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Abstract: Due to the growing population, crowd management became an important issue and a challenge for the security agencies
across the world, where effective crowd management can prevent serious accidents, and in some cases, mortalities. Thus, a great number
of researchers haven’t saved any effort in their trials to find a proper solution for crowd management. However, monitoring a large area
of crowd is a task full of obstacles and challenges. Crowd management per se is not a simple procedure; it includes some challenging
and consecutive steps which are proper crowd analysis, identification, and monitoring and anomalous activity detection. This paper
attempts to sum up most of the available and presented works that are concerned about crowd management and monitoring with
presenting a tackling approach that will be more accurate for real-time crowd monitoring.
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1. Introduction

2. The Crowd Management Challenges

Crowd is a situation which describes a large group of
people who have similar interests such as large concerts or
sports events, or they are just only casual crowds [1]. The
crowd could be quantified by the number of individuals
per unit area at a given moment.

Researchers have proposed several methods and
techniques to understand crowd behaviors for developing a
safe and secure environment in order to avoid crowd
congestion, public riots and terror attacks. In crowded
scenes, standard computer vision techniques are not
applicable in first hand manner due to severe occlusion
and complex background scenarios. Many computer vision
algorithms exist for tracking, detecting and in analyzing
behavior of crowded scene. Although they provide a good
result in a low to medium density of population, but it is
still a challenge to deal with a dense crowd [4][5].

If this crowd wasn‟t properly managed, disasters like
stampedes and congestions might occur.
Whereas crowd management is defined as the systematic
planning and supervision of the orderly movement and
assembly of people, it involves the assessment of people
who handle capabilities of a space which is prior to use
[2].
Most of the crowd disasters that have occurred before
could have been prevented by the application of simple
crowd management strategies, where the main aim of the
crowd management is to avoid the critical crowd densities
and the rapid movements of groups[2].
And by the increase of crowd density, a transition to a
chaotic state occurs, and thus, outbreaks of panic since the
individuals have lost control causing a “crowd turbulence”
phenomenon, and this phenomenon can trigger disasters
[3].
This paper is divided into five sections: the introduction is
the first section, the second section is the challenges that
face crowd management and the third section is about the
crowd management methods.
A discussion took place in the fourth section, and then we
conclude the paper in the last section including future
work.

Also, in the analysis and the understanding of the video
scenes, the main focus is on the detection of the object, its
tracking and its behavior recognition, and therefore, the
conventional methods fail sometimes in the crowded
scenes of high density because they are extremely
cluttered and have high occlusions [6][7].
Another problem was presented where they identified
some issues concerning the unexpected behaviors of
crowd, and thus causing difficulty in controlling this
crowd [8].
These points are summed up to clarify that:
The behavior of people in a crowd is unexpected and
unpredictable even if they are all involved in the same act
or are gathered for the same reason, and this makes the
crowd management more complicated.
For pedestrians, the movement is so easy and flexible in
comparison to vehicles and driving since they are
governed by driving regulations, however, pedestrians can
easily change their movements and directions whenever
they want and wherever they want.
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Human behaviors are different, and they even change
according to the situation, for instance, people‟s behavior
in low crowd will not be the same as in medium or large
crowd.

Success was proved by this system since it had the ability
to automatically detect crowded scenes of people moving
in directions opposite to each other whether it was at a
short or a long distance.

The datasets that represent the crowd scenarios are
deficient.

3.4 A Two Step Mode Computer Based System

3. Crowd Management Modules
Crowd management can be divided into two parts, 90% of
it relies on the preparations and the identification of
potential hazards that can be known by the “what-if”
scenarios, while the remaining 10% depend on monitoring
the crowd for preventing the unpredicted situations and
noticing the abnormal behaviors at an early stage to
overcome the consecutive problems [9].Many researches
have been proposed to find a proper solution for crowd
management. The following paragraphs will present the
study of some crowd control and management systems.

This system - which is for monitoring the crowd and
avoiding disasters- is mainly based on the combination
between two modules, the fuzzy logic and the Graphical
Information System (GIS) [13] .
The system is achieved in two steps:
a) Pre-disaster planning.
b) Real-time crowd analysis.
The first step is responsible for determining the sensitive
locations, space management, and by the help of GIS it
determines the evacuation paths, and finally manages the
related arrangements.

3.1 Satellite Images
A new approach for the automatic detection of crowded
areas using satellite images of very high resolution has
been proposed [10].
The main disadvantage of this system is that the images
are not of high enough resolution to see each person
individually with sharp details, however, the capability of
noticing a change in the components of the colors at the
place of existence of a person somehow helped in
overcoming this disadvantage.
As a result, they developed an algorithm which was tested
on panchromatic Worldview-2 satellite image dataset.
They also compared their algorithm with another
algorithm obtained result from an airborne image which
was taken from the same area, and the final conclusion
indicated the possibility of using this algorithm in real-life
events, however, it‟s not of a 100 % accuracy.
3.2 The Minimum Mean Square Error (MMSE)
Tracking people in crowded area using a simple method
depending on scenes from a video sequence was the idea
proposed, where identification of people in subsequent
frames depends on computing the MMSE between the
frames of the video sequence [11].

The second step analyzes the crowd at real-time for the
detection of any emergency.
The fuzzy system mainly is responsible for determining
the crowd and planning an action, while the GIS is for
determining the shortest path.
3.5 Analyzing Still Images using Information Fusion
A useful tool has been presented which is used in
estimating the crowd behavior that is derived from
distributed sensors [14].
The aim of the tool is to automatically alert the operators
and to be aware about the occurrence of an abnormal
behavior, not the identification of an exact position of a
person in the scene.
3.6 Support Vector Machine (SVM)
The support vector machine algorithm with Higher-Order
Singular Value Decomposition (HOSVD) was proposed
by the authors for the crowd density measurement, where
different density levels of crowd were determined by
SVM [15].
However, this is a very time consuming way, and also
since the SVM is a classification technique, it will need an
accurate training dataset, and this is not easily found in
crowd management applications.

3.3 Slices in the Spatiotemporal Domain
3.7 Gaussian Mixture Model (GMM)
This technique was proposed to determine the crowd from
a moving platform using these slices to detect intersections
and inward movements between several moving objects
[12].
Calculations are done by the system to figure out the
probability of the distribution functions regarding the right
and the left inward motions, and as a result, concluding a
decision about crowd detection.

Deep learning was used to notice the abnormal events
which can happen in a crowd [16].They used GMM to
study from videos in an unsupervised form the normal
events patterns.
The main disadvantage of GMM I that it‟s computational
time can be very long.
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3.8 Wearable Devices
Special devices can be worn for crowd management such
as smart bracelets that have internet connection.
These bracelets can immediately send data to the server, or
when demanded. The problem is when the communication
falls down, but in this case the data is locally stored and
will be resent to the server whenever the connection is
back.

temperature, noting that, the human temperature when
captured by the FLIR camera will be different, and this
depends on the time of capturing the image whether it‟s
day or night, the temperature of the ground and the density
of the crowd.
Also human temperature will be affected by the crowd
density, where their temperature rises in a high crowd and
vice versa, and as a result, calibration step should be done
every 30 minutes. Figure 2 shows some thermal images
during the calibration step.

To overcome this problem, it was suggested to use the
adhoc hotspot Wi-Fi in smart phones to avoid this
breakdown especially during emergencies [17].
However, the consuming resources are the most important
things to be considered.
3.9 Infrared Thermography
Thermographic images have been proposed for
determining the crowd density in a specific area
[18][19][20]. This method depends on a physical
phenomenon which states that anybody emits
electromagnetic radiation as long as the temperature of this
body is above absolute zero, these radiations emit energy
which is called “wavelength”, and it can be calculated
using the following equation,
𝐶
𝐸 =ℎ×

Where ℎ = 626068 × 10−34 m2.kg/sec which represents
the Planck‟s constant.
C = 299,792,458 m/s is the speed of light in vacuum, while
the wave length is represented by  .
Thermography is a measurement technique which allows
the determination of one‟s environment whether there is
visible illumination or not, it also allows seeing variations
in temperature, and as a result, warm objects such as
humans or warm-blooded animals can be seen clearly
against cooler backgrounds such as the environment day or
night. For example, Figure 1 shows an example of thermal
image of some people moving in Haram area.

Figure 1: shows thermal image of hajjes in haram area
For crowd management using thermography, a software
module is used, and this software requires two types of
inputs, the first is the video that was captured by the FLIR
camera, and the second is the range of normal human

Figure 2: Examples of Thermal images
An analysis algorithm was made which is capable of
determining the minimum and the maximum temperatures
at any frame of the entered video where a normal
temperature range of humans is given. The module will
calculate the percentage of the present temperature range,
and accordingly, crowd density can be determined.
This module mainly aims to calculate the crowd density in
real-time.
However, a big problem faces the thermography which is
the background removal, where background removal in
images with mild occlusion is a hard task especially that in
problems classification the main target and focus is
required to be on the object itself and not its shadow.
3.10 Visual sensing method
Monitoring the crowd actions such as the crowd density
and the pattern of mobility can be done efficiently by the
CCTV, however, some problems should be considered
while using the visual sensors. These problems are:
 The cameras can only capture whatever it is directly
pointing at, and thus, any obstacle that gets in the way
cannot be avoided [21].
 It is somehow a difficult task to fuse the information
gathered from different cameras to produce a perception
of the area on a wide scale.
 The quality of the images taken by the camera will
greatly depend on the lighting, an thus it will be a
problem when being used at night
 CCTV cameras can be used for tracking the crowds,
however, the use of the temporary camera networks is
expensive a consumes a lot of time, which can let us
conclude that the CCTV cameras aren‟t the best option
to be used in events that don‟t regularly happen at the
same location.
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3.11 Mobile / Non-Visual Sensing Method
Another way for crowd monitoring that can be used which
can be by the smartphones where the GPS sensors can
cover a lot of geographical area [22]. Also, using the
smartphones for data collection will help in understanding
and managing the crowd since the movements will be
collected in different patterns and will provide the exact
location of the user.
On the other hand, some limitations are found due to the
energy consumption and the privacy issues. It can‟t
guarantee the complete coverage of the event, and also
there is no availability of real-time feedback which is very
essential for crowd management.

4. Discussion
Indeed many researches have been proposed to find the
most appropriate solution for such an important topic, and
the target is to find the most convenient module with least
expenses and the most time saving and accuracy.
Tackling approach is proposed, where collaboration
between different modules is necessary to cover every
aspect, since the combination between two or more
different methods can help in avoiding the disadvantages
found and take benefit of the advantages to create a
stronger and a more accurate system.
The proposed collaboration is between the satellite images,
thermography and the wearable devices.
Satellite images have the advantage of being fast and have
the ability of covering a wide area, however, it is not of
high enough resolution to recognize each person

individually with sharp details, while thermography allows
seeing variations in temperature, and as a result, warm
objects such as humans or warm-blooded animals can be
seen clearly against cooler backgrounds such as the
environment day or night, but the main disadvantage of
thermography is the shadow present in the image,
however, this can be dealt with by using shadow removal
technique for providing accurate estimation of the crowd.
Another disadvantage, the infrared camera used for
thermography can only capture a very limited area, and in
addition, calibration step must be done every 30 minutes
due to the difference in temperature.
Wearable devices -such as bracelets- is also a proposed
module for crowd monitoring, where smart bracelets that
have internet connection can immediately send data to the
server, or when demanded. The problem is when the
communication falls down, but in this case the data is
locally stored and will be resent to the server whenever the
connection is back.
By combining these three modules together, each module
will have a way in fixing the drawback found in the other
module. In addition, this combination will increase the
benefits taken from the advantages of each module, as an
example, the satellite will provide the benefit of fast
response and wide coverage, while the accuracy problem
found due to the satellites can be fixed by the help of
thermography. All of the gathered data will be collected in
a system and will be filtered to produce an accurate result
gathered from the available sources. Figure 3 shows data
movement from the three sources to data filtering system,
crowd management system then decision support system
which sends decisions to the stakeholders for dealing with
the crowd situation.

Figure 3: Data movement flow architecture
The main target is to choose more than one module for
providing a higher accuracy; however, other modules can
be combined depending on the present situation and their
available facilities. And it must be put in consideration that
crowd management doesn‟t only depend on determining

the density of the crowd, but also there are some general
affecting factors, such as:
 Special parameters, where data from video must be used
to identify the personal space, the formation of groups or
even the headways.
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 Location parameters, to know the effect of maximum
load of crowd, the speed threshold and weight capacity.
 Macroscopic parameters, where there is a very important
relation between speed, flow and density.
 Weather and environmental factors, they can affect the
density of the crowd such as the effect of hunger, thirst,
noise, smell, dehydration or even road blockage.
These factors must be taken in consideration to increase
the accuracy of the results, and to provide a better method
for crowd management since they will have a great effect
in the choice of the most appropriate modules to be
collaborated together for providing an effective tackling
approach.

[7]

[8]

[9]

[10]

5. Conclusion and Future Work
5.1. Conclusion

[11]

In this paper, a tackling approach has been proposed for
crowd management. Many modules have been proposed
for crowd management, some are visual sensing methods
such as satellite images, video sequences or infrared
thermography, and others are non-visual sensing methods
such as smart bracelets or hotspot Wi-Fi in smartphones.
However, the tackling approach depends on the
combination between more than one of these modules, to
take advantage of their benefits, and overcome their
drawbacks.

[12]

The aim of this tackling technique it to provide a system
which gives results with the highest accuracy for proper
crowd management .While the main aim in this paper is
the real-time calculation of crowd density, since the
decisions that will be taken will depend on this calculation,
so it has to be highly accurate.

[13]

[14]

[15]

[16]

[17]

5.2. Future work
Crowd management does not only depend on monitoring
of the crowd, it also depends on data analysis and decision
support, so a survey will be done in those aspects since
they play a big role in crowd management.
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