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Abstract— The estimation and the controlling processes 

in the crowd counting filed are the most important on over 

applications related to surveillance systems and control 

follow related peoples to give them a complete safety 

especially in the large groups that contain a huge collection 

of individuals. There were found various events in human 

histories that gather a huge number of crowds in the same 

place. For example, in religion occasions as in HAJJ season 

which occurs every year, these events cause accidents that 

lead to death. So, to avoid and prevent all types of accidents 

related to these huge crowds; this paper presents an 

improved technique to estimate the density of peoples in the 

same place to help the decision makers to monitor and 

control the pedestrians overcrowded in the large collection of 

individuals. The proposed technique depends on the thermal 

bands for human, according to the big variance of 

temperature human body between the skin and the skin 

covered with clothes. Also, it presents the whole range of the 

temperature for each frame in the video. The essential 

characteristic of crowd counting technique is that it does not 

require a previously stored and trained data, but it uses a 

live video stream as input. Also, it does not require any 

intervention from individuals. The research’s approach 

depends on capturing the thermal features of an individual. 

The result of this technique is introduced and proved to be 

highly accurate, and the experimental results demonstrate 

the effectiveness of the approach. 

Keywords—Crowd estimating, Crowd Control, visible 

image bands, thermal image band, pedestrians' detection 

I. INTRODUCTION 

This paper handles the effect of using Infrared bands in 
the estimation of the density of people in the crowd. Today 
this field of research has witnessed in various 
developments. Estimating crowd size and distinguishing 
individuals is a major problem in visual and invisible 
surveillance systems. The accurate and direct appreciation 
of pedestrians in a wide range of individuals such as public 
events, shopping malls, and religious events can support 
managers and organizers of these events with valuable 
information [1].  These events cause accidents that lead to 
death especially in the huge and large crowds. From this 
point of view, the main objective of this paper is to present 
a practical intelligent solution to avoid and prevent all 

types of accidents related to these huge crowds. The 
proposed solution automatically depends on measuring the 
density of the individuals in the crowd based on body 
thermal features through radiation emitted from objects 
due to their temperature. The emission of thermal radiation 
in the infrared spectral region is caused by the formation of 
atoms forming the body at temperatures above absolute 
zero and returning to the non-excited state, which causes 
electromagnetic radiation to be emitted in the infrared 
region. Where the atoms are in the state of continuous 
excitation to the high levels of the excited level and then 
return to the level of ground energy state [2-4]. Figure 1 
shows the structure of electromagnetic rays and its section. 

 

Fig. 1. The structure of electromagnetic rays 

 

The rest of the paper is organized as follows. Related 

work is discussed in section 1. The proposed approach for 

crowd counting is introduced in details in section 2. The 

adopted database is presented in section 3. The 

experimental results are discussed in section 4. Section 5 

includes the main conclusion. 

II. RELATED WORK 

This section presents the literature reviews for crowd 

counting fields in the visible and thermal spectrum bands. 

The existing solutions can be broadly categorized into 

three groups in crowd counting visible bands first.  
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Detection based approach this method based on specific 

the location and parts of human body through analyzing 

and extract the texture features presented in the image 

such as calculating the density of the colors and detection 

features of the human body such as head detection [5-7], 

second regression-based approach this method works as a 

function of linear or nonlinear correspondences between 

image features and the number of people in the training 

data [8].  

Third Tracked based approach is based on the mobile 

crowd to identify individuals in the crowd such as motion 

filtering, direction clustering, and dynamic learning [9, 

12]. Nowadays, human biometrics moved from visible 

bands to thermal bands especially pedestrians’ detection. 

Literature research have proved that thermal bands can 

outperform many of the visible bands' problems. This fact 

attracted researchers to use thermal bands in the field of 

crowd counting and control [13]. The existing solutions 

can be broadly categorized into two groups first 

background-based approach this approach based on 

extract foreground from background [14]. Second Heat 

signature-based approach this approach to monitoring and 

estimate the number of pedestrians in the crowd 

depending on infrared cameras concepts [15]. 

III. PROPOSED WORK 

Nowadays, pedestrians counting are the most widely 

spreading techniques in the research area to help the 

decision makers to monitor and control the pedestrians 

overcrowded in the large collection of individuals. This 

paper presents contribution to the field of crowd density 

calculation which is based on using heat signature for 

human density calculations with adding an enhancement 

on previous researches. The enhancement is dividing the 

temperature range for human shield into two ranges 

(covered and uncovered) based on the important fact of 

the big variance between the two temperatures captured 

by the thermal camera. The human normal case uncovered 

skin temperature such as arms and face more than the 

temperature of covered skin with clothes. The experiments 

conducted to check the system's efficiency to show the 

higher accuracy rates resulted by the proposed approach. 

Figure 2 presents the flowchart that summarizes the steps 

of the proposed approach. 

 

 
Fig. 2. The flowchart for proposed approach. 

  The following steps present the proposed approach 
through these basic implementation 

A. Frame acquisition phase 

features' analysis indicates that each video frame 
consists of 240*320*3 RGB pixels. Each frame contains 
two different boxes to indicate the temperatures range in 
this frame. These boxes represent the maximum and 
minimum degrees of temperature as shown in Figure 3.  
These boxes were specified and cropped to get the 
temperature range of this frame using function imcrop at 
fixed point, for box represents maximum degree at 269 in 
X-axis and 46 in Y-axis , box represents minimum degree 
at 296 in X-axis and 179 in Y-axis and 21 and 16 for width 
and length respectively. 

 

Fig.3. The heat temperature representation of one frame scene extracted 

from thermal video 

 

B. Image processing phase 

Image processing is an essential part in the approach, 

and it can be divided into several steps; the first step 

converts the RGB image of the frame to gray scale image, 

the second step converts the image from gray to binary to 

become more pure and clear, while the last step apply 

some morphological operations to the binary image 

resulting from the previous step to make enhancements on 

the image such as fill gaps by removing isolated 

pixels.Prepare Your Paper Before Styling 
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C. Numbers recognizing phase 

As indicates from the previous phases, the converted 
binary image is divided into two different images; each 
one consists of one digit that the value of this number rates 
between zero and nine which represents the minimum and 
maximum temperature degrees. This phase compares 
between these digits’ images and the pre-stored digits 
images in dataset by the components of its shape and size 
for of the ten digits (0-09) to estimate the correct degree as 
show in Figure 4. 

 

Fig.4. The pre-stored ten-digit images 

The previous steps are applied on both upper and lower 
boxes that represent maximum and minimum temperature 
values as presented in Figure 5. 

 

Fig. 5. Sample of cropped boxes represent upper and lower temperature 

degree, converted from RGB to gray and then to binary level. 

D. Temperature range colors acquiring phase 

After cropping those boxes and applying the previous 
steps, the temperature range of the video frame has been 
automatically recognized. For each frame, the higher 

temperature (  (T)) and the lower temperature (  
(T)) values are identified. The higher and lower degrees for 

the required temperature range (  (R)) and (  (R)) 
are provided. The following equations are used to calculate 
the difference of the temperature degrees in the frame, and 
the difference of the required temperature range to be used 
in calculating the density of individuals. 

 

                                            (1)  

                                          (2)  

Where:  

      Denotes difference of temperature degrees, and  

      Denotes difference of temperature range required 

The temperature ruler that is placed in the video frames 
is located at the right part of the image frame exactly 
located starts in 307 in X-axis and 70 in Y-axis. The width 
and height of the temperature ruler are 8 and 101 pixels 
respectively (fixed values in FLIR camera). Figure 6 
shows a sample of the used temperature ruler. 

         
Fig.6. The heat temperature ruler representation of one frame scene. 

 
In equation (3), a ratio value RT is calculated between 

range variation and total variation of temperature degree. 

RT=∆ RD/∆ TD                            (3)                                                                                                                 

The height of the required range temperature is 
calculated by multiplying previous ratio value with the 
whole temperature ruler height (which is 101 as a standard 
degree). This height is used to find out the size of the 
required range from size of the whole ruler. Equation (4) 
shows how to calculate the value of the range height. 

                                              (4)                                                                              

Where:  denotes range height value 

 
In the equations from 5 to 7 the start position of the 

ruler is determined to know the part of the temperature 
colors which represent the required temperature range this 
can be explained in following steps: 

 First, the number of rows for each temperature 

degree is calculated by dividing the ruler height 

(101) on the difference of the temperature degree 

in the frame. 

      (5)                                                                                               

 Then the upper part from the ruler which is 

above the required range is calculated from the 

difference between higher temperature value in 

the frame (MAX ( ) and the higher temperature 

value in the range ( ). 

      (6) 

 Finally, the start position of the required 

temperature range from the ruler is calculated by 

adding the rows value calculated in the previous 

step on the row value of the top of the ruler (Y-

axis value which is 70). 

   (7)  

 
From the above equations, the needed portion of the 

ruler representing the required temperature range colors are 
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cropped from the whole temperature ruler according to the 
calculated start point and the range height as presented in 
Figure 7. 

 

Fig.7. Sample for cropping range height from ruler height 

E. Crowd density estimation 

The crowd density calculation is based on getting the 
number of pixels with color values in the whole frame 
which is like the color values in the temperature ruler 
portion determined in section 2.4. This number of pixels 
value is divided by the total number of pixels in the image 
frame which is 320 for columns and 240 for rows. The 
density percentage value DP is estimated by multiplying 
the total value by 100 as indicates is the following equation 
(8).   

   (
                                 

           
)

     

         (8) 

IV. VIDEO DATASET 

The videos dataset is taken by several Forward-
Looking Infrared (FLIR) cameras placed on the roads at a 
height of about 10 meters above all the roads connecting 
between Arafat to Muzdalifah. Generally, the FLIR camera 
is usually depending on utilize far infrared region.  These 
cameras were used by the University of Umm Al Qura / 
Saudi Arabia to capture videos of the various scenes of the 
pedestrian status in this specific area [15]. All the videos 
are with dimensions of 320 pixels width and 240 pixels 
height. The data set contains 11 different video sequences 
it is composed about 5000 video frames. All the captured 
videos of type AVI format with a rate of 18 fps, duration of 
the video from 11 seconds to 59 seconds. 

V. EXPERIMENT RESULT 

The proposed approach has been obtained from various 
infrared videos produced by using thermal cameras. The 
following are samples of the GUIs (graphical user 
interface) of the system. The result depends on using two 
different ranges of temperature. These two ranges indicate 
the temperature of the individual's skin and the temperature 
of skin covered with the clothe using Range 1 for skin 
covered temperature range (skin covered with clothes) and 
Range 2 for skin temperature range like (arms, face, etc), 
No of frames represents whole frames numbers in this 
video, select frame No represents the specific frame, get 
max and min (t) represents the temperature of frame and 
get human percentage represents the density of humans in 
this frame. The eye estimation for some sample can 
estimate the number of people because they are few 

enough to be counted by eye as shown in Figures (8 -c) 
and (8- d). It shows that there are 18% and 11% density 
people in the frame. According to the reference [15] the 
area covered in this frame is 48 m

2
 from about 8 m width 

and 6 m length. And which tells that about 2 persons in 
average can be stands in 1 m

2
, we can say that the 18 % of 

density means about 18 persons in the frame and 11 % 
means about 11 persons. 

 

 

 

Identify applicable funding agency here. If none, delete this text 
box. 
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Fig . 8. Samples results for (a) overcrowded, (b) medium-crowded and (c) 
and (d non-crowded using two (covered and uncovered) ranges. 

 

Figure 8 (a, b, c and d) Samples results for 

overcrowded, medium-crowded and non-crowded using 

two (covered and uncovered) ranges.  

TABLE I.  REPRESENTS THE RESULTS FOR SAMPLES OF THE 

PROPOSED APPROACH 

Proposed 

Approach 
Fig(a) Fig(b) Fig(c) Fig(d) 

Cases Crowded Medium 

Crowed 

Non 

crowed 

Non 

crowed 

Density of 

people 

88.6% 54% 18.7% 11.8% 

 

Table 2 presents a comparison between the two 

previous algorithms presented in [4] and [15] and the 

proposed approach in case of crowded. The algorithms 

use the same dataset from the same thermal videos 

captured from hajj season. This comparison on the same 

case (crowded) and same sample video frame. 

TABLE II.  PEDESTRIAN DETECTION ALGORITHMS AND PROPOSED 

APPROACH IN CROWDED. 

   Algorithm 

 

Case 

CMINS 

Algorithm 

[15] 

HSBS 

Algorithm 

[4] 

Proposed 

Approach 

Crowded 48.72% 58.87% 88.6% 

Accuracy 68.7 % 78.87 % 92 % 

 

As shown in Figure 8, the percentage of people in this 

video frame is exceeding the 3/4 of the overall frame. 

CMINS gives the size of only about 48.7 % while in 

HSBC got about 58.8 % but in the proposed approach the 

result about 88.6% for crowd density (human percentage).  

As presented in the accuracy summary table 1, a clear 

enhancement appears in density peoples’ calculations in 

the proposed approach about (92%). 

Figure 9 shows Comparison between the proposed and 

previous work 

 

Fig.9. Comparison between the proposed and previous work 

VI. CONCLUSION 

This work proposed an approach for crowd counting 
estimation by heat signature. The approach depends on 
measuring the density of the crowd with taking in 
consideration the fact of difference differentiating between 
individual's skin temperature in both covered skins and 
uncovered skin. This work is tested using video frames 
which extracted using thermal video frames instead of the 
visible image because thermal bands can outperform many 
of the visible bands' problems such as shadow problem, 
and presents the whole range temperature degree for each 
frame in the video.  

The experimental result indicates that the accuracy rate 
evaluated in this paper is more robust than the accuracy 
rate which was mentioned in previous studies especially in 
real time estimation and individual counting in the 
crowded areas. Also this paper proves the experimental 
results accuracy of methodical used in places of 
overcrowded and not crowded. One of the advantages of 
this system is not require the followings  

 Any information about the crowd, whether it is 
crowded or not crowded. 

 Dealing with shadow problems. 

 Any information about the crowd, whether it is 
crowded or not crowded. 

 Dealing with shadow problems. 

  The segment foreground from background.  

 The segment between individual people. 

  Tracking anything (neither objects nor corners). 
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