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DESCRIPTION 

Title of Invention: CROWD MONITORING SYSTEM 

Technical Field 

[0001] 

 The present invention relates to a system which estimates 

a density of a crowd from a video. 

Background Art 

[0002] 

 As a social situation such as security is getting worsen, 

needs for grasping a congestion degree of a crowd from a video 

of a monitoring camera are increased for the purpose of safety 

ensuring and congestion reducing.  In particular, there is a 

need to detect an urgent congestion as much as movement is 

restricted in order to secure safety of the crowd such as a 

station platform.  In addition, there is a need to display a 

congested situation in quantification using a "crowd density" 

(the number of persons per unit area). 

[0003] 

 As a method of estimating the crowd density in 

quantification, PTL 1 discloses a technique of calculating a 

congestion degree from a relation between a feature quantity 

such as the number of corners and an edge quantity in an image 

and the number of persons. 
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[0004] 

 NPL 1 discloses a phenomenon that a magnitude of a 

horizontal swaying is increased at the time of walking as the 

crowd density is increased.  In addition, there is disclosed 

a description about a histogram which is an index of the 

congested situation using the phenomenon. 

Citation List 

Patent Literature 

[0005] 

 PTL 1: JP 2009-181307 A 

Non Patent Literature 

[0006] 

 NPL 1:"Analyzing Pedestrian Behavior in Crowds for 

Automatic Detection of Congestions", Computer Vision Workshops 

(ICCV Workshops), 2011 IEEE International Conference on 6-13 

Nov. 2011, pp144 - 149 

Summary of Invention 

Technical Problem 

[0007] 

 Herein, for example, in a congested situation such as a 

case where a density is increased and thus only part of a body 

can be recognized from the image, the feature quantity such as 

the number of corners and the edge quantity in the image less 

varies.  Therefore, it is hard to secure the accuracy in 
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estimation of the number of persons.  PTL 1 discloses a method 

of estimating the number of persons from a correlation between 

the number of corners and the number of persons as "degree of 

disorder".  However, it fails in considering a method of 

estimating the number of persons in a case where the density 

is high to restrict such a movement. 

[0008] 

 In addition, in NPL 1, an optical flow obtained at a high 

density of the crowd in the video is used, and it is detected 

whether the optical flow is bisymmetrical, so that the 

congestion degree is obtained.  In such a method, it is possible 

to detect an event that the horizontal swaying phenomenon 

distinctively occurs, but it is hard to quantify a degree that 

a magnitude of the horizontal swaying is gradually increased 

similarly to the density of the crowd.  In addition, in a case 

where the crowd advances in a direction perpendicular to the 

optical axis of a camera, the resolution of the horizontal 

swaying becomes small.  Therefore, the congested situation may 

be not detected in a structure such as a monocular camera, and 

thus a high accurate camera is used so as to undesirably cause 

an increase in cost. 

[0009] 

 The invention is to provide a crowd monitoring system 

which can measure a crowd density in quantification by a simple 

configuration even in a congested situation in which the crowd 
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is dense as high as the movement is restricted. 

Solution to Problem 

[0010] 

 According to an aspect of the invention to solve to the 

above problems, there is provided a crowd monitoring system 

according to an embodiment which includes an image acquiring 

unit that acquires a plurality of images, an image feature 

quantity acquiring unit that obtains an image feature quantity 

of the object in the acquired image, a motion line acquiring 

unit that obtains a motion line of the object in the acquired 

image, a motion feature quantity acquiring unit that obtains 

a motion feature quantity of the object on the basis of the 

obtained motion line, a storage unit that stores information 

of a relation between the image feature quantity and the density 

of the object acquired in advance, and a relation between the 

motion feature quantity and the density of the object acquired 

in advance, and a arithmetic logic unit.  The arithmetic logic 

unit obtains a first density estimation value of the object on 

the basis of the obtained image feature quantity and a relation 

between the stored image feature quantity and the density of 

the object, and a second density estimation value of the object 

on the basis of the obtained motion feature quantity and a 

relation between the stored motion feature quantity and the 

density of the object. 



�

5 

�

Advantageous Effects of Invention 

[0011] 

 According to the invention, an abnormal congestion of a 

high density can be quantified as "crowd density" by a simple 

configuration using a monocular camera, so that the invention 

can contribute to safety securing and congestion reducing of 

the crowd such as a station platform. 

Brief Description of Drawings 

[0012] 

 [FIG. 1] FIG. 1 is a block diagram illustrating a basic 

configuration of a crowd monitoring system according to this 

embodiment. 

 [FIG. 2] FIG. 2 is a diagram for describing a technique 

of extracting an edge from a captured crowd image according to 

this embodiment. 

 [FIG. 3] FIG. 3 is a diagram illustrating a motion process 

of acquiring a crowd density in a crowd density acquiring unit 

107 according to this embodiment, and a basic configuration of 

an image feature quantity-crowd density relation storage unit 

301 and a motion feature quantity-crowd density relation 

storage unit 302 in a storage unit 106. 

 [FIG. 4] FIG. 4 is a diagram illustrating a result 

calculated by a density estimating unit. 
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 [FIG. 5] FIG. 5 is a diagram illustrating an example of 

a crowd image and an edge image extracted from the captured crowd 

image according to this embodiment. 

 [FIG. 6] FIG. 6 is a diagram illustrating values of the 

image feature quantity and the crowd density of images 501 and 

502 according to this embodiment. 

 [FIG. 7] FIG. 7 is a graph for describing a relation 

between the image feature quantity and the crowd density 

according to this embodiment. 

 [FIG. 8] FIG. 8 is a diagram for describing a technique 

of acquiring a motion line according to this embodiment. 

 [FIG. 9] FIG. 9 is a diagram illustrating an example of 

obtaining motion lines of a plurality of persons in the crowd 

in an actual image according to this embodiment. 

 [FIG. 10] FIG. 10 is a diagram for describing a technique 

of obtaining a motion feature quantity on the basis of the motion 

line according to this embodiment. 

 [FIG. 11] FIG. 11 is a diagram for describing a technique 

of obtaining the motion feature quantity on the basis of the 

motion line in a congested crowd image according to this 

embodiment. 

 [FIG. 12] FIG. 12 is a diagram illustrating a table listing 

coordinate information of the motion line according to this 

embodiment. 

 [FIG. 13] FIG. 13 is a flowchart for describing a process 
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of a motion feature quantity acquiring unit according to this 

embodiment. 

 [FIG. 14] FIG. 14 is a diagram for describing motion line 

information after acquiring the motion feature quantity 

according to this embodiment. 

 [FIG. 15] FIG. 15 is a diagram for describing a technique 

of obtaining the motion feature quantity on the basis of the 

motion line in a crowd image at the off-hours according to this 

embodiment. 

 [FIG. 16] FIG. 16 is a diagram for describing the motion 

line information according to this embodiment. 

 [FIG. 17] FIG. 17 is a graph illustrating a relation 

between the motion feature quantity and the crowd density 

according to this embodiment. 

 [FIG. 18] FIG. 18 is a diagram illustrating a result of 

a crowd density determining process according to this 

embodiment. 

 [FIG. 19] FIG. 19 is a diagram for describing an effect 

when a distance between a start point and an end point of the 

motion line is used to acquire the motion feature quantity 

according to this embodiment. 

Description of Embodiments 

[0013] 

 Hereinafter, embodiments will be described with 
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reference to the drawings. 

(First embodiment) 

<Basic configuration> 

 FIG. 1 is a block diagram illustrating a basic 

configuration of a crowd monitoring system according to this 

embodiment. 

[0014] 

 As illustrated in this drawing, a crowd monitoring system 

100 according to this embodiment mainly includes an image 

acquiring unit 101, an image input unit 102, a feature quantity 

acquiring unit 103, a motion line acquiring unit 104, a motion 

feature quantity acquiring unit 105, a storage unit 106, a crowd 

density acquiring unit 107, and an output unit 109.  In this 

embodiment, the description will be given about a method in 

which a feature quantity of an object in each of a plurality 

of acquired crowd images is obtained, a motion line is obtained 

from a trace of a matched feature quantity in a plurality of 

image so as to acquire a motion feature quantity, and a density 

(hereinafter, this may be referred to as crowd density) of the 

object in the acquired image is obtained from a relation between 

the feature quantity and the density stored in advance. 

[0015] 

 Hereinafter, the respective configurations of the crowd 

monitoring system 100 according to this embodiment will be 

described.  Further, herein, the acquired image is assumed as 
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an image captured by an image acquiring device (corresponding 

to the image acquiring unit 101) such as a camera which is 

provided in a place (for example, a station) where the crowds 

are gathered. 

[0016] 

 The image acquiring unit 101 is a device which captures 

an object to acquire an image such as a monitoring camera as 

described above. 

[0017] 

 The image input unit 102 is a unit which inputs the image 

acquired by the image acquiring unit 101 into a system.  Herein, 

the image input unit 102 may directly input the image from the 

image acquiring unit 101, or may input data temporally stored 

in a storage unit (not illustrated) among the data acquired by 

the image acquiring unit 101. 

[0018] 

 The image feature quantity acquiring unit 103 is a unit 

which acquires the feature quantity of the object in the image 

input from the image input unit 102.  Herein, the details of 

a method of acquiring the feature quantity of the image will 

be described below using FIG. 2. 

[0019] 

 The motion line acquiring unit 104 tracks the object by 

relating feature points between the images which are input from 

the image acquiring unit 101 at different capturing timings to 
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obtain the motion line.  Herein, the details of a method of 

acquiring the motion line will be described below using FIG. 

8. 

[0020] 

 The motion feature quantity acquiring unit 105 performs 

a process of analyzing motion line information obtained by the 

motion line acquiring unit 104 to acquire the feature quantity 

(hereinafter, this may be referred to as a motion feature 

quantity) which is obtained from the motion.  Herein, a method 

of acquiring the motion feature quantity will be described below 

using FIG. 10. 

[0021] 

 The crowd density acquiring unit 107 performs a process 

of acquiring a density of the crowd (object) on the basis of 

information of an image feature quantity obtained by the image 

feature quantity acquiring unit 103 and the motion feature 

quantity obtained by the motion feature quantity acquiring unit 

105.  Herein, the details of a method of acquiring the crowd 

density will be described below using FIGS. 2 and 18. 

[0022] 

 Further, the image feature quantity acquiring unit 103, 

the motion line acquiring unit 104, the motion feature quantity 

acquiring unit 105, and the crowd density acquiring unit 107 

described above are collectively referred to as an arithmetic 

logic unit 108.  The arithmetic logic unit 108 also includes 
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arithmetic logic means other than the respective configurations 

described above. 

[0023] 

 The data of the information obtained from the above 

configurations is stored in the storage unit 106.  In addition, 

for example, the data may be output to the outside by the output 

unit 109.  Herein, a display device may be included in the output 

unit 109. 

[0024] 

 Next, the respective processes in the arithmetic logic 

unit 108 will be described. 

<Acquisition of image feature quantity> 

 Herein, a method of acquiring the feature quantity of an 

image will be described in a case where an edge is used as the 

feature quantity using FIG. 2.  This process is performed by 

the image feature quantity acquiring unit 103.  Herein, FIG. 

2 is a diagram for describing a technique of extracting an edge 

as the feature quantity from an image in which the crowd is 

captured as an object according to this embodiment.

[0025] 

 An edge image 202 is a result of extracting a pixel having 

a large brightness gradient from an image 201 input by the image 

input unit 102 using a member such as an edge filter (not 

illustrated).  The details of the method of extracting the edge 

are disclosed in JP 2014-110028 A. 
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<Estimation of crowd density based on image feature quantity> 

 The description will be given about a method of estimating 

a density of the crowd from the feature quantity of the image 

obtained as described above. 

[0026] 

 As illustrated in the edge image 202 in FIG. 2, the 

extracted edge represents an outline of the region occupied by 

people, so that an edge quantity also tends to increase and 

decrease according to the increase/decrease of the number of 

persons.  Then, the density of the crowd can be estimated from 

the edge quantity in a newly input image using a property that 

the edge quantity (the feature quantity) on the image is 

correlated to the crowd density. 

[0027] 

 Further, this embodiment is described about a case where 

the edge quantity is used as the feature quantity.  However, 

as another example, an area of the region of the people occupied 

in the image or the number of corners extracted from the image 

may be used as the feature quantity. 

<Acquisition of motion line> 

 Next, a method of acquiring the motion line will be 

described using FIG. 8.  This process is performed by the motion 

line acquiring unit 104.  Specifically, a process of obtaining 

an optical flow between the images having different capturing 

timings is performed continuously as time goes by so as to obtain 
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a continuous optical flow, so that the continuous optical flow 

can be acquired as the motion line.  Herein, a method of 

obtaining the optical flow is disclosed in JP 2014-182759 A. 

[0028] 

 In this embodiment, the description will be given about 

a method of obtaining the optical flow.  However, any other 

methods may be used as long as a feature of the motion of the 

crowd can be obtained. 

[0029] 

 FIG. 8 is a diagram for describing a technique of acquiring 

the motion line using the optical flow.  This drawing 

illustrates a motion line 802 obtained by tracking the feature 

point of a person 801 at a point of the latest time t (current 

time).  The motion line 802 in this drawing is a result obtained 

by tracking the feature points using the different images 

captured at four points of time in the past going back from time 

t. 

[0030] 

 A tracking point 803 illustrates a position of the person 

801 at the current time t, a tracking point 804 is a position 

of the person 801 at time t-1 before 1 hour from time t, a tracking 

point 805 is a position of the person 801 at time t-2 before 

2 hours from time t, a tracking point 806 is a position of the 

person 801 at time t-3 before 3 hours from time t, and a tracking 

point 807 is a position of the person 801 at time t-4 before 
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4 hours from time t. 

[0031] 

 At time t, the past motion line 802 is displayed by 

continuously connecting the positions at the past times as 

illustrated in FIG. 8, so that it is possible to grasp the motion 

of the person in the target crowd.  The motion line information 

obtained as described above can be stored as a table in which 

IDs of the motion lines are associated with time together with 

various identification information in the storage unit 106 as 

illustrated in FIG. 12. 

[0032] 

 Further, the motion line has been described using tracked 

one feature point with respect to the person 801 in the above 

description.  Otherwise, the motion lines can be obtained by 

detecting a number of feature points with respect to a plurality 

of persons in the crowd in the entire screen and tracking a 

plurality of feature points.  FIG. 9 illustrates an example of 

obtaining the motion lines of the plurality of persons in the 

crowd in an actual image.  Motion lines 904 and 905 on images 

901 and 902 are obtained according to the above method.  Herein, 

the image 901 of FIG. 9 is an example of acquiring the motion 

line with respect to a video of the crowd at the off-hours in 

which the motion line 904 is acquired by tracking the feature 

point on a person 903.  In addition, the image 902 is an example 

of acquiring the motion line with respect to a video of the crowd 
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in a congested situation compared to that at the off-hours of 

the image 901 in which the motion line 905 is acquired by tracking 

the feature point on the person 906. 

<Acquisition of motion feature quantity> 

 Next, the description will be given about a method of 

acquiring the motion feature quantity using the motion line 

information obtained by the above method.  This process is 

performed by the motion feature quantity acquiring unit 105.  

Herein, in FIG. 9 described above, it can be seen that the person 

903 in the crowd moves straightly in an advancing direction at 

the off-hours as the image 901 on the basis of the motion line 

904.  On the contrary, at the time of congestion as the image 

902, it can be seen that the person 906 in the crowd meanders 

around other than the advancing direction and does not move 

straightly in the advancing direction on the basis of the motion 

line 905.  In this example, it can be seen that a horizontal 

swaying in the right and left direction with respect to the 

advancing direction becomes large as the crowd density is 

increased and a walking speed is lowered. 

[0033] 

 In the motion feature quantity acquiring unit 105, the 

motion feature quantity of the horizontal swaying in the right 

and left direction is obtained by the process using the motion 

line.  Herein, a method of obtaining the motion feature quantity 

will be described using FIGS. 10, 11, and 12.  In FIG. 10, a 
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motion line 1001 is a motion line obtained by the motion of a 

person, and a start point P1 and an end point P2 of the motion 

line 1001 is connected to obtain a straight line 1002.  A value 

obtained by dividing the length of the straight line 1002 by 

the length of the motion line 1001 is set to a swaying degree 

which is the motion feature quantity of the motion line 1001, 

and used as an index indicating a magnitude of the horizontal 

swaying.  Further, while the description herein has been given 

about a case where the swaying degree is used as an example of 

the motion feature quantity, the motion feature quantity is not 

limited thereto, and other indexes may be applied. 

[0034] 

 FIG. 11 is a diagram for describing a technique of 

obtaining the motion feature quantity on the basis of the motion 

line in the congested crowd image.  The motion lines 1101 and 

1103 in the image are obtained from the crowd image according 

to the above method.  In practice, a number of motion lines are 

obtained and processed, but herein the two motion lines are 

illustrated for the sake of simplicity.  Then, straight lines 

1102 and 1104 are obtained by connecting start points P1 and 

P'1 and end points P2 and P'2 of the motion lines 1101 and 1103 

respectively.  On the right upper side of an image 1107 of FIG. 

11, there are displayed a swaying degree 1105 obtained by 

dividing the length of the motion lines 1101 and 1103 by the 

length of the corresponding straight lines 1102 and 1104 by the 
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motion feature quantity acquiring unit 105, and an edge value 

1106 which is the feature quantity obtained by the feature 

quantity acquiring unit 103. 

[0035] 

 FIG. 12 is a diagram illustrating a table which is stored 

in the storage unit 106 and lists the motion line information 

containing coordinate information of the motion line.  In the 

storage unit 106, as illustrated in this drawing, a history of 

the coordinates taken for each elapsed time of the motion line 

until the current time can be stored. 

[0036] 

 A column 1201 of the table illustrated in FIG. 12 indicates 

the motion line ID for uniquely specifying the motion line.  A 

column 1202 indicates information of time "t" at which the 

information of each row is calculated.  A column 1203 indicates 

the x coordinate of the motion line at time t, and a column 1204 

indicates the y coordinate of the motion line at time t.  A 

column 1205 indicates a distance to the coordinates at the 

previous time.  For example, the value of "distance to the 

coordinates at the previous time" stored in a row 12a of the 

column 1205 is calculated by the following equation on the basis 

of the values of the x and y coordinates stored in the columns 

1203 and 1204 of a row 1209, and the values of the x and y 

coordinates stored in the columns 1203 and 1204 of a row 1210. 

[0037] 
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 A total distance of the motion line of a column 1206 is 

a value obtained by accumulating a total distance from a start 

point of tracking the motion line.  Therefore, the value of the 

column 1205 is obtained by accumulating the distances of the 

column 1205 up to the corresponding row having the same motion 

line ID.  For example, the total distance of the motion line 

of a row 1211 is "distance to the coordinates at the previous 

time" of the column 1205 up to time t = "3" of the motion line 

of a motion line ID of "1".  Therefore, the total distance is 

"36.2" obtained by accumulating the values of the rows 1210 and 

1211 of the column 1205. 

[0038] 

 The "distance from the start point to the end point of 

the motion line" of a column 1207 is a linear distance connecting 

the coordinates of the start point of the subject motion line 

ID and the coordinates at the current time t, and corresponds 

to the length of the straight line 1002 in FIG. 10 and of the 

straight lines 1102 and 1104 in FIG. 11. 

 Xt1: x coordinate of the start point of the motion line 

 Yt1: y coordinate of the start point of the motion line 

[0039] 

 For example, the "distance from the start point to the 

end point of the motion line" of a row 1212 is "14.9" calculated 

by Expression 2 on the basis of the values of the x and y 

coordinates at which time t of a motion line ID of "1" of the 
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row 1209 is "1", and the values of the x and y coordinates of 

the row 1212. 

[0040] 

 As described in FIG. 10, the swaying degree of a column 

1208 is, for example, obtained by dividing the total length of 

the motion line 1001 by the distance between the start point 

and the end point of the motion line 1001 (that is, the length 

of the straight line 1002).  In this drawing, the swaying degree 

is obtained by dividing "total distance of the motion line" of 

the column 1206 of the same record by "distance between the start 

point and the end point of the motion line" of the column 1207. 

[0041] 

 The swaying degree for each motion line obtained as 

described above is calculated for all the motion lines in the 

image, and an average is taken, so that the crowd density can 

be obtained which is an index of the congestion degree of the 

crowd of the motion line displayed on the entire image. 

[0042] 

 Herein, the process of the motion feature quantity 

acquiring unit 105 will be described using the flowchart of FIG. 

13.  This process starts at a time point at which the coordinates 

of the motion line at the latest time t is obtained by the process 

of obtaining the motion line in time t by the motion line 

acquiring unit 104.  The following description will be given 

on the assumption that time t = 6, and the coordinates are 
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obtained and stored at time t = 6 as illustrated in FIG. 12.  

The motion feature quantity acquiring unit 105 performs a 

process of obtaining an average value of the swaying degrees 

of all the motion lines after obtaining the values of the column 

1205, the column 1206, the column 1207, and the column 1208. 

[0043] 

 In Step 1301, a variable of "sum of the swaying degrees" 

is initialized to "0.0" (S1301).  In Step 1302, a reference 

counter i of the motion line is initialized to "1" (S1302).  Next, 

in Step 1303, "distance to the coordinates at the previous time" 

of time t of a motion line i is obtained by the above Expression 

1 (S1303).  In Step 1304, "total distance of the motion line" 

of time t of the motion line i is obtained by the above method 

(S1304).  In Step 1305, "distance between the start point and 

the end point of the motion line" of time t of the motion line 

i is obtained using the above Expression 2 (S1305).  In Step 

1306, "swaying degree" of time t of the motion line i is obtained 

by dividing "total distance of the motion line" obtained in Step 

1303 as described above by "distance between the start point 

and the end point of the motion line" obtained in Step 1304 

(S1306).  In Step 1307, the swaying degree of time t of the 

motion line i in Step 1306 is added to the variable of "sum of 

the swaying degrees" of time t for counting up the swaying 

degrees of all the motion lines (S1307).  At this timing, in 

Step 1308, the counter 1 of the motion line is increased by "1" 
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(S1308).  In Step 1309, it is determined whether all the motion 

lines i are processed (S1309).  As a result, in a case where 

the process is completed, the procedure proceeds to Step 1310 

(S1310).  In a case where the process is not completed, the 

procedure returns to Step 1303, and the process for the next 

motion line is performed.  In Step 1310, "sum of the swaying 

degree" obtained by the process until Step 1309 is divided by 

the number of motion lines to obtain an average value of the 

swaying degree which is obtained from all the motion lines. 

[0044] 

 Through the process of the motion feature quantity 

acquiring unit 105, the values of rows 1214 and 1220 left blank 

in the table illustrated in FIG. 12 before the acquisition are 

obtained as illustrated in rows 1401 and 1402 in FIG. 14, and 

the value of the swaying degree 1105 obtained on the basis of 

the information of all the motion lines illustrated in FIG. 11 

is obtained as "2.08". 

[0045] 

 In addition, the above example has been described about 

a case where the swaying degree of the motion line of the crowd 

is high in a congested situation as illustrated in FIG. 11.  On 

the contrary, a case where the swaying degree of the motion line 

is low (that is, an example at the off-hours) is illustrated 

in FIGS. 15 and 16.  FIG. 15 illustrates an example of an image 

of the crowd at the off-hours, and motion lines 1501 and 1503 
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and straight lines 1502 and 1504 connecting the start points 

P1 and P'1 and the end points P2 and P'2 of the motion lines. 

[0046] 

 FIG. 16 is a diagram for describing a technique of 

obtaining the motion feature quantity on the basis of the motion 

line in the crowd image at the off-hours according to this 

embodiment.  In FIG. 16, the states of times of the motion line 

1501 obtained in FIG. 15 are listed in rows 1601 to 1606, and 

the states of times of the motion line 1503 are listed in rows 

1607 to 1612. 

[0047] 

 In the example described using FIGS. 11 and 12, the motion 

lines 1101 and 1103 are swayed from side to side, and thus the 

lengths of the motion lines 1101 and 1103 are significantly 

different from the lengths of the straight lines 1102 and 1104 

connecting the start points P1 and P'1 and the end points P2 

and P'2.  The values of the swaying degrees obtained as a result 

also become large.  With this regard, in FIG. 15, traces of the 

motion lines 1501 and 1503 become straight as they go near to 

the straight lines 1502 and 1504 connecting the start points 

P1 and P'1 and the end points P2 and P'2.  It can be seen that 

the values of the obtained swaying degrees go near to "1.0" since 

the lengths of the motion lines 1501 and 1503 are substantially 

matched to the lengths of the straight lines 1502 and 1504.  On 

the right upper side of an image 1507 of FIG. 15, a swaying degree 
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1505 obtained by dividing the length of the motion lines 1501 

and 15033 by the length of the corresponding straight lines 1502 

and 1504 by the motion feature quantity acquiring unit 105, and 

an edge value 1506 which is the feature quantity obtained by 

the image feature quantity acquiring unit 103 are displayed. 

<Acquisition of crowd density> 

 Next, the description will be given about a method of 

acquiring the crowd density using the feature quantity and the 

motion feature quantity of the image obtained by the above 

method with reference to FIG. 3.  This process is mainly 

performed by the crowd density acquiring unit 107.  Herein, FIG. 

3 is a diagram illustrating a motion process in which the crowd 

density is acquired by the crowd density acquiring unit 107 

according to this embodiment, and a basic configuration of an 

image feature quantity-crowd density relation storage unit 301 

and a motion feature quantity-crowd density relation storage 

unit 302 in the storage unit 106 is illustrated. 

[0048] 

 The crowd density acquiring unit 107 estimates the crowd 

density in Step 301 on the basis of information of a relation 

between the feature quantity and the crowd density of the image 

acquired by the above method which is stored in advance in the 

image feature quantity-crowd density relation storage unit 301 

of the storage unit 106, and a relation between the motion 

feature quantity and the crowd density acquired by the above 
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method which is stored in advance in the motion feature 

quantity-crowd density relation storage unit 302 of the storage 

unit 106 (S301), determines the estimated crowd density in Step 

302 (S302), and finally determines a value of the crowd density 

in Step 303 (S303).  Hereinafter, the information and the 

process will be described below. 

<Image feature quantity-crowd density relation> 

 FIG. 7 is a graph illustrating an image feature 

quantity-crowd density relation according to this embodiment.  

The graph 701 is obtained as a scatter map drawing a relation 

between the image feature quantity and the crowd density, in 

which the edge quantity (image feature quantity) is extracted 

from a number of crowd images (monitoring target) captured by 

a device such as a monitoring camera according to the above 

method, and the crowd density is obtained from each image.  

Herein, the crowd density is obtained by manually counting the 

number of persons in each image and then by simply dividing the 

number by an area in an experiment. 

[0049] 

 As can be seen from this drawing, the feature quantity 

of the image is highly correlated to the crowd density in a region 

702 where the crowd density is low, and the feature quantity 

is saturated in a region 703 where the crowd density is high, 

so that the crowd density is not possible to be estimated well. 

[0050] 
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 Such a phenomenon will be described using FIGS. 5 and 6.  

FIG. 5 is a diagram illustrating an example of a captured crowd 

image according to this embodiment.  Images 501 and 502 are 

images captured at the same angle of view but at different times.  

Comparing these both images, it can be seen that the image 502 

is congested more than the image 501.  Edge images 503 and 504 

are images of which the edges are extracted from the images 501 

and 502. 

[0051] 

 FIG. 6 illustrates values of the image feature quantity 

and the crowd density of the images 501 and 502 according to 

this embodiment.  Herein, the feature quantity is the number 

of pixels of the extracted edge.  The columns 601 and 602 of 

FIG. 6 illustrate information of the images 501 and 502.  A row 

604 indicates the feature quantity of the image, and a row 605 

indicates the crowd density this is the number of persons per 

unit area.  Herein, comparing the feature quantities of the 

images 501 and 502, the image 501 has a feature quantity of "3939", 

and the image 52 has a feature quantity of "4364".  An increasing 

rate of the feature quantity calculated by the following 

equation is 10.8% as denoted in a row 603. 

 Increasing rate of feature quantity (%) = ((Feature 

quantity of image 502 - Feature quantity of image 501)/ Feature 

quantity of image 502)*100     [Expression 3] 

 With this regard, comparing the crowd densities in the 
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images 501 and 502, the image 501 has "5" persons, and the image 

502 has "9" persons.  An increasing rate of the number of persons 

calculated by the following equation is 80.0% as denoted in the 

row 603. 

 Increasing rate of persons (%) = ((Number of persons in 

image 502 - Number of persons in image 501)// Number of persons 

in image 502)*100   [Expression 4] 

 In this way, in a case where a large degree of persons 

is overlapped in the image and the congestion is highly dense 

so that only part of the body can be seen, the variation of the 

feature quantity also becomes small.  Therefore, it is 

difficult to secure an accuracy in estimation of the number of 

persons. 

<Estimation of first crowd density> 

 Such a situation described above is reflected to obtain 

a regression formula 704 in FIG. 7 on the basis of a distribution 

of the image feature quantity and the crowd density.  The 

regression formula 704 is stored in advance as reference data 

of a relation between the image feature quantity and the crowd 

density.  It is possible to obtain an estimation value of a first 

crowd density by the image feature quantity obtained from an 

actual image on the basis of the relation. 

[0052] 

 A method of determining the first crowd density will be 

described using FIGS. 11 and 15.  In the image of FIG. 11, since 
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the number of edges 1106 (image feature quantity) obtained by 

the image feature quantity acquiring unit 103 is "148506", the 

regression formula 704 is read out from the image feature 

quantity-crowd density relation illustrated in the graph of FIG. 

7 which is the reference data stored in advance as described 

above, and "148506" is substituted into an image feature 

quantity x to obtain a crowd density of "2.38".  Similarly, in 

the image of FIG. 15, since the number of edges 1506 (image 

feature quantity) obtained by the image feature quantity 

acquiring unit 103 is "50223", the regression formula 704 is 

read out from the image feature quantity-crowd density relation 

illustrated in the graph of FIG. 7 which is the reference data 

stored in advance as described above, and "50223" is substituted 

into the image feature quantity x to obtain a crowd density of 

"0.34". 

[0053] 

 A result of the image feature quantity obtained as 

described above is illustrated in a row 401 of FIG. 4. 

<Motion feature quantity-crowd density relation> 

 FIG. 17 is a graph illustrating a motion feature 

quantity-crowd density relation according to this embodiment.  

The graph is obtained as a scatter map drawing a relation between 

the image feature quantity and the crowd density, in which the 

swaying degree (motion feature quantity) is extracted from a 

number of crowd images (monitoring target) captured by a device 
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such as a monitoring camera according to the above method, and 

the crowd density is obtained from each image.  Herein, the 

crowd density is obtained by manually counting the number of 

persons in each image and then by simply dividing the number 

by an area in an experiment. 

[0054] 

 As can be seen from this drawing, the motion feature 

quantity is saturated in a region 1703 where the crowd density 

is low, so that the crowd density is not possible to be estimated 

well.  When the crowd density is decreased and a degree of free 

moving is increased, the right and left movement at the time 

of congestion becomes small.  On the other hand, it can be seen 

that the motion feature quantity and the crowd density have a 

high correlation therebetween in a region 1702 where the crowd 

density is high.  This fact is also consistent with the 

correlation between a degree of the horizontal swaying and the 

object disclosed in NPL 1, and the correlation between the speed 

of the object and the crowd density.  Herein, the "magnitude 

of the horizontal swaying" and the "speed" have a linear 

relation such that the "magnitude of the horizontal swaying" 

is decreased as the "speed" is increased.  In addition, the 

"speed" and the "crowd density" have a relation such that the 

"crowd density" is increased to form a smooth curve as the 

"speed" is decreased. 

<Estimation of second crowd density> 
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 Such a situation described above is reflected to obtain 

a regression formula 1704 in FIG. 17 on the basis of a 

distribution of the motion feature quantity and the crowd 

density.  The regression formula 1704 is stored in advance as 

reference data of a relation between the motion feature quantity 

and the crowd density.  It is possible to obtain an estimation 

value of a second crowd density by the motion feature quantity 

obtained from an actual image on the basis of the relation. 

[0055] 

 A method of determining the second crowd density will be 

described using FIGS. 11 and 15.  In the image of FIG. 11, since 

the swaying degree 1105 (motion feature quantity) obtained by 

the motion feature quantity acquiring unit 105 is "2.08", the 

regression formula 1704 is read out from the motion feature 

quantity-crowd density relation illustrated in the graph of FIG. 

17 which is the reference data stored in advance as described 

above, and "2.08" is substituted into an motion feature quantity 

x to obtain a crowd density of "3.38".  Similarly, in the image 

of FIG. 15, since the swaying degree 1505 (motion feature 

quantity) obtained by the motion feature quantity acquiring 

unit 105 is "1.05", the regression formula 1704 is read out from 

the motion feature quantity-crowd density relation illustrated 

in the graph of FIG. 17 which is the reference data stored in 

advance as described above, and "1.05" is substituted into the 

motion feature quantity x to obtain a crowd density of "2.63". 
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[0056] 

 A result of the motion feature quantity obtained as 

described above is illustrated in a row 402 of FIG. 18. 

<Determination on crowd density> 

 As described above, the estimation value of the first 

crowd density is obtained from the image feature quantity-crowd 

density relation, and the estimation value of the second crowd 

density is obtained from the motion feature quantity-crowd 

density relation.  Herein, as described using FIGS. 7 and 17, 

the crowd density is hard to uniquely obtained on the basis of 

individual relation because there are a region indicating a high 

correlation between the image feature quantity and the motion 

feature quantity and, on the contrary, a region which is hard 

to make an estimation. 

[0057] 

 Therefore, in this embodiment, in a case where the crowd 

density is lower than a certain threshold with respect to two 

kinds of feature quantities of the image feature quantity and 

the motion feature quantity, it is determined that the crowd 

density is set using the image feature quantity.  In a case where 

the crowd density is equal to or more than the threshold, it 

is determined that the crowd density is set using the motion 

feature quantity.  In this way, the crowd density is 

comprehensively determined on the basis of two kinds of crowd 

densities, so that it is possible to obtain a highly reliable 
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result regardless of the magnitude of the crowd (object). 

[0058] 

 A method of determining the crowd density will be 

described using FIGS. 11 and 15.  In the image of FIG. 11, an 

edge feature quantity 1106 obtained in the process of the image 

feature quantity acquiring unit 103 is "148506", and the swaying 

degree 1105 (motion feature quantity) acquired by the motion 

feature quantity acquiring unit 105 is "2.08".  In the image 

of FIG. 15, an edge feature quantity 1506 obtained in the process 

of the image feature quantity acquiring unit 103 is "50223", 

and the swaying degree 1505 (motion feature quantity) acquired 

by the motion feature quantity acquiring unit 105 is "1.05". 

[0059] 

 Then, the crowd density obtained from the image feature 

quantity is employed in a region where the crowd density is low, 

and the crowd density obtained from the motion feature quantity 

is employed in a region where the crowd density is high. 

[0060] 

 Specifically, a threshold is set in advance, and in a case 

where the calculated density is equal to or less than the 

threshold, the crowd density obtained from the image feature 

quantity is employed.  In a case where the calculated density 

is larger than the threshold, the crowd density obtained from 

the motion feature quantity is employed. 

[0061] 
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 For example, when the threshold is set to a density of 

"2.0", the crowd density obtained from the image feature 

quantity of the image 1107 illustrated in a row 403 is "2.38" 

as illustrated in FIG. 18.  Since the crowd density is larger 

than the threshold of 2.0, a density of "3.38" obtained from 

the motion feature quantity illustrated in the row 402 is 

employed.  In addition, the crowd density obtained from the 

image feature quantity of the image 1507 illustrated in a row 

404 is "0.34".  Since the threshold is equal to or less than 

the threshold of 2.0, a crowd density of "0.34" obtained from 

the image feature quantity illustrated in the row 401 is 

employed.  The crowd density obtained as a result of a crowd 

density determining process is illustrated in a row 1801 of FIG. 

18.  Herein, the threshold used to determine whether the crowd 

density of a region is low or high can be properly adjusted. 

[0062] 

 Further, in the above description, the image feature 

quantity and the motion feature quantity are obtained, and then 

one of the estimation value of the first crowd density and the 

estimation value of the second crowd density is determined to 

be employed for the crowd density by the crowd density acquiring 

unit 107.  After the image feature quantity is acquired and 

before the motion feature quantity is acquired by the image 

feature quantity acquiring unit 103, the crowd density may be 

obtained from the image feature quantity.  With such a 
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configuration, in a case where the crowd density obtained from 

the image feature quantity is equal to or less that the threshold, 

the crowd density obtained by the image feature quantity is 

employed.  Therefore, the processes of the motion line 

acquiring unit 104 and the motion feature quantity acquiring 

unit 105 may be skipped.  In this case, a throughput of the 

processes may be improved. 

[0063] 

 In addition, in the above process of determining the crowd 

density, the crowd density to be employed may be obtained by 

a weight average of two kinds of crowd densities in a 

predetermined range before and after the threshold not by 

switching any one of the crowd densities of the rows 401 and 

402 of FIG. 18 on the basis of the threshold.  The weight 

depending on the image feature quantity is set to be slightly 

decreased at the boundary of the threshold, and the weight 

depending on the motion feature quantity is set to be slightly 

increased, so that it is possible to prevent that a value caused 

the switching at the threshold steeply varies. 

[0064] 

 The crowd density can be estimated with high accuracy even 

in a congestion situation from the calculation result by using 

the image feature quantity together with the motion feature 

quantity obtained using the motion line obtained as a result 

of tracking a plurality of continuous images. 
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[0065] 

 The acquired crowd density is output on a video in an 

overlapping manner as a numerical value.  In addition, a chart 

for dividing the crowd density using colors at every level is 

created in advance, and the crowd density may be displayed on 

the video in different color according to the obtained value 

of the crowd density. 

[0066] 

 In addition, the above example is given on an assumption 

that the entire screen is a processing region, but a part of 

the region in the screen is set in advance and then the crowd 

density may be obtained for each region. 

[0067] 

 Further, a threshold of the crowd density for warning is 

set in advance, and in a case where the acquired crowd density 

exceeds the threshold, a warning may be issued. 

(Second embodiment) 

 In a second embodiment, a distance between the start point 

P1 and the end point P2 of the motion line 1001 illustrated in 

the straight line 1002 of FIG. 10 may be used as the motion 

feature quantity obtained by the motion feature quantity 

acquiring unit 105 of FIG. 1.  With the use of the distance, 

the crowd density can be estimated even in a case where the target 

crowd moves in a direction perpendicular to the optical axis 

of a camera. 
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[0068] 

 When the motion feature quantity is acquired, an effect 

of using the distance between the start point and the end point 

of the motion line will be described using FIG. 19.

[0069] 

 An image 1901 of FIG. 19 is an image obtained by capturing 

persons 1905 and 1906 who move in a direction equal to the optical 

axis of the camera.  The movement direction of the persons 1905 

and 1906 in the image 1901 is illustrated by an arrow 1903.  

Motion lines 1909 and 1900b, and the distances 1909a and 1909c 

between the start points P1 and P'1 and the end points P2 and 

P'2 of the motion lines 1909 and 1900b are obtained by the motion 

line acquiring unit 104 according to this embodiment and 

displayed on the image 1901. 

[0070] 

 An image 1902 of FIG. 19 is an image of persons 1907 and 

1908 which are the same target as that of the image 1901 and 

captured from a direction perpendicular to the optical axis of 

the camera.  A direction of the movements of the persons 1907 

and 1908 in the image 1902 is indicated by an arrow 1904.  The 

person 1907 in the image 1902 is the same person as the person 

1905 in the image 1901 when captured from another direction.  

The person 1908 in the image 1902 is the same person as the person 

1906 in the image 1901 when captured from another direction.  

Similarly, a trace 1900d in the image 1902 is a trace 1909 in 
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the image 1901, and a distance 1900e between a start point P"1 

and an end point P"2 is a distance 1900a between the start point 

P1 and the end point P2 of the image 1901.  Similarly, a trace 

1900f in the image 1902 is a trace 1900b in the image 1901, and 

a distance 1900g between the start point P''1 and the end point 

P''2 is a distance 1900c between the start point P'1 and the 

end point P'2 of the image 1901. 

[0071] 

 Further, for the convenience of explanation, the same 

object in the same congested situation has been described by 

comparing two images having different directions, and the 

person 1905 (1907) and the person 1906 (1908) may be applied 

even in a case where the target is in a crowd having different 

congestion degree. 

[0072] 

 In the image 1901, the persons move in the same direction 

as that of the optical axis of the camera, so that the movements 

in the horizontal direction as illustrated by the motion lines 

1909 and 1900b are obtained.  As a result, the value of the 

swaying degree obtained from the motion line 1909 is large 

(length of the motion line 1909 ÷ distance of the straight line 

1900a), and the value of the swaying degree obtained from the 

motion line 1900b is small (length of the motion line 1900b ÷

distance of the straight line 1900c), so that it is calculated 

such that the crowd density of the person 1905 is high, and the 
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crowd density of the person 1906 is low. 

[0073] 

 On the contrary, in a case where the person moves in a 

direction perpendicular to the optical axis of the camera as 

illustrated in the image 1902, especially, in a case where an 

angle of depression of the camera is small, a resolution in the 

vertical direction in the screen becomes low.  Therefore, the 

right and left movement of the horizontal swaying may be not 

clearly obtained as illustrated in the motion line 1900d.  As 

a result, the value of the swaying degree obtained from the 

motion line 1900d (length of the motion line 1900d ÷ distance 

of the straight line 1900e) and the value of the swaying degree 

obtained from the motion line 1900f (length of the motion line 

1900f ÷ distance of the straight line 1900g) are low.  Similarly, 

the crowd densities of the persons 1907 and 1908 are low, and 

as a result there is no difference. 

[0074] 

 On the contrary, it can be seen that the distance 1900a 

between the start point P1 and the end point P2 in FIG. 19 is 

short, and the distance 1900c is long.  These distances can be 

used as distances along the actual advancing direction 

regardless of the horizontal swaying in the right and left 

direction.  In addition, these values can be used as equivalents 

to "speed" indicating a moving distance per unit time by setting 

the number of images for obtaining the distance between the 
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start point and the end point constant. 

[0075] 

 As well known in the graph in NPL 1, the speed and the 

density are correlated, so that the feature quantity can be used 

as a feature quantity to obtain the crowd density.  In this way, 

the feature of the distance between the start point and the end 

point of the motion line can be similarly applied even in a case 

where the movement is in a direction perpendicular to the 

optical axis as illustrated in the image 1902.  In other words, 

it is possible to extract a difference such that the distance 

1900e is short, and the distance 1900g is long.  Therefore, the 

distance can be used as the motion feature quantity similarly 

to the swaying degree. 

[0076] 

 When the distance between the start point and the end point 

of the motion line is obtained, the visual distances caused by 

the resolution between the front and rear sides of the screen 

are different.  Therefore, a depth correction coefficient is 

obtained through calibration using parameters of the camera, 

and the visual distances on the front and rear sides are 

normalized using the depth correction coefficient, so that the 

distances can be uniformly processed. 

[0077] 

 According to the second embodiment, even in a case where 

the accuracy is degraded by the movement in a direction 
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perpendicular to the optical axis of the camera, it is possible 

to secure the accuracy in estimation of the crowd density.  It 

is possible to obtain a movement distance in the advancing 

direction without influence of the horizontal swaying by taking 

the distance between the start point and the end point after 

tracking the movement for several continuous times in place of 

the optical flow between two times. 

[0078] 

 In addition, the above example uses any one of the swaying 

degree and the distance between the start point and the end point 

as the motion feature quantity, but both indexes may be used. 

Reference Signs List 

[0079] 

110  crowd monitoring system 

101  image acquiring unit 

102  image input unit 

103  image feature quantity acquiring unit 

104  motion line acquiring unit 

105  motion feature quantity acquiring unit 

106  storage unit 

107  crowd density acquiring unit 

108  arithmetic logic unit 

109  output unit 

201, 501, 502, 901, 902, 1107, 1507, 1901, 1902  image 

202, 503, 504  edge image 
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301  image feature quantity-crowd density relation storage 

unit 

302  motion feature quantity-crowd density relation storage 

unit 

401, 402, 601, 602, 603, 1201, 1202, 1203, 1204, 1205, 1206, 

1207, 1208, 1801  column 

403, 404, 604, 605, 1209, 1210, 1211, 1212, 1213, 1214, 1215, 

1216, 1217, 1218, 1219, 1220, 1401, 1402, 1601, 1602, 1603, 1604, 

1605, 1606, 1607, 1608, 1609, 1610, 1611, 1612  row

701, 1701  graph 

702, 1703  region having low crowd density 

703, 1702  region having high crowd density 

704, 1704  regression formula 

801, 903, 906, 1905, 1906, 1907, 1908  person 

802, 904, 905, 1001, 1101, 1103, 1501, 1503, 1909, 1900b, 1900d, 

1900f  motion line 

803, 804, 805, 806, 807  time 

1002, 1102, 1104, 1502, 1504, 1900a, 1900c, 1900e, 1900g  

straight line 

1105, 1505  swaying degree 

1106, 1506  edge 

1903, 1904  movement direction 
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CLAIMS 

[Claim 1] 

 A crowd monitoring system that obtains a density of an 

object on the basis of image information, comprising: 

 an image acquiring unit that acquires a plurality of 

images; 

 an image feature quantity acquiring unit that obtains an 

image feature quantity of the object in the acquired image; 

 a motion line acquiring unit that obtains a motion line 

of the object in the acquired image; 

 a motion feature quantity acquiring unit that obtains a 

motion feature quantity of the object on the basis of the 

obtained motion line; 

 a storage unit that stores information of a relation 

between the image feature quantity and the density of the object 

acquired in advance, and a relation between the motion feature 

quantity and the density of the object acquired in advance; and 

 a density acquiring unit that determines the density of 

the object, 

 wherein the density acquiring unit obtains 

 a first density estimation value of the object on the basis 

of the obtained image feature quantity and a relation between 

the stored image feature quantity and the density of the object, 

and 

 a second density estimation value of the object on the 
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basis of the obtained motion feature quantity and a relation 

between the stored motion feature quantity and the density of 

the object. 

[Claim 2] 

 The crowd monitoring system according to claim 1, 

 wherein the image feature quantity is an edge quantity 

in the image. 

[Claim 3] 

 The crowd monitoring system according to claim 1, 

 wherein the motion feature quantity is a magnitude of a 

horizontal swaying with respect to an advancing direction of 

the object obtained from the plurality of acquired images. 

[Claim 4] 

 The crowd monitoring system according to claim 3, 

 wherein the motion feature quantity acquiring unit 

obtains the motion feature quantity on the basis of a value 

obtained by dividing a length of the obtained motion line by 

a distance between a start point and an end point of the motion 

line. 

[Claim 5] 

 The crowd monitoring system according to claim 1, 

 wherein the motion feature quantity is a distance between 

a start point and an end point of the motion line. 

[Claim 6] 

 The crowd monitoring system according to claim 1, 



�

43 

�

 wherein the motion line acquiring unit obtains a feature 

point with respect to an object in the entire monitoring region 

in the acquired image, and acquires the motion line by tracking 

the obtained feature point. 

[Claim 7] 

 The crowd monitoring system according to claim 6, 

 wherein the motion line acquiring unit obtains feature 

points with respect to a plurality of objects in the entire 

monitoring region in the acquired image, and acquires a 

plurality of the motion lines by tracking the plurality of 

obtained feature points. 

[Claim 8] 

 The crowd monitoring system according to claim 7, 

 wherein the motion feature quantity acquiring unit sends 

an average value of the motion feature quantities acquired on 

the basis of the plurality of obtained motion lines to the 

density acquiring unit. 

[Claim 9] 

 The crowd monitoring system according to claim 1, 

 wherein the density acquiring unit employs any one of the 

first density estimation value and the second density 

estimation value on the basis of the obtained first density 

estimation value, the obtained second density estimation value, 

and a predetermined threshold. 

[Claim 10] 
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 The crowd monitoring system according to claim 9, 

 wherein the density acquiring unit employs the first 

density estimation value in a case where the obtained first 

density estimation value is smaller than the predetermined 

threshold. 

[Claim 11] 

 The crowd monitoring system according to claim 9, 

 wherein the density acquiring unit employs the second 

density estimation value in a case where the obtained first 

density estimation value is larger than the predetermined 

threshold. 

[Claim 12] 

 The crowd monitoring system according to claim 9, 

 wherein the density acquiring unit employs the first 

density estimation value in a case where the obtained first 

density estimation value is smaller than the predetermined 

threshold, and does not obtain the second density estimation 

value. 


