, ViF, Bus STATIONS, Subway STATIONS, and more organisations. In other circumstances, the researchers even utilise 
their own datasets or YouTube movies (Borja, 2017) 
 
1.9 Components of CNN 
 Convolution 
 Pooling 
 Activation functions 
 Optimization SGD 

 
2. Review of Literature 

According to Wang (2003), a computer vision-based survey looked at human motion analysis, including person recognition, 
tracking, and activity interpretation. Crowd modelling and management of occlusions. Hu (2004) claims that the themes of object 
detection, object tracking, and human recognition will all be thoroughly covered. Data fusion, anomaly detection, and occlusion from 
several cameras Zhan (2008), "Using computer vision techniques for crowd analysis," Non-vision methods or complex intelligent 
systems are not mentioned. Pre-processing, object tracking, and event detection are all covered, according to Sjarif (2012). The capacity 
to understand and replicate crowd situations is insufficient. As stated in the discussion regarding anomaly detection by Sodemann (2012). 
The topics of artefacts, sensing, creating input features, and anomaly detection are all included. 
 

Numerous resolutions and associated algorithms are missing from the survey. Gowsikhaa (2012) semantically enhanced human 
behaviour analysis is discussed. To classify human behaviour patterns, semantics are divided into two categories: medium order and 
lower order semantics. There is a lack of interaction between many objects.Thus according to Thida (2012) It divides the problem into 
macroscopic and microscopic solutions. It emphasises the need of automating complicated crowd scene analysis. More attention is 
needed to the movements for crowd behaviour in an unstructured crowd setting.  
 

As per the Jo, H (2013) For crowd simulation analysis, a physics-based technique is employed and explored. More research is 
needed on abnormality identification on datasets that are more representative of the human realm. Vishwakarma (2013) discusses the 
most recent survey research and explains cutting-edge technologies for human detection, tracking, activity identification, and behaviour 
comprehension. It also goes through the datasets and discusses the crowd analysis results. More debate on different perspectives on 
human mobility is required. Afsar (2015) examines 14 years of effort in the field of crowd analysis, including detection techniques, 
applications, and a variety of datasets. Pedestrian detection, anomalous activity detection, and activity detection are given more attention. 
More exploration on multiple feature fusion of selected features from the same picture using diverse approaches is required. The merging 
of dynamic sceneries with vectors needs significant debate. 
  

As per the Li, T. (2015) crowd dynamic analysis and crowd behaviour analysis are discussed in 2015. MSFF (multi-sensor 
feature fusion) is not mentioned in the debate. Zitouni (2016) examines crowd activity dependent on density. For real-time crowd 
analysis, it lacks a real-time touch. More attention should be paid to social force models and static crowd models. According to Kok 
(2016) the crowd behaviour is captured utilising a combination of physics and biological elements. The crowd behaviour is described 
using physics principles like as optimization, viscosity, and many more. More research on stationary populations and deep learning 
algorithms for mob behaviour analysis is required. Grant (2017) examines crowd analysis in relation to two main fields of research: 
crowd demographics and behaviour analysis. Abnormality identification, rioting, and behaviour analysis are discussed. Gives a nice 
example of datasets. Even though deep learning methods exist at this moment, they are conspicuously absent from the survey 
Sources: (Tripathi, 2018). 
 
3. Research Methodology 

Secondary research has been used for writing the paper as extracted via various published research papers. Qualitative 
techniques have been applied during entire of research. 
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 4. Conclusions  
The population of the globe has increased dramatically in the last ten years. It's more important than ever to study and analyse 

crowd behaviour due to the alarming rate of population rise. Researchers from a wide range of disciplines, such as social science, 
artificial intelligence, and algorithms, have shown an interest in understanding how technology and social factors interact to shape 
population behaviour. The development of methods for automatically understanding and analysing crowd behaviour relies heavily on 
computer vision techniques. In this article, we examined several crowd analysis models developed and applied in computer vision. We 
wish to offer a thorough examination of the research in a variety of crowd analysis domains, including crowd size, biometric 
identification, outlier detection, human behaviour, the importance of crowd analysis, and recent developments in this area. This article 
discusses CNN's most recent breakthrough in crowd analysis. A brief introduction of CNN and all of its parts is given at the beginning 
to help the reader understand the concept. The traditional methods based on handcrafted components are first explained. There are four 
different types of crowd analysis techniques: crowd counting, estimating traffic density, crowd scene analysis, and crowd anomaly 
detection. Every one of those categories is carefully explored, along with performance comparisons, using the basic CNN-based work. 
Additionally, we examined significant crowdsourcing datasets that were mentioned or examined in the publications we read.  
 

We also outlined some of the most interesting challenges and problems encountered by academics using CNN-based 
approaches in crowd analysis research. This article reviewed prior studies on 1) generally constant traffic flows under normal conditions 
and 2) crowd behaviour. Based on the results of the first kind of study, it can be said that the supposition of public transportation traffic 
flow, for coordinated movement under normal circumstances, has been explained and elaborated to show the real behaviour of knuckle 
traffic flows in such a context, and can be used for design and control. On the other extreme, the research revealed that a large number 
of qualitative studies on crowd behaviour have mostly concentrated on its socio-psychological aspects. These studies have concentrated 
on the mental states of the crowd participants rather than the physicochemical characteristics of the crowd. Other studies that examined 
crowd behaviour in both physical and behavioural contexts were included in this analysis. In these works, researchers have used a variety 
of modelling techniques and analogies to attempt to quantify how people behave in a variety of crowd situations (such as panic and 
mob), but none of these models appear to have been observationally calibrated. 
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