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INFORMATION PROCESSING APPARATTUS,
CONTROL METHOD, AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of U.S. patent application Ser. No. 17/742,607 filed on
May 12, 2022, which is a continuation application of U.S.
patent application Ser. No. 16/444,417 filed on Jun. 18,
2019, which is issued as U.S. Pat. No. 11,361,452, which is
a continuation application of U.S. patent application Ser. No.
16/085,851 filed on Sep. 17, 2018, which is issued as U.S.
Pat. No. which is a National Stage Entry of international
application PCT/JP2017/002711 filed on Jan. 26, 2017,
which claims the benefit of priority from Japanese Patent
Application 2016-055171 filed on Mar. 18, 2016, the dis-
closures of all of which are incorporated in their entirety by
reference herein.

TECHNICAL FIELD

[0002] The present invention relates to video surveillance.
BACKGROUND ART
[0003] Technologies for analyzing a video of a surveil-

lance camera have been developed. For example, Patent
Document 1 discloses a technique for surveilling the con-
gestion degree and the like in a certain space by recognizing
the number, density, average velocity, and average motion
vector of people and the like in a crowd using a video of a
surveillance camera.

RELATED DOCUMENT

Patent Document

[0004] [Patent Document 1] Japanese Patent Application
Publication No. 2003-348569

[0005] [Patent Document 2] International Publication No.
2014/207991
[0006] [Patent Document 3] Japanese Unexamined Patent

Application Publication (Translation of PCT Application)
No. 2014-517371

SUMMARY OF THE INVENTION

Technical Problem

[0007] In the technique of Patent Document 1, a crowd is
handled as a collection of the same things without distin-
guishing people included in the crowd from each other.
Thus, it is impossible to grasp what kind of people are
included in the crowd using the technique of Patent Docu-
ment 1. In addition, the technique of Patent Document 1 is
a technique for detecting a person or a thing (or a collection
of people or things) by individually separating the person or
the thing. Thus, in a state of a crowd where people cannot
be individually separated from each other easily due to a
large number of people, it is difficult to correctly determine
the number of people or the like.

[0008] Patent Document 2 discloses a method of recog-
nizing a crowd as a mass without separating each person in
the crowd of people. When this method is used, the number
or density of people can be estimated in a state where people
overlap each other. However, as in Patent Document 1, since

Dec. 7, 2023

the crowd is treated as a mass of the same things, it is
impossible to grasp what kind of people are included in the
crowd.

[0009] On the other hand, Patent Document 3 discloses a
method of selecting an advertisement to be provided to a
person by estimating attribute information such as the age,
the sex, and the like of the person. In the technique of Patent
Document 3, merely a part of a person such as a face is
recognized. Thus, the position of the person cannot be
accurately acquired. In addition, the flow of a crowd cannot
be calculated in the technique of Patent Document 3. Thus,
while the attributes of a person present in a location where
an advertisement is provided can be determined, it is impos-
sible to estimate what kind of people are present in other
locations.

[0010] The invention is conceived in view of the above
problems. An object of the invention is to provide a tech-
nique for grasping the distribution of an attribute of objects
in detail.

Solution to Problem

[0011] An information processing apparatus of the inven-
tion includes (1) a first analyzing unit that calculates a flow
of a collection of objects in a capturing range of a fixed
camera using a first surveillance image, the first surveillance
image being generated by the fixed camera, the fixed camera
being a camera a position of which is fixed, (2) a second
analyzing unit that calculates a distribution of an attribute of
objects in a capturing range of a moving camera using a
second surveillance image, the second surveillance image
being generated by the moving camera, the moving camera
being a camera a position of which is not fixed, and (3) an
estimating unit that estimates the distribution of the attribute
of the objects for an estimation range including a range not
included in the capturing range of the moving camera based
on the distribution of the attribute of the objects in the
capturing range of the moving camera and the flow of the
collection of objects in the capturing range of the fixed
camera.

[0012] A control method of the invention is executed by a
computer. The control method includes (1) a first analyzing
step of calculating a flow of a collection of objects in a
capturing range of a fixed camera using a first surveillance
image, the first surveillance image being generated by the
fixed camera, the fixed camera being a camera a position of
which is fixed, (2) a second analyzing step of calculating a
distribution of an attribute of objects in a capturing range of
a moving camera using a second surveillance image, the
second surveillance image being generated by the moving
camera, the moving camera being a camera a position of
which is not fixed, and (3) an estimating step of estimating
the distribution of the attribute of the objects for an estima-
tion range including a range not included in the capturing
range of the moving camera based on the distribution of the
attribute of the objects in the capturing range of the moving
camera and the flow of the collection of objects in the
capturing range of the fixed camera.

[0013] A program of the invention causes a computer to
execute each step of the control method of the invention.

Advantageous Effects of Invention

[0014] According to the invention, a technique for grasp-
ing a distribution of an attribute of objects in detail is
provided.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above object and other objects, features, and
advantages will become more apparent from the following
exemplary embodiments and the attached drawings.

[0016] FIG. 1 is a block diagram illustrating an informa-
tion processing apparatus according to Example Embodi-
ment 1.

[0017] FIG. 2 is a diagram schematically illustrating the
operation of a fixed camera and a moving camera.

[0018] FIG. 3 is a diagram schematically illustrating esti-
mation performed by an estimating unit.

[0019] FIG. 4 is a diagram illustrating a computer for
implementing the information processing apparatus.

[0020] FIG. 5 is a flowchart illustrating the flow of a
process executed by the information processing apparatus of
Example Embodiment 1.

[0021] FIG. 6 is a diagram illustrating an optical flow
calculated for a first surveillance image.

[0022] FIG. 7 is a diagram illustrating a change in the
position of an object.

[0023] FIGS. 8A and 8B are diagrams illustrating a scene
in which an attribute distribution in an estimation range is
estimated by moving an attribute distribution in a capturing
range of the moving camera.

[0024] FIGS. 9A and 9B are diagrams illustrating a scene
in which an attribute distribution in an estimation range is
estimated by moving an attribute distribution in a capturing
range of the moving camera.

[0025] FIGS. 10A and 10B are diagrams illustrating a
scene in which the movement direction of the moving
camera is estimated using map information.

[0026] FIGS. 11A and 11B are diagrams illustrating a
scene in which an attribute distribution is estimated for an
estimation range having a predetermined shape and area.
[0027] FIGS. 12A and 12B are diagrams illustrating a
scene in which an attribute distribution is estimated for an
estimation range having the same shape and area as a
capturing range of the fixed camera.

[0028] FIG. 13 is a diagram illustrating a scene in which
a crowd disperses as time elapses.

[0029] FIGS. 14A and 14B are diagrams illustrating a
scene in which a plurality of flows of crowds are present.
[0030] FIG. 15 is a diagram illustrating a scene in which
a plurality of moving cameras are present.

[0031] FIGS. 16A-16C are diagrams illustrating a rela-
tionship between a time at which data is generated, and a
time at which an attribute distribution is generated.

[0032] FIGS. 17A and 17B are diagrams illustrating a
method of estimating an attribute distribution related to a
certain time using data that is generated after the time.
[0033] FIG. 18 is a diagram illustrating a map that is
displayed on a display device.

[0034] FIG. 19 is a diagram illustrating the map on which
an estimated attribute distribution is superimposed.

[0035] FIG. 20 is a block diagram illustrating an informa-
tion processing apparatus according to Example Embodi-
ment 2.

[0036] FIGS. 21A to 21C are diagrams illustrating a scene
in which a crowd that is included in a capturing range of a
moving camera is divided into a plurality of crowds having
different attribute values.

[0037] FIG. 22 is a block diagram illustrating an informa-
tion processing apparatus according to Example Embodi-
ment 3.
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DESCRIPTION OF EMBODIMENTS

[0038] Hereinafter, example embodiments of the inven-
tion will be described using the drawings. The same con-
stituents will be designated by the same reference signs in all
of the drawings, and descriptions of such constituents will
not be repeated.

Example Embodiment 1

[0039] FIG. 1 is a block diagram illustrating an informa-
tion processing apparatus 2000 according to Example
Embodiment 1. In FIG. 1, each block represents a configu-
ration of a function unit and not a configuration of a
hardware unit.

[0040] The information processing apparatus 2000 uses
two types of surveillance images including a surveillance
image generated by a fixed camera and a surveillance image
generated by a moving camera. The fixed camera is a camera
the position of which is fixed. For example, the fixed camera
is a surveillance camera that is fixedly installed at various
locations such as a wall, a post, or a ceiling. Note that the
location where the fixed camera is installed may be an
indoor location or an outdoor location. The wall or the like
to which the fixed camera is attached is enough to be fixed
for a certain period, and it is not limited to an immovable
thing. For example, the wall or the like where the fixed
camera is installed may be a partition, a post, or the like that
is temporarily installed in an event venue and the like.
Alternatively, a moving object equipped with a camera that
can be used as the moving camera, described later, may be
caused to stop at a certain location, and the camera may be
used as the fixed camera. The moving object is, for example,
a vehicle, a motorcycle, a robot, or a flying object (for
example, a drone and an airship).

[0041] The moving camera is a camera the position of
which is moved. For example, the moving camera is
attached to the body of a person or attached to the moving
object and the like. The moving camera that is attached to
the body of a person is, for example, a camera that is held
by a hand (a video camera and a camera of a portable
terminal such as a smartphone), or a camera that is fixed to
a head, a chest, or the like (a body-worn camera and the
like). The camera that is attached to a vehicle, a motorcycle,
a robot, a flying object, or the like may be a camera that is
attached to be used as a so-called drive recorder, or may be
a camera that is separately attached for video surveillance.
[0042] Both of the moving camera and the fixed camera
capture the location of a surveillance target as a video. The
location of the surveillance target is not limited. For
example, the location of the surveillance target is a path
between an event venue and its closest station. Note that the
location of the surveillance target may be an indoor location
or an outdoor location.

[0043] FIG. 2 is a diagram schematically illustrating the
operation of the fixed camera and the moving camera. A
fixed camera 10 generates a first surveillance image 12 by
capturing a collection of objects (crowd). Each object may
be a person or a thing other than a person (for example, a
vehicle, a motorcycle, and an animal). A moving camera 20
generates a second surveillance image 22 by capturing a
crowd.

[0044] The capturing ranges of the fixed camera 10 and
the moving camera 20 may overlap each other or may not
overlap each other. The crowd captured by the fixed camera
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10 and the crowd captured by the moving camera 20 may
have a common part or may not have a common part.
[0045] The number of fixed cameras 10 may be one or
more than one. The number of moving cameras 20 may be
one or more than one. In addition, the number of fixed
cameras 10 may be the same as or different from the number
of moving cameras 20.

[0046] The information processing apparatus 2000 has a
first analyzing unit 2020, a second analyzing unit 2040, and
an estimating unit 2060. The first analyzing unit 2020
calculates the flow of the crowd in the capturing range of the
fixed camera 10 using the first surveillance image 12.
[0047] The second analyzing unit 2040 calculates the
distribution of an attribute of each object in the capturing
range of the moving camera 20 using the second surveil-
lance image 22. The attribute of each object is a feature of
each object. For example, in a case where each object is a
person, an age bracket is one example of the attribute.
[0048] The distribution of the attribute of the objects in a
certain range represents “the degree to which objects having
a certain attribute is included in the range”. For example,
assume that each object is a person, and the attribute is an
age bracket. In this case, the attribute of the objects is, for
example, “the ratio of children to adults included in the
capturing range of the moving camera 20”. Hereinafter, the
distribution of the attribute of the objects will be referred to
as an “attribute distribution”.

[0049] The estimating unit 2060 estimates the attribute
distribution for a range that is not included in the capturing
range of the moving camera 20. Hereinafter, the range in
which the estimating unit 2060 estimates the attribute dis-
tribution will be referred to as an estimation range. Note that
it is sufficient for the estimation range to include a range that
is not included in the capturing range of the moving camera
20, and may also include a range included in the capturing
range of the moving camera 20.

[0050] FIG. 3 is a diagram schematically illustrating esti-
mation performed by the estimating unit 2060. In FIG. 3, a
crowd is included in both the capturing range of the fixed
camera 10 and the capturing range of the moving camera 20.
In addition, in FIG. 3, the capturing range of the fixed
camera 10 is wider than the capturing range of the moving
camera 20.

[0051] The first analyzing unit 2020 calculates the flow of
the crowd using the first surveillance image 12 in which the
crowd in a capturing range 14 of the fixed camera 10 is
captured. Consequently, the first analyzing unit 2020 deter-
mines a fact that the crowd moves in the rightward direction.

[0052] The second analyzing unit 2040 calculates the
attribute distribution in the crowd using the second surveil-
lance image 22 in which the crowd in a capturing range 24
of the moving camera 20 is captured. Assume that the
second analyzing unit 2040 calculates the attribute distribu-
tion as the “ratio of adults to children=3:2" for the capturing
range 24.

[0053] From the fact that the crowd in the capturing range
14 of the fixed camera 10 is moving in the rightward
direction, and that the attribute distribution in the capturing
range 24 of the moving camera 20 is the “ratio of adults to
children=3:2", the estimating unit 2060 predicts that the
attribute distribution as the “ratio of adults to children=3:2”
will move in the rightward direction. Therefore, the esti-
mating unit 2060 estimates the attribute distribution to be the
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“ratio of adults to children=3:2" for an estimation range 60
that is on the right side from the capturing range 24 of the
moving camera 20.

[0054] Note that the above example is an example for
facilitating understanding of the operation of the information
processing apparatus 2000 and is not intended to limit the
operation of the information processing apparatus 2000. The
operation of the information processing apparatus 2000 will
be described in detail later.

[0055] <Advantageous Effect>

[0056] The information processing apparatus 2000 calcu-
lates the flow of the crowd using the first surveillance image
12 generated by the fixed camera 10. On the other hand, the
information processing apparatus 2000 calculates the attri-
bute distribution of the objects included in the crowd using
the second surveillance image 22 generated by the moving
camera 20. The information processing apparatus 2000
estimates the attribute distribution for a range not included
in the capturing range of the moving camera 20 based on the
flow of the crowd calculated using the first surveillance
image 12 and the attribute distribution calculated using the
second surveillance image 22. By doing so, the attribute
distribution can be grasped for a wide range that cannot be
covered by the moving camera 20. Consequently, the dis-
tribution of the attribute of the objects in a surveillance
location can be grasped in detail.

[0057] Since the fixed camera 10 captures a large number
of objects by capturing a wide range, the first surveillance
image 12 is suitable for the purpose of calculating the flow
of the whole crowd. In addition, since the angle of view of
the fixed camera 10 is fixed, the position of the crowd can
be accurately calculated using the first surveillance image
12. From this reason, the first surveillance image 12 is
suitable for the purpose of calculating the flow of the whole
crowd.

[0058] On the other hand, since the moving camera 20 that
is worn by a security guard and the like can capture the
objects at a short distance, each object is captured at a large
size in the second surveillance image 22. Thus, the second
surveillance image 22 is suitable for the purpose of calcu-
lating the feature (attribute) of the individual objects. In
addition, since the position and direction of the moving
camera 20 can be easily changed, the attribute of the objects
can be recognized by flexibly changing the location and
direction of capturing anytime using the moving camera 20.
[0059] The information processing apparatus 2000 can
accurately estimate the distribution of the attribute of the
objects by utilizing the feature of each of the fixed camera
10 and the moving camera 20 using the first surveillance
image 12 and the second surveillance image 22.

[0060] Hereinafter, the present example embodiment will
be described in further detail.

[0061] <Hardware Configuration Example of Information
Processing Apparatus 2000>

[0062] Each functional configuration unit of the informa-
tion processing apparatus 2000 may be implemented by
hardware (for example, a hardwired electronic circuit) that
implements each functional configuration unit, or may be
implemented by a combination of hardware and software
(for example, a combination of an electronic circuit and a
program controlling the electronic circuit). Hereinafter, the
implementation of each functional configuration unit of the
information processing apparatus 2000 using a combination
of hardware and software will be further described.
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[0063] FIG. 4 is a diagram illustrating a computer 1000 for
implementing the information processing apparatus 2000.
The computer 1000 is any computer. For example, the
computer 1000 is a personal computer (PC), a server
machine, a tablet terminal, or a smartphone. The computer
1000 may be a dedicated computer designed for implement-
ing the information processing apparatus 2000, or a general-
purpose computer.

[0064] The computer 1000 has a bus 1020, a processor
1040, a memory 1060, a storage 1080, an input-output
interface 1100, and a network interface 1120. The bus 1020
is a data transfer path for transmitting and receiving data
among the processor 1040, the memory 1060, the storage
1080, the input-output interface 1100, and the network
interface 1120. However, the method of connecting the
processor 1040 and the like to each other is not limited to bus
connection. The processor 1040 is an operation processing
device such as a central processing unit (CPU) or a graphics
processing unit (GPU). The memory 1060 is a memory such
as a random access memory (RAM) or a read-only memory
(ROM). The storage 1080 is a storage device such as a hard
disk, a solid state drive (SSD), or a memory card. The
storage 1080 may also be a memory such as a RAM or a
ROM.

[0065] The input-output interface 1100 is an interface for
connecting the computer 1000 to input and output devices.
For example, a keyboard or a mouse is connected to the
input-output interface 1100.

[0066] The network interface 1120 is an interface for
communicably connecting the computer 1000 to external
apparatuses. The network interface 1120 may be a network
interface for connection to a wired communication line, or
a network interface for connection to a wireless communi-
cation line.

[0067] For example, the computer 1000 that implements
the information processing apparatus 2000 is connected to
the fixed camera 10 and the moving camera 20 through a
network. However, the method of connecting the computer
1000 to the fixed camera 10 and the moving camera 20 is not
limited to connection through a network. In addition, the
computer 1000 may not be communicably connected to the
fixed camera 10 and the moving camera 20.

[0068] The storage 1080 stores a program module that
implements each functional configuration unit (the first
analyzing unit 2020, the second analyzing unit 2040, and the
estimating unit 2060) of the information processing appa-
ratus 2000. The processor 1040 implements each function
corresponding to the program module by reading each
program module into the memory 1060 and executing the
program module.

[0069] The hardware configuration of the computer 1000
is not limited to the configuration illustrated in FIG. 4. For
example, each program module may be stored in the
memory 1060. In this case, the computer 1000 may not
include the storage 1080.

[0070] Note that the information processing apparatus
2000 may be implemented using a plurality of computers.
For example, a computer that implements the function of the
first analyzing unit 2020, a computer that implements the
function of the second analyzing unit 2040, and a computer
that implements the function of the estimating unit 2060
may be different computers.

[0071] All or a part of the functions of the information
processing apparatus 2000 may be implemented by the fixed
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camera 10 or the moving camera 20. For example, a camera
called an intelligent camera, a network camera, or an Inter-
net protocol (IP) camera can be used as the fixed camera 10
or the moving camera 20 that has all or a part of the
functions of the information processing apparatus 2000.
[0072] In the case of implementing a part of the function
of the information processing apparatus 2000 by the fixed
camera 10 or the moving camera 20, for example, the
function of the first analyzing unit 2020 is implemented by
the fixed camera 10. The function of the second analyzing
unit 2040 is implemented by the moving camera 20. The
function of the estimating unit 2060 is implemented by a
server machine. In this case, the fixed camera 10 calculates
the flow of the crowd in the capturing range of the fixed
camera 10 by processing the first surveillance image 12
generated by itself. In addition, the moving camera 20
calculates the distribution of the attribute of the objects in
the capturing range of the moving camera 20 by processing
the second surveillance image 22 generated by itself. The
server machine acquires information indicating the flow of
the crowd in the capturing range of the fixed camera 10 from
the fixed camera 10, and acquires information indicating the
distribution of the attribute of the objects in the capturing
range of the moving camera 20 from the moving camera 20.
The server machine estimates the attribute distribution for a
range not included in the capturing range of the moving
camera 20 using the acquired information.

[0073] <Flow of Process>

[0074] FIG. 5 is a flowchart illustrating the flow of a
process executed by the information processing apparatus
2000 of Example Embodiment 1. The first analyzing unit
2020 acquires the first surveillance image 12 (S102). The
first analyzing unit 2020 calculates the flow of the crowd in
the capturing range of the fixed camera 10 using the first
surveillance image 12 generated by the fixed camera 10
(S104). The second analyzing unit 2040 acquires the second
surveillance image 22 (S106). The second analyzing unit
2040 calculates the attribute distribution for the capturing
range of the moving camera 20 using the second surveil-
lance image 22 generated by the moving camera 20 (S108).
The estimating unit 2060 estimates the attribute distribution
for the estimation range not included in the capturing range
of the moving camera 20 based on the attribute distribution
in the capturing range of the moving camera 20 and the flow
of the crowd in the capturing range of the fixed camera 10
(8110).

[0075] <Method of Acquiring First Surveillance Image 12:
$102>
[0076] The first analyzing unit 2020 acquires the first

surveillance image 12 (8102). The method of acquiring the
first surveillance image 12 by the first analyzing unit 2020
is not limited. For example, the first analyzing unit 2020
receives the first surveillance image 12 that is transmitted
from the fixed camera 10. Alternatively, for example, the
first analyzing unit 2020 accesses the fixed camera 10 and
acquires the first surveillance image 12 that is stored in the
fixed camera 10. The fixed camera 10 may store the first
surveillance image 12 in a storage device that is installed
outside the fixed camera 10. In this case, the first analyzing
unit 2020 may access the storage device and acquire the first
surveillance image 12.

[0077] The first analyzing unit 2020 may acquire the first
surveillance image 12 in real time, or may acquire the first
surveillance image 12 after a while from the generation of
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the first surveillance image 12. In the latter case, for
example, the information processing apparatus 2000 grasps
the past attribute distribution in the surveillance location by
acquiring the first surveillance image 12 and the second
surveillance image 22 captured in the past (for example, the
previous day), and analyzes the behavior of the crowd.

[0078] In a case where the fixed camera 10 has the
function of the first analyzing unit 2020, the first analyzing
unit 2020 acquires the first surveillance image 12 that is
stored in a storage device (for example, the memory 1060 or
the storage 1080 in FIG. 4) inside the fixed camera 10.

[0079] <Method of Acquiring Second Surveillance Image
22: S106>
[0080] The second analyzing unit 2040 acquires the sec-

ond surveillance image 22 (S106). The method of acquiring
the second surveillance image 22 by the second analyzing
unit 2040 is the same as the method of acquiring the first
surveillance image 12 by the first analyzing unit 2020.
[0081] In a case where the moving camera 20 has the
function of the second analyzing unit 2040, the second
analyzing unit 2040 acquires the second surveillance image
22 that is stored in a storage device (for example, the
memory 1060 or the storage 1080 in FIG. 4) inside the
moving camera 20.

[0082] <Method of Calculating Flow of Crowd: S104>
[0083] The first analyzing unit 2020 calculates the flow of
the crowd in the capturing range of the fixed camera 10
(S104). The first analyzing unit 2020 calculates at least the
direction of the flow of the crowd. For example, the first
analyzing unit 2020 calculates a vector (hereinafter, a flow
vector) representing the flow of the crowd captured in the
first surveillance image 12 using one or a plurality of the first
surveillance images 12. The first analyzing unit 2020 sets the
direction indicated by the vector as the direction of the flow
of the crowd.

[0084] Furthermore, the first analyzing unit 2020 may
calculate the speed of the flow of the crowd. In this case, the
first analyzing unit 2020 calculates a velocity vector repre-
senting the velocity of the crowd as the flow vector. The first
analyzing unit 2020 sets the direction indicated by the
velocity vector as the direction of the flow of the crowd, and
sets the length of the velocity vector as the speed of the flow
of the crowd.

[0085] There are various methods of calculating the flow
vector of the crowd by the first analyzing unit 2020. Here-
inafter, those methods will be illustrated.

[0086] <<Method 1>>

[0087] The first analyzing unit 2020 calculates the optical
flow of a pixel or a feature point included in each of the
plurality of first surveillance images 12 in time series. FIG.
6 is a diagram illustrating the optical flow calculated for the
first surveillance image 12. Each arrow illustrated in FIG. 6
represents the optical flow calculated for the first surveil-
lance image 12.

[0088] The first analyzing unit 2020 calculates the flow
vector based on the calculated optical flow. For example, the
first analyzing unit 2020 selects one of the calculated optical
flows and calculates the flow vector based on the selected
optical flow. For example, assume that the first analyzing
unit 2020 randomly selects one optical flow, converts the
vector on the image into a vector in a real space, and sets the
vector in the real space as the flow vector. In this conversion,
the flow vector is calculated by converting the coordinates of
the point on the image into the coordinates of the point in the

Dec. 7, 2023

real space (on the map) using camera parameters described
later. For example, given that the starting point and the
ending point of the vector on the image are (xs, ys) and (xe,
ye), and the coordinates in the real space corresponding to
those points are (Xs, Ys) and (Xe, Ye), the flow vector can
be calculated as (Xe-Xs, Ye-Ys).

[0089] Alternatively, for example, the first analyzing unit
2020 may calculate one vector by statistically processing the
plurality of calculated optical flows, and calculate the flow
vector based on this vector. This statistical processing is, for
example, a process of calculating the average of the vectors.
The calculation of the flow vector does not need to be
performed once for the entire screen, and may be performed
for individual regions.

[0090] Note that a well-known technique can be used as a
technique for calculating the optical flow using the pixel or
the feature point included in the image.

[0091] <<Method 2>>

[0092] The first analyzing unit 2020 detects a captured
object that is common in the plurality of first surveillance
images 12 in time series, and calculates the flow vector
based on a change in the position of the object. FIG. 7 is a
diagram illustrating a change in the position of the object. In
FIG. 7, assume that objects represented by a dotted line are
captured in the t-th first surveillance image 12, and objects
represented by a solid line are captured in the (t+1)-th first
surveillance image 12. Each arrow represents a change in the
position of each object. The change in the position of each
object is, for example, a vector that connects the centroids or
ground positions (in the case of a person, feet) of a plurality
of regions representing the same object.

[0093] Note that in a case where a plurality of objects are
captured in the first surveillance image 12, a plurality of
vectors representing changes in the positions of the objects
are calculated as in the case of using the optical flow.
Therefore, for example, the first analyzing unit 2020 selects
one of the plurality of objects, and sets the vector represent-
ing a change in the position of the selected object as the flow
vector.

[0094] For example, the first analyzing unit 2020 ran-
domly selects one object. Alternatively, for example, the first
analyzing unit 2020 may select an easily traceable object
from the objects captured in the first surveillance image 12.
The easily traceable object is an object the feature of which,
such as color and shape, is significantly different from other
objects and the background. For example, assume that most
people captured in the first surveillance image 12 wear
almost white clothes, and the color of the background is
similar to white. In this case, a person who wears red or
black clothes is the easily traceable object. Therefore, the
first analyzing unit 2020 calculates a vector representing a
change in the position of the easily traceable object. This
vector is set as the flow vector.

[0095] The vector that represents a change in position can
be accurately calculated for the easily traceable object. Thus,
by setting the vector calculated for the easily traceable
object as the flow vector, the flow vector can be accurately
calculated.

[0096] Alternatively, for example, the first analyzing unit
2020 may calculate one vector by statistically processing the
plurality of vectors representing changes in the positions of
the plurality of objects, and set this vector as the flow vector.
This statistical processing is, for example, a process of
calculating the average of the vectors. At this point, a
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weighted mean may be calculated by assigning a large
weight to the vector calculated for the easily traceable
object.

[0097] As described above, the vector that represents a
change in position can be accurately calculated for the easily
traceable object. Thus, by assigning a large weight to this
vector, the flow vector can be accurately calculated.
[0098] <<Method 3>>

[0099] In a case where it is desirable to find the moving
direction of the crowd, the first analyzing unit 2020 may
calculate the direction of the flow vector based on the
direction of each object captured in the first surveillance
image 12. For example, in a case where each object is a
person or an animal, the first analyzing unit 2020 determines
the direction of the face or the body of each object, and sets
the direction in which the front of the face or the body faces
as the flow vector. In a case where each object is a thing such
as a vehicle, a motorcycle, or a flying object, the first
analyzing unit 2020 determines the traveling direction of
each object from the shape, the position of various compo-
nents (a bumper, a handle, and the like), and the like of the
object captured in the first surveillance image 12, and sets
the determined traveling direction as the direction of the
flow vector.

[0100] The method of calculating the direction or speed of
the flow of the crowd is not limited to the above methods.
A well-known technique that uses one or more images to
calculate the direction or the speed of the flow of the objects
(for example, the flow of people (stream of people)) cap-
tured in the images can be used as the method of calculating
the direction and the speed.

[0101] <Attribute of Object>

[0102] There are various attributes of an object handled by
the information processing apparatus 2000. For example, in
a case where the object is a person, the attribute is an age
bracket, a sex, nationality, a group that the person belongs to,
the presence of belongings, whether or not the person is a
person having difficulty in walking, or the like. The person
having difficulty in walking means a person who has a lower
walking velocity than a general person due to a wound, a
disability, and the like. The object may have various attribute
values for each attribute. The attribute value is a value of the
object for a certain attribute.

[0103] The attribute value of the age bracket has various
values representing the age bracket. For example, the attri-
bute value of the age bracket is an approximate age (10s or
20s) or a stage representing age (a child, a youth, a senior
person, or the like). The attribute value of sex is male or
female.

[0104] The attribute value of nationality is a value that
represents the nation where the person was born, the nation
where the person is living, or the feature of the person based
on the nation of the person. For example, the attribute value
of nationality indicates a Japanese person or a foreigner. In
addition, for example, the attribute value of nationality
indicates distinction of nations in Asia, Europe, America, or
the like. In addition, for example, the attribute value of
nationality may indicate a used language (Japanese, English,
Chinese, or the like).

[0105] The attribute value of the group to which the
person belongs may indicate any group. For example, in a
case where the location under surveillance using the infor-
mation processing apparatus 2000 is a passageway through
which an audience passes, or a seat for the audience in a
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stadium, the person is categorized depending on a team for
which the person is a supporter. More specifically, in a case
where a team A and a team B are having a match in the
stadium, the attribute value of the person may indicate a
“supporter of the team A” or a “supporter of the team B”.
[0106] The attribute value of the presence of belongings
indicates, for various possessions, whether or not the person
is carrying belongings, or whether or not the person is using
belongings. For example, the possession corresponds to a
cane, a wheelchair, a stroller, or the like. For example, the
attribute value of the presence of a cane represents whether
or not the person has a cane, or whether or not the person is
using a cane.

[0107] The attribute value of whether or not the person is
a person having difficulty in walking represents whether or
not the walking velocity of the person is lower than a general
velocity. For example, whether or not the person is a person
having difficulty in walking can be determined by the
presence of a cane, or the presence of a wheelchair. Spe-
cifically, it can be estimated that a person who is using a cane
or a wheelchair is a person having difficulty in walking, and
a person who is not using a cane or a wheelchair is not a
person having difficulty in walking. Alternatively, for
example, whether or not the person is a person having
difficulty in walking can be determined by the age bracket.
Specifically, it can be estimated that a senior person is a
person having difficulty in walking, and a person other than
a senior person is not a person having difficulty in walking.
Alternatively, whether or not the person is a person having
difficulty in walking may be determined by directly analyz-
ing the way of walking of the person using a gait analysis
technique. For example, whether or not the person is a
person having difficulty in walking may be determined using
categories including a way of walking using a cane, a way
of' walking of a blind person (a way of walking with a white
cane, a way of walking with a guide dog, and the like), a way
of' walking of a deaf person with a hearing dog, and a general
way of walking.

[0108] <Method of Calculating Attribute Distribution:
S106>
[0109] The estimating unit 2060 calculates the attribute

distribution in the capturing range of the moving camera 20
(S106). First, the estimating unit 2060 calculates the attri-
bute value for all objects or a part of the objects captured in
the second surveillance image 22. For example, in a case
where sex is handled as an attribute, the second analyzing
unit 2040 determines whether each object is a male or a
female. The second analyzing unit 2040 calculates the
attribute distribution based on the calculated attribute value
of each object.

[0110] <<Method of Calculating Attribute Value>>
[0111] The method of calculating the attribute value of
each object by the second analyzing unit 2040 varies
depending on the handled attribute. For example, the second
analyzing unit 2040 calculates the age bracket, the sex, or
the nationality of a person from the feature and the like of
the face of the person captured in the second surveillance
image 22. A well-known technique can be used as a tech-
nique for calculating the age bracket, the sex, or the nation-
ality (ethnic group) from the feature and the like of the face
of the person.

[0112] In a case where the attribute is the group to which
the person belongs, the second analyzing unit 2040 deter-
mines the group to which each object belongs based on the
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exterior, belongings, and the like of the object. For example,
a team for which a certain person is a supporter can be
determined based on the clothes, a cheering item, and the
like possessed by the person captured in the second surveil-
lance image 22. A well-known object recognition technique
can be used as a technique for determining whether or not a
specific thing is captured in the image. For example, a
technique for determining whether or not the clothes of the
person are the same as a uniform of a team that the person
cheers for by analyzing the color and shape of the clothes,
or a technique for determining whether or not the same
object is included in the image by extracting a feature point
and comparing the feature point with the feature point of a
registered specific object can be applied.

[0113] In a case where the attribute is the presence of
belongings, the second analyzing unit 2040 determines the
attribute value of the person by calculating whether or not
the person captured in the second surveillance image 22
possesses a cane, a wheelchair, a stroller, and the like. As
described above, a well-known object recognition technique
can be used as a technique for determining whether or not a
specific thing is captured in the image. For example, objects
such as a wheelchair, a cane, and a stroller may be detected
using a discriminator that learns the features of a wheelchair,
a cane, and a stroller in advance.

[0114] Similarly, in a case where the attribute is whether
or not the person is a person having difficulty in walking, the
second analyzing unit 2040 calculates the attribute value of
the person by determining whether or not the person cap-
tured in the second surveillance image 22 possesses a cane
or a wheelchair. Specifically, the second analyzing unit 2040
sets the attribute value of the person to “person having
difficulty in walking” when the person captured in the
second surveillance image 22 possesses a cane or a wheel-
chair. The second analyzing unit 2040 sets the attribute value
of the person to “not a person having difficulty in walking”
when the person does not possess a cane or a wheelchair.
Alternatively, the second analyzing unit 2040 may deter-
mine the attribute value by determining whether or not the
age bracket of the person captured in the second surveillance
image 22 indicates a senior person. Specifically, the second
analyzing unit 2040 sets the attribute value of the person to
“person having difficulty in walking” when the age bracket
of the person captured in the second surveillance image 22
indicates a senior person. The second analyzing unit 2040
sets the attribute value of the person to “not a person having
difficulty in walking” when the age bracket of the person
indicates other than a senior person. Alternatively, the sec-
ond analyzing unit 2040 may calculate the attribute value by
analyzing the way of walking of the person captured in the
second surveillance image 22 and determining the degree of
difference from the way of walking of a general person.
Specifically, the second analyzing unit 2040 sets the attribute
value of the person to “person having difficulty in walking”
in a case where the degree of difference from the way of
walking of a general person is significant. Otherwise, the
second analyzing unit 2040 sets the attribute value of the
person to “not a person having difficulty in walking”.
Alternatively, the second analyzing unit 2040 may decide
the attribute value of the person by determining whether or
not the way of walking of the person is a way of walking that
is specific to a case where the person possesses a wheelchair
or a cane, directly using a discriminator that learns the way
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of walking (way of moving forward) in a case where the
person possesses a wheelchair or a cane.

[0115] Note that the attribute value may be calculated
without the second surveillance image 22. For example, in
a case where a microphone is installed around the capturing
range of the moving camera 20, the second analyzing unit
2040 may calculate the attribute value of each object in the
capturing range of the moving camera 20 by analyzing a
voice that is recorded using the microphone. For example, in
a case where the moving camera 20 generates a video
including a voice, the second analyzing unit 2040 can
acquire a voice around the capturing range of the moving
camera 20 by acquiring the voice included in the video.
[0116] For example, the second analyzing unit 2040 deter-
mines the attribute value of the age bracket or the sex from
the tone and the like of the recorded voice. In addition, for
example, the second analyzing unit 2040 determines the
attribute value of nationality by determining the used lan-
guage from the recorded voice.

[0117] In addition, for example, the second analyzing unit
2040 determines the attribute value of the group to which the
person belongs, from words included in the recorded voice.
For example, it is considered that a voice uttered by a
supporter of a certain team includes many words such as the
names of players of the team. Therefore, dictionary data
including keywords for the supporter of the team, such as the
names of players belonging to that team, is prepared for each
team. The second analyzing unit 2040 determines the attri-
bute value of the group to which the person belongs by
matching the word included in the recorded voice against the
dictionary data.

[0118] Ina case where the used language varies depending
on the group to which the person belongs, the second
analyzing unit 2040 may determine the used language from
the recorded voice and determine the group to which the
person belongs using the used language. For example, in a
sports match venue where a match between Japan and
America is taking place, it can be estimated that a person
who speaks Japanese is a supporter of the Japanese team,
and a person who speaks English is a supporter of the
American team.

[0119] Note that there may be different dialects and pro-
nunciations in the same language depending on the nation.
For example, American English, British English, New Zea-
land English, and the like have different dialects and pro-
nunciations. In addition, for example, there may be different
dialects and pronunciations in the language of the same
nation. For example, in Japanese, dialects and pronuncia-
tions vary depending on the regions such as Tokyo, Kansai,
and Tohoku. Therefore, the second analyzing unit 2040 may
determine the attribute value of nationality or the group to
which the person belongs by determining such a difference
in dialect and pronunciation.

[0120] In addition, the second analyzing unit 2040 may
calculate the number of speakers (the number of objects)
from the recorded voice using a speaker identification tech-
nique and the like, and reflect the number of speakers in the
distribution.

[0121] <<Method of Calculating Attribute Distribution>>
[0122] The second analyzing unit 2040 calculates the
attribute distribution in the capturing range of the moving
camera 20 based on the calculated attribute value of each
object. There are various methods of calculating the attribute
distribution by the second analyzing unit 2040. For example,
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the second analyzing unit 2040 sets the number of objects
having each attribute value (a collection including a pair of
an attribute value and the number of objects having the
attribute value) as the attribute distribution.

[0123] For example, in the case of handling sex as the
attribute, assume that the second analyzing unit 2040 cal-
culates the attribute value as male for 10 persons captured in
the second surveillance image 22, and calculates the attri-
bute value as female for 15 persons captured in the second
surveillance image 22. In this case, the attribute distribution
of sex in the capturing range of the moving camera 20 is “10
males and 15 females”.

[0124] Alternatively, the attribute distribution may indi-
cate the number of objects for only a certain attribute value.
For example, in a case where the second analyzing unit 2040
calculates the attribute value as male for 10 persons captured
in the second surveillance image 22, the attribute distribu-
tion of objects the sex of which is male is “15” in the
capturing range of the moving camera 20.

[0125] Alternatively, the second analyzing unit 2040 may
calculate the attribute distribution of a certain attribute as the
ratio of the attribute value (the ratio of the number of objects
having each attribute value). For example, as in the above
example, assume that 10 males and 15 females are captured
in the second surveillance image 22. In this case, the second
analyzing unit 2040 calculates the attribute distribution of
sex as “male:female=2:3".

[0126] In a case where the attribute value is calculated for
a part of objects captured in the second surveillance image
22, the second analyzing unit 2040 calculates the attribute
distribution for the part of objects for which the attribute
value is calculated, and based on that attribute distribution,
calculates the attribute distribution in the capturing range of
the moving camera 20. That is, regarding objects the attri-
butes value of which is not calculated, the attribute value
thereof is estimated.

[0127] In this case, first, for the objects for which the
attribute value is calculated, the second analyzing unit 2040
calculates the attribute distribution that is represented by the
ratio of objects having each attribute value. It is highly likely
that the ratio of the attribute value in the whole capturing
range of the moving camera 20 is close to the ratio of the
attribute value that is calculated for the part of objects
included in the capturing range of the moving camera 20.
For example, in a case where the ratio of “male: female=2:3”
is calculated for the part of objects included in the moving
camera 20, it is highly likely that the attribute is distributed
at the same ratio for the whole capturing range of the moving
camera 20.

[0128] Therefore, the second analyzing unit 2040 sets the
ratio of the attribute value calculated for the part of objects
included in the moving camera 20 as the attribute distribu-
tion in the whole capturing range of the moving camera 20.

[0129] The second analyzing unit 2040 may generate the
attribute distribution using a single second surveillance
image 22, or may generate the attribute distribution using a
plurality of the second surveillance images 22. In the latter
case, for example, the second analyzing unit 2040 calculates
the attribute distribution for each second surveillance image
22. The second analyzing unit 2040 generates the conclusive
attribute distribution by statistically processing the attribute
distribution calculated for each second surveillance image
22.

Dec. 7, 2023

[0130] Forexample, assume that the second analyzing unit
2040 generates the attribute distribution using two second
surveillance images 22. In this case, assume that the attribute
distribution is calculated as “10 males and 20 females” for
the first of the second surveillance images 22, and the
attribute distribution is calculated as “12 males and 24
females” for the second of the second surveillance images
22. In this case, the second analyzing unit 2040 generates the
attribute distribution as “11 males and 22 females” or
“male:female=1:2" using the two second surveillance
images 22.

[0131] <Method of Estimating Attribute Distribution:
S108>
[0132] The estimating unit 2060 estimates the attribute

distribution for the estimation range that is a range outside
the capturing range of the moving camera 20 (S108). To do
s0, the estimating unit 2060 uses the flow of the crowd in the
capturing range of the fixed camera 10, and the attribute
distribution in the capturing range of the moving camera 20.
Hereinafter, a concrete method of estimating the attribute
distribution by the estimating unit 2060 will be illustrated.
[0133] The estimating unit 2060 calculates the attribute
distribution in the estimation range using the velocity (here-
inafter, a moving velocity) of the flow of the crowd in the
capturing range of the fixed camera 10. First, the estimating
unit 2060 estimates the moving velocity of the crowd in the
capturing range of the moving camera 20 based on the
moving velocity of the crowd in the capturing range of the
fixed camera 10. The estimating unit 2060 estimates the
attribute distribution in the estimation range by moving the
attribute distribution in the capturing range of the moving
camera 20 at the estimated velocity.

[0134] <<Case Where Capturing Range of Fixed Camera
10 Overlaps Capturing Range of Moving Camera 20>>
[0135] In a case where the capturing range of the fixed
camera 10 overlaps the capturing range of the moving
camera 20, the estimating unit 2060 estimates the moving
velocity of the crowd in the capturing range of the moving
camera 20 to be the same velocity as the moving velocity of
the crowd in the capturing range of the fixed camera 10. For
example, in a case where the moving velocity of the crowd
in the capturing range of the fixed camera 10 is “10 m/sec
in the rightward direction”, the moving velocity of the crowd
in the capturing range of the moving camera 20 is estimated
to be “10 m/sec in the rightward direction”. Therefore, the
estimating unit 2060 sets the estimation range to be a
position that is moved by 10*n [m] in the rightward direction
from the capturing range of the moving camera 20 n seconds
(n is a positive real number) after time t, and estimates the
attribute distribution in the estimation range to be the same
attribute distribution as the attribute distribution in the
capturing range of the moving camera 20 at time t.

[0136] FIGS. 8A and 8B and FIGS. 9A and 9B are
diagrams illustrating a scene in which the attribute distribu-
tion in the estimation range is estimated by moving the
attribute distribution in the capturing range of the moving
camera 20. In this example, the information processing
apparatus 2000 repeats the calculation of the velocity of the
crowd in the capturing range 14 of the fixed camera 10, the
calculation of the attribute distribution in the capturing range
24 of the moving camera 20, and the estimation of the
attribute distribution in the estimation range, each for one
second. In this case, the first analyzing unit 2020 or the
second analyzing unit 2040 calculates the velocity of the
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crowd and the attribute distribution at a certain time using
the first surveillance image 12 or the second surveillance
image 22 that is generated in one second immediately before
the time.

[0137] At certain time t, the moving velocity of the crowd
in the capturing range 14 of the fixed camera 10 is “10 m/sec
in the rightward direction”, and the attribute distribution in
the capturing range 24 of the moving camera 20 is “male:
female=1:2" (refer to FIG. 8A). Therefore, the estimating
unit 2060 estimates the attribute distribution at time t+1 to
be “male:female=1:2" for an estimation range 60-1 that is at
aposition moved by 10 m in the rightward direction from the
capturing range 24 of the moving camera 20 (refer to FIG.
8B).

[0138] At time t+1, the moving velocity of the crowd in
the capturing range 14 of the fixed camera 10 is “8 m/sec in
the rightward direction”, and the attribute distribution in the
capturing range 24 of the moving camera 20 is “male:
female=2:3" (see FIG. 8B). Therefore, the estimating unit
2060 estimates the attribute distribution at time t+2 to be
“male:female=2:3" for an estimation range 60-2 that is at a
position moved by 8 m in the rightward direction from the
capturing range 24 of the moving camera 20 (see FIG. 9A).
In addition, the estimation range 60-1 is further moved by 10
m in the rightward direction by time t+2.

[0139] At time t+2, the velocity of the crowd in the
capturing range 14 of the fixed camera 10 is “9 m/sec in an
upper rightward direction”, and the attribute distribution in
the capturing range 24 of the moving camera 20 is “male:
female=3:4" (see FIG. 9A). Therefore, the estimating unit
2060 estimates the attribute distribution at time t+3 to be
“male:female=3:4" for an estimation range 60-3 that is at a
position moved by 9 m in the upper rightward direction from
the capturing range 24 of the moving camera 20 (see FIG.
9B). In addition, the estimation range 60-2 is further moved
by 8 m in the rightward direction by time t+3. Note that
while illustration is not provided in the drawings, the esti-
mation range 60-1 is further moved by 10 m in the rightward
direction by time t+3.

[0140] By such repeated processing of the information
processing apparatus 2000, the attribute distribution can be
estimated for a wide range that is not included in the
capturing range of the moving camera 20.

[0141] <<Case Where Capturing Range of Fixed Camera
10 Does Not Overlap Capturing Range of Moving Camera
20>>

[0142] In a case where the capturing ranges of the fixed
camera 10 and the moving camera 20 do not overlap each
other, the estimating unit 2060 estimates the moving veloc-
ity of the crowd in the capturing range of the moving camera
20 from the moving velocity of the crowd in the fixed
camera 10. Various specific methods may be used.

[0143] Forexample, the estimating unit 2060 estimates the
moving velocity of the crowd in the capturing range of the
moving camera 20 to be the same as the moving velocity of
the crowd in the capturing range of the fixed camera 10.
Particularly, for example, in a case where the capturing
ranges of the fixed camera 10 and the moving camera 20 are
positioned close to each other, or in a case where the flow of
the crowd is uniform in the location of the surveillance
target, it is highly likely that the moving velocity of the
crowd in the capturing range of the fixed camera 10 is
similar to that in the capturing range of the moving camera
20.

Dec. 7, 2023

[0144] In addition, for example, the estimating unit 2060
estimates the moving velocity of the crowd in the capturing
range of the moving camera 20 from the moving velocity of
the crowd in the fixed camera 10 using map information
around where the fixed camera 10 or the moving camera 20
is positioned. The map information is any information that
represents a configuration of roads and the like. Generally,
crowds move along roads. Thus, in a case where a road is
curved, or in a case where a road has a corner, the moving
direction of the crowd in the capturing range of the moving
camera 20 may be different from the moving direction of the
crowd in the capturing range of the fixed camera 10. Even
in such a case, the moving direction of the crowd in the
capturing range of the moving camera 20 can be estimated
by recognizing the configuration of roads using the map
information.

[0145] FIGS. 10A and 10B are diagrams illustrating a
scene in which the moving direction of the moving camera
20 is estimated using the map information. In FIG. 10A, the
moving direction of the crowd in a capturing range 14-1 of
the fixed camera 10 is a direction 50-1. The estimating unit
2060 estimates the crowd included in the capturing range
14-1 to reach a capturing range 24-1 of the moving camera
20 along a road 40 using the map information. Therefore, the
estimating unit 2060 estimates the moving direction of the
crowd in the capturing range 24-1 of the moving camera 20
to be a direction 50-2 to which the direction 50-1 is moved
along the road 40.

[0146] In FIG. 10B, the moving direction of the crowd in
a capturing range 14-2 of the fixed camera 10 is a direction
50-3. The estimating unit 2060 estimates the crowd in the
capturing range 14-2 of the fixed camera 10 to be the crowd
in a capturing range 24-2 of the moving camera 20 that is
moved along the road 40, using the map information.
Therefore, the estimating unit 2060 estimates the moving
direction of the crowd in the capturing range 24-2 of the
moving camera 20 to be a direction 50-4 to which the
direction 50-3 is moved along the road 40.

[0147] Note that in the case of using the map information,
there are various methods of estimating the speed of the flow
of'the crowd in the capturing range of the moving camera 20.
For example, the estimating unit 2060 estimates the speed of
the flow of the crowd in the capturing range of the moving
camera 20 to be the same as the speed of the flow of the
crowd in the capturing range of the fixed camera 10.
[0148] Alternatively, for example, the estimating unit
2060 may estimate the speed of the flow of the crowd in the
capturing range of the moving camera 20 based on a
difference between the road around the capturing range of
the fixed camera 10 and the road around the capturing range
of the moving camera 20. For example, in a case where the
width of the road around the capturing range of the moving
camera 20 is larger than the width of the road around the
capturing range of the fixed camera 10, the estimating unit
2060 estimates the speed of the flow of the crowd in the
capturing range of the moving camera 20 to be lower than
the speed of the flow of the crowd in the capturing range of
the fixed camera 10. On the other hand, in a case where the
width of the road around the capturing range of the moving
camera 20 is smaller than the width of the road around the
capturing range of the fixed camera 10, the estimating unit
2060 estimates the speed of the flow of the crowd in the
capturing range of the moving camera 20 to be higher than
the speed of the flow of the crowd in the capturing range of
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the fixed camera 10. However, when the density of the
crowd becomes equal to a certain level or higher, the range
of movement of a person is restricted, and the velocity of the
crowd is decreased. Thus, considering the density of the
crowd as well, the velocity of the crowd may be estimated
to be decreased when the density of the crowd becomes
equal to a certain level or higher.

[0149] A well-known technique can be used for generating
the map information used by the estimating unit 2060. For
example, the map information is map information that is
used in a navigation application and the like. The method of
acquiring the map information by the estimating unit 2060
is not limited. For example, the map information is stored in
a storage that can be accessed from the estimating unit 2060.
[0150] Assume that the first analyzing unit 2020 calculates
only the direction of the flow of the crowd and do not
calculate the speed of the flow of the crowd. In this case, for
example, the estimating unit 2060 handles a predetermined
speed that is set in advance as the speed of the flow of the
crowd in the capturing range of the fixed camera 10. The
predetermined speed may be a value that is manually set, or
may be a value that is calculated from a surveillance result
in the past. Alternatively, the speed of the flow of the crowd
that is estimated by simulating the movement of the crowd
instead of the surveillance result may be used as the prede-
termined speed. That is, a change in the movement of the
crowd is calculated by simulation using the map informa-
tion. Various well-known crowd simulation technologies can
be used.

[0151] In the case of repeatedly surveilling a certain
location, the speed of the flow of the crowd passing through
the location may be estimated from the surveillance result in
the past. Therefore, for example, a statistic value of the
speed of the flow of the crowd that is repeatedly calculated
in the past for the capturing range of the fixed camera 10 is
set as the predetermined speed. This calculation may be
manually performed, or may be performed using any com-
puter.

[0152] The speed of the flow of the crowd may vary
depending on time periods. For example, the speed of the
flow of the crowd may be high during a commute time
period, and the speed of the flow of the crowd may be low
during other time periods. Therefore, the predetermined
speed may be set for each time period. In this case, the
estimating unit 2060 uses the predetermined speed that is set
for a time period matching a time period in which the first
surveillance image 12 is generated.

[0153] Information that indicates the predetermined speed
may be set in advance in the estimating unit 2060, stored in
the storage device that can be accessed from the estimating
unit 2060, or set by a user of the information processing
apparatus 2000.

[0154] <<Estimation of Moving Velocity of Crowd>>
[0155] The method of estimating the moving velocity of
the crowd included in the capturing range of the moving
camera 20 is not limited to the above method of estimating
the moving velocity of the crowd included in the capturing
range of the fixed camera 10 to be the moving velocity
included in the capturing range of the moving camera 20.
For example, the estimating unit 2060 may directly calculate
the moving velocity of the crowd included in the capturing
range of the moving camera 20 using the second surveil-
lance image 22. In this case, the estimating unit 2060
calculates the moving velocity of the crowd captured in the
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second surveillance image 22. Note that the method of
calculating the moving velocity of the crowd captured in the
second surveillance image 22 is the same as the method of
calculating the moving velocity of the crowd captured in the
first surveillance image 12.

[0156] However, since the moving camera 20 moves
unlike the fixed camera 10, not only the objects but also the
background move in the second surveillance image 22.
Thus, in the case of calculating the moving velocity of the
crowd captured in the second surveillance image 22, the
motion of the crowd needs to be calculated after the motion
of the background among a plurality of frames (second
surveillance images 22) is compensated.

[0157] For example, the motion of the background can be
acquired by matching feature points extracted from the
background among the frames. Similarly, the motion of the
foreground can also be acquired by matching feature points
among the frames.

[0158] Therefore, first, the estimating unit 2060 acquires
the amount of movement of each of the foreground and the
background on the second surveillance image 22. Next, the
estimating unit 2060 calculates the amount of movement of
only the foreground (only the objects) by subtracting the
amount of movement of the background from the amount of
movement of the foreground. The estimating unit 2060
calculates the moving velocity from this amount of move-
ment and its moving direction.

[0159] Alternatively, the estimating unit 2060 may calcu-
late the moving velocity of the crowd included in the
capturing range of the moving camera 20 using both the
moving velocity of the crowd calculated using the first
surveillance image 12 and the moving velocity of the crowd
calculated using the second surveillance image 22. For
example, the estimating unit 2060 sets the moving velocity
of the crowd included in the capturing range of the moving
camera 20 to be a velocity that is acquired by statistically
processing (for example, averaging) the moving velocity of
the crowd calculated using the first surveillance image 12
and the moving velocity of the crowd calculated using the
second surveillance image 22. Note that at this point, a
weighted mean may be calculated by assigning a large
weight to the moving velocity of the crowd calculated using
the second surveillance image 22.

[0160] <<Estimation Range 60>>

[0161] Inthe example in FIGS. 9A and 9B and FIGS. 10A
and 10B, the estimation range 60 is a range that has the same
shape and area as the capturing range of the moving camera
20. However, the estimation range 60 is not limited to such
a range. Hereinafter, various estimation ranges 60 will be
illustrated.

[0162] <<<Estimation Range 60 Having Predetermined
Shape and Size>>>

[0163] The estimating unit 2060 sets the estimation range
60 to be a range that has a predetermined shape and area set
in advance. The predetermined shape and area may be set in
advance in the estimating unit 2060, stored in the storage
device that can be accessed from the estimating unit 2060,
or set by the user.

[0164] FIGS. 11A and 11B are diagrams illustrating a
scene in which the attribute distribution is estimated for the
estimation range 60 having the predetermined shape and
area. Specifically, the estimation range 60 is a square range
that has an area of 10 m2. Note that the position of the
estimation range 60 is calculated in the same manner as
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FIGS. 8 A and 8B based on the moving velocity estimated for
the crowd included in the capturing range of the moving
camera 20.

[0165] The attribute distribution estimated in FIG. 11A
represents the ratio of the attribute value (male:female=1:2).
The estimating unit 2060 sets the attribute distribution in the
estimation range 60 to be a distribution of “male:female=1:
2” which is the same as the attribute distribution in the
capturing range of the moving camera 20.

[0166] The attribute distribution estimated in FIG. 11B
represents the number of objects having each attribute value.
Since the area of the estimation range 60 is different from the
area of the capturing range of the moving camera 20, it is
considered that the number of objects included in the
estimation range 60 is different from the number of objects
included in the capturing range of the moving camera 20.
[0167] Therefore, first, the estimating unit 2060 calculates
the number of objects included in the estimation range 60
based on crowd density in the capturing range of the moving
camera 20. The crowd density means the number of objects
per unit area. The estimating unit 2060 estimates the crowd
density in the estimation range 60 to be the same as the
crowd density in the capturing range of the moving camera
20. Thus, the estimating unit 2060 calculates the number of
objects included in the estimation range 60 by multiplying
the crowd density in the estimation range 60 by the area of
the estimation range 60.

[0168] Forexample, in FIG. 11B, the crowd density in the
capturing range of the moving camera 20 is 3 people/m”.
Therefore, the estimating unit 2060 estimates the crowd
density in the estimation range 60 to be 3 people/m>. The
estimating unit 2060 multiplies this crowd density and 10 m>
which is the area of the estimation range 60. Consequently,
a value of 30 is calculated as the number of objects included
in the estimation range 60.

[0169] Furthermore, the estimating unit 2060 calculates
the number of objects having each attribute value based on
the number of objects included in the estimation range 60
and the ratio of the attribute value in the estimation range 60.
The estimating unit 2060 estimates the ratio of the attribute
value in the estimation range 60 to be the same as the ratio
of the attribute value in the capturing range of the moving
camera 20. Therefore, the estimating unit 2060 calculates
the number of objects having each attribute value by mul-
tiplying the number of objects included in the estimation
range 60 by the ratio of each attribute value.

[0170] For example, in FIG. 11B, the ratio of males to
females included in the capturing range of the moving
camera 20 is “male:female=1:2". Therefore, the estimating
unit 2060 estimates the ratio of males to females included in
the estimation range 60 to be “male:female=1:2”. From this
ratio and the fact that the number of objects included in the
estimation range 60 is 30, the estimating unit 2060 sets the
attribute distribution in the estimation range 60 to be “10
males and 20 females”.

[0171] The crowd density in the capturing range of the
moving camera 20 is calculated by the second analyzing unit
2040. The second analyzing unit 2040 calculates the crowd
density based on the number of objects captured in the
second surveillance image 22 and the area of the capturing
range of the moving camera 20.

[0172] Note that in FIG. 11B, the estimating unit 2060
may use the crowd density in the capturing range of the fixed
camera 10 instead of the crowd density in the capturing
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range of the moving camera 20. Since the fixed camera 10
which is a surveillance camera or the like generally captures
the objects in a bird’s-eye view, the crowd density in the
capturing range of the fixed camera 10 is calculated with
higher accuracy than the crowd density in the capturing
range of the moving camera 20. Therefore, it is preferable
that the estimating unit 2060 estimates the crowd density in
the estimation range 60 to be the same as the crowd density
in the capturing range of the fixed camera 10.

[0173] <<<Estimation Range 60 Having Same Shape and
Area as Capturing Range of Fixed Camera 10>>>

[0174] The estimating unit 2060 sets the estimation range
60 to be a range that has the same shape and area as the
capturing range of the fixed camera 10. FIGS. 12A and 12B
are diagrams illustrating a scene in which the attribute
distribution is estimated for the estimation range 60 having
the same shape and area as the capturing range of the fixed
camera 10.

[0175] The attribute distribution estimated in FIG. 12A
represents the ratio of the attribute value (male:female=1:2).
The estimating unit 2060 sets the attribute distribution in the
estimation range 60 to be a distribution of “male:female=1:
2” which is the same as the attribute distribution in the
capturing range of the moving camera 20.

[0176] The attribute distribution estimated in FIG. 12B
represents the number of objects having each attribute value.
The number of objects included in the crowd in the capturing
range 14 of the fixed camera 10 is different from that in the
crowd in the capturing range 24 of the moving camera 20.
[0177] Inthis case, the first analyzing unit 2020 calculates
the total number of objects included in the capturing range
14. Assume that 60 people are included in the capturing
range 14. Furthermore, the second analyzing unit 2040
calculates the attribute distribution for the crowd in the
capturing range of the moving camera 20. Assume that the
attribute distribution is calculated as “10 males and 20
females”.

[0178] The estimating unit 2060 estimates the attribute
distribution in the estimation range 60 using the ratio of the
total number of objects included in the capturing range 14 to
the total number of objects included in the capturing range
24, and the attribute distribution calculated for the capturing
range 24. The total number of objects included in the
capturing range 14 is twice the total number of objects
included in the capturing range 24. Therefore, the estimating
unit 2060 estimates the attribute distribution in the estima-
tion range 60 to be “20 males (10x2) and females (20x2)”.
[0179] Note that the estimating unit 2060 may use the ratio
of the crowd density in the capturing range 14 to the crowd
density in the capturing range 24 instead of the ratio of the
total number of objects included in the capturing range 14 to
the total number of objects included in the capturing range
24. The reason is that those ratios have the same value.
[0180] <<<Estimation Range 60 Having Infinite Area>>>
[0181] The estimating unit 2060 sets the estimation range
to be a range that has an infinite area. In this case, for
example, the estimating unit 2060 estimates the attribute
distribution in the estimation range by assuming the crowd
to be spreading as time elapses, based on a distribution such
as a Gaussian distribution.

[0182] FIG. 13 is a diagram illustrating a scene in which
the crowd spreads as time elapses. In FIG. 13, a location in
darker color represents higher crowd density. A crowd 30 is
moving in the rightward direction. The crowd is spreading as
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the crowd moves in the rightward direction, that is, as time
elapses. Note that a graph below the crowd 30 is a graph that
represents a relationship between a position and crowd
density. Note that while an isotropic distribution is illus-
trated, a non-isotropic distribution may also be used. For
example, in a case where the crowd is walking along a
narrow passageway, the distribution is likely to spread in the
direction of the passageway and unlikely to spread in a
direction perpendicular to the passageway. Thus, a distribu-
tion having a high degree of spread in the direction of the
passageway may be used.

[0183] Hereinafter, a specific method of estimating the
attribute distribution for a specified range having an infinite
area will be illustrated.

[0184] The number of objects (hereinafter, objects a) that
have a as an attribute value of an attribute A and are present
at a position x at time t is represented by ha(x, t). Note that
x is a vector and represents two-dimensional coordinates.
Assume that ha(x, t) represents the number of objects that
are centered at x and are in a range having the same area as
the capturing range of the fixed camera 10.

[0185] The position of the crowd included in the capturing
range of the moving camera 20 at time t0 is represented by
x0(t0). Then, the number of objects that are included in the
capturing range of the moving camera 20 at time t0 and have
a as the attribute A can be represented by ha(x0(t0), t0).

[0186] Assume that at time t0, the second analyzing unit
2040 calculates the number of objects a to be La among L
objects in the capturing range of the moving camera 20. In
addition, assume that at time t0, the first analyzing unit 2020
calculates the number of objects included in the crowd at the
position x0(t0) in the capturing range of the fixed camera 10
to be M In this case, it can be estimated that Expression (1)
is established. Assume that the capturing range of the
moving camera 20 is in the capturing range of the fixed
camera 10.

M (9]
ha(xo(to), o) = La * A

[0187] The moving velocity of the crowd at the position
x0(t0) in the capturing range of the fixed camera 10 at time
t0 is represented by v(x0(t0), t0). In addition, a time interval
between each estimation of the attribute distribution by the
estimating unit 2060 is represented by At. Then, a position
xn(tn) of the crowd at time tn=t04+nAt can be represented by
Expression (2).

X ()= (o AV, ()t DAY 2)

[0188] Note that when the moving velocity of the crowd is
assumed to be not changed, Expression (2) can be modified
as follows.

X, (t)=xo{t Hv(xo(to) b)) —DAt 3)

[0189] In this example, assume that the objects at the
position x disperse in accordance with a function p(x, 7). A
value representing time is substituted for T. For example, a
distribution the variance of which is increased in accordance
with an increase in T (along with elapse of time) as illus-
trated in FIG. 13 is used in the function p. For example, a
Gaussian distribution is used as such a distribution.
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[0190] When the function p is used, the number ha(xn, tn)
of objects having a as the attribute A at the position xn at
time tn=t+nAt can be represented by Expression (4).

P, 1) = (Xo(£0) )P (X, (1,) .1 AL (C))

[0191] The number of objects a at any position is found by
inputting any value in x of Expression (3). Thus, according
to Expression (3), the attribute distribution of the objects is
theoretically estimated for the specified range having an
infinite area.

[0192] Note that the attribute distribution (the number of
objects having a as the attribute A) estimated by the infor-
mation processing apparatus 2000 is not the attribute distri-
bution based on the attribute value calculated by the second
analyzing unit 2040 at time t0, but it is a superposition of the
attribute distribution based on the attribute value calculated
by the second analyzing unit 2040 at each time. Thus, the
attribute distribution estimated by the information process-
ing apparatus 2000 is represented by Expression (5). In
Expression (5), the attribute distribution in an infinite range
at time tn is estimated using the attribute distributions
calculated at time t0 to tn.

" ®
Halx, 1) = ) halo(t)s 1P = X0k (1), (1= IAD
k=0

[0193] Note that while all of ha from k=0 to n is added
together in Expression (5), for each x, the value of k for
which a value exists is limited in a case where p(x, T) has a
value only in a finite support. Thus, all of ha does not need
to be added together, and ha may be added together for each
position of x for only k for which the function p has a value.
Alternatively, even in the case of a function the support of
which is not finite like a Gaussian function, a sufficiently
small value of the function may be regarded as zero, and ha
may be added together in a region where the function has a
value not equal to zero.

[0194] Assume that the attribute distribution that is rep-
resented by the number of objects having each attribute
value (“15 males and 10 females” and the like) or by the
ratio of the attribute value (“male:female=3:2" and the like)
is desired to be calculated using Ha. This attribute distribu-
tion is a distribution that is acquired for a certain finite range.
Therefore, in a case where such an attribute distribution is
desired to be calculated, Ha(xi, tn) is calculated for each
attribute value for a range of the position xi in which the
distribution is desired to be grasped. For example, in a case
where the attribute value of the attribute A is a or b, Ha(xi,
tn) and Hb(xi, tn) are calculated. By using Ha(xi, tn) and
Hb(xi, tn), an attribute distribution “N(a)=Ha(xi, tn), N(b)
=Hb(xi, n)” that is represented by the number of objects
having each attribute value, or an attribute distribution
“a:b=Ha(xi, tn):Hb(xi, tn)” that is represented by the ratio of
each attribute value can be calculated. Note that N(a) means
the number of objects having a as the attribute value.

[0195] <Case Where Plurality of Flows of Crowds Are
Present in Fixed Camera 10>

[0196] A plurality of flows of crowds may be present in the
capturing range of the fixed camera 10. FIGS. 14A and 14B
are diagrams illustrating a scene in which a plurality of flows
of crowds are present. In FIGS. 14A and 14B, a crowd
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moving in the leftward direction and a crowd moving in the
rightward direction are present in the capturing range of the
fixed camera 10.

[0197] In a case where a plurality of flows are present, the
estimating unit 2060 sets the estimation range for each
crowd of a different flow and estimates the attribute distri-
bution for each estimation range. For example, in FIGS. 14A
and 14B, the estimating unit 2060 estimates the attribute
distribution for two estimation ranges including the estima-
tion range 60-1 positioned on the left side from the capturing
range of the moving camera 20, and the estimation range
60-2 positioned on the right side from the capturing range of
the moving camera 20.

[0198] In the case of setting the estimation range for each
crowd having a different moving direction, the first analyz-
ing unit 2020 calculates the moving velocity of each crowd
having a different moving direction. For example, in FIGS.
14A and 14B, the first analyzing unit 2020 calculates the
moving velocities of the crowd moving in the leftward
direction and the crowd moving in the rightward direction.
The first analyzing unit 2020 calculates the position of the
estimation range 60-1 and the position of the estimation
range 60-2 based on each calculated moving velocity.

[0199] In FIG. 14A, the attribute distribution that repre-
sents the ratio of the attribute value (male:female=1:3) is
calculated for the estimation range 60. Therefore, the esti-
mating unit 2060 estimates the attribute distribution in both
of the estimation range 60-1 and the estimation range 60-2
to be “male:female=1:3" which is the same as the attribute
distribution in the capturing range of the moving camera 20.

[0200] In FIG. 14B, the attribute distribution that repre-
sents the number of objects having each attribute value is
calculated for the estimation range 60. In this case, the
estimating unit 2060 estimates the total number of objects
included in the estimation range 60-1 and the total number
of'objects included in the estimation range 60-2 based on the
flow of each crowd in the capturing range of the fixed
camera 10. For example, the estimating unit 2060 calculates
the crowd density of the crowd moving in the leftward
direction and the crowd density of the crowd moving in the
rightward direction in the capturing range of the fixed
camera 10. The estimating unit 2060 sets the total number of
objects included in the estimation range 60-1 to be a value
that is acquired by multiplying the crowd density of the
crowd moving in the leftward direction in the capturing
range of the fixed camera 10 and the area of the estimation
range 60-1. Similarly, the estimating unit 2060 sets the total
number of objects included in the estimation range 60-2 to
be a value that is acquired by multiplying the crowd density
of the crowd moving in the rightward direction in the
capturing range of the fixed camera 10 and the area of the
estimation range 60-2. Note that, for example, the estimating
unit 2060 sets the area of the capturing range of the fixed
camera 10 to be the area of the estimation range 60-1 and the
estimation range 60-2.

[0201] In FIG. 14B, the crowd density of the crowd
moving to the left is 4 people/m?, and the crowd density of
the crowd moving to the right is 3 people/>. The area of the
estimation range is 10 m® which is the same as the area of
the capturing range 14. Thus, the estimating unit 2060
estimates the total number of objects included in the esti-
mation range 60-1 to be 40, and the total number of objects
included in the estimation range 60-2 to be 30.
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[0202] Furthermore, the estimating unit 2060 estimates the
ratio of the attribute value in the estimation range 60-1 and
the estimation range 60-2 to be the same as the ratio of the
attribute value in the capturing range of the moving camera
20. The estimating unit 2060 calculates the attribute distri-
bution (the number of objects having each attribute value) in
the estimation range from the total number of objects
included in the estimation range 60-1 and the ratio of the
attribute value in the estimation range 60-1. Similarly, the
estimating unit 2060 calculates the attribute distribution in
the estimation range 60-2 from the total number of objects
included in the estimation range 60-2 and the ratio of the
attribute value in the estimation range 60-2.

[0203] InFIG. 14B, the ratio of males to females included
in the crowd in the capturing range 24 is 1:3. Therefore, from
this ratio and the total number of objects estimated for each
estimation range 60, the estimating unit 2060 estimates the
attribute distribution in the estimation range 60-1 to be “10
males and 10 females”, and the attribute distribution in the
estimation range 60-2 to be “7.5 males and 22.5 females”.
Note that while the attribute distribution in the capturing
range of the moving camera is applied in the same manner
for each direction, the attribute distribution may be indi-
vidually calculated for each direction in a case where a
crowd moving in each direction can be separated, and the
attribute of each crowd can be individually estimated.

[0204] <Superposition of Plurality of Attribute Distribu-
tions>
[0205] Attribute distributions in a plurality of estimation

ranges 60 that are estimated using different moving cameras
20 may overlap each other along with elapse of time. FIG.
15 is a diagram illustrating a scene in which a plurality of the
moving cameras 20 are present. In FIG. 15, the estimation
range 60-1 for which the attribute distribution is estimated
based on the attribute distribution calculated for the captur-
ing range 24 of a moving camera 20-1 overlaps the estima-
tion range 60-2 for which the attribute distribution is esti-
mated based on the attribute distribution calculated for the
capturing range 24 of a moving camera 20-2.

[0206] In a case where a plurality of the estimation ranges
60 overlap each other at a certain position, the estimating
unit 2060 estimates the attribute distribution at the position
by superposing the attribute distribution in each estimation
range 60 using a predetermined rule. For example, the
estimating unit 2060 sets the attribute distribution at the
position to be an attribute distribution that is calculated by
statistically processing the attribute distributions in the plu-
rality of estimation ranges 60.

[0207] At this point, the estimating unit 2060 may calcu-
late the weighted mean of the attribute distributions in the
plurality of estimation ranges 60 by attributing a weight to
the attribute distribution in each estimation range 60 such
that a larger weight is attributed to an attribute distribution
having higher reliability. There are various methods of
ranking the reliability of the attribute distribution in each
estimation range 60. For example, the estimating unit 2060
sets higher reliability for the attribute distribution in the
estimation range 60 having a shorter distance from the
position of the moving camera 20 used for generating the
attribute distribution. When the estimation range 60 is apart
from the position of the moving camera 20 used for gener-
ating the attribute distribution, it is highly likely that the
degree of difference between the actual motion of the crowd
and the expected motion of the crowd is increased. For the
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same reason, the estimating unit 2060 may set higher
reliability for the attribute distribution in the estimation
range 60 for which a smaller amount of time elapses from
the time of calculation of the attribute distribution.

[0208] Alternatively, the estimating unit 2060 may decide
the reliability using information related to a path such as the
map information. For example, in a case where a location in
which the crowd is likely to stay is present half way through,
the velocity or the distribution of the crowd may be changed
in the location. Therefore, the estimating unit 2060 may
determine whether or not a location satisfying a predeter-
mined condition (the likelihood of the crowd staying, and
the like) is included on a path between the current location
of the estimation range and a location where the estimation
range 60 is generated, and set the reliability of the attribute
distribution in the estimation range 60 for which it is
determined that such a location is included, to be lower than
the reliability of the attribute distribution for which it is
determined that such a location is not included. The prede-
termined condition may be set in advance in the estimating
unit 2060, stored in the storage device that can be accessed
from the estimating unit 2060, or set by the user.

[0209] Alternatively, instead of the map information, a
similar determination may be performed using information
on the likelihood of staying and the like that is measured in
advance. Alternatively, instead of the measured information,
information that is estimated by simulating the movement of
the crowd may be used. Various well-known crowd simu-
lation technologies can be used.

[0210] The second analyzing unit 2040 may use the attri-
bute distribution estimated by the estimating unit 2060 to
improve the accuracy of calculation of the attribute value of
each object that is subsequently executed. Specifically,
based on the estimated attribute distribution, the second
analyzing unit 2040 recognizes that an object having a
characteristic attribute value for a certain specific attribute
(for example, a person having difficulty in walking) is
present around the capturing range of a certain moving
camera 20 or approaches the capturing range of the moving
camera 20. The second analyzing unit 2040 detects the
specific attribute in detail when calculating the attribute
value for each object captured in the second surveillance
image 22 generated by the moving camera 20.

[0211] For example, the second analyzing unit 2040
changes an algorithm for calculating the attribute value of
the specific attribute to an algorithm that is more detailed
than a generally used algorithm. For example, the second
analyzing unit 2040 changes an algorithm of detecting a
wheelchair from a relatively simple algorithm of detecting a
wheelchair from the whole shape of each object to a detailed
algorithm of detecting a wheelchair by examining small
parts and the like.

[0212] When the algorithm of detecting a wheelchair from
the whole shape of each object is used, the second analyzing
unit 2040 may not be able to detect a wheelchair in a case
where, for example, a part of the wheelchair captured in the
second surveillance image 22 is covered by another person
and not seen. On the other hand, when the algorithm of
examining small parts is used, the second analyzing unit
2040 can detect the wheelchair at a high probability even if
a part of the wheelchair is covered. Alternatively, the second
analyzing unit 2040 may increase the detection rate by
changing the algorithm of detecting the whole shape of each
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object to use a dictionary that is acquired by learning
recognition for each direction.

[0213] <Method of Calculating Capturing Range>
[0214] Various processes described thus far use the cap-
turing range of the fixed camera 10 and the capturing range
of the moving camera 20. A method of calculating those
capturing ranges will be described.

[0215] The capturing range of the fixed camera 10 can be
calculated based on camera parameters of the fixed camera
10 at a time when the first surveillance image 12 is gener-
ated. The camera parameters are parameters that represent
the position, the pose (the angle of rotation in the horizontal
direction and the angle of rotation in the vertical direction),
the magnitude of the angle of view (zoom ratio), and the like
of a camera. The information processing apparatus 2000
calculates the capturing range (a space in the real world) of
the fixed camera 10 using the map information and the value
of each parameter. A well-known technique can be used for
the method of calculating the capturing range of the camera
using the map information, the position of the camera, the
pose of the camera, and the angle of view of the camera.
Note that since the position of the fixed camera 10 is fixed,
a relationship between the capturing range of the fixed
camera 10 and the camera parameters of the fixed camera 10
can be set in advance.

[0216] There are various methods of acquiring the camera
parameters of the fixed camera 10 at the time when the first
surveillance image 12 is generated. For example, the camera
parameters are included in metadata of the first surveillance
image 12. Alternatively, for example, the camera parameters
of'the fixed camera 10 can be acquired from a control device
that controls the pose of the fixed camera 10. In this case, for
example, the information processing apparatus 2000
acquires a pair of information indicating a time and the
camera parameters of the fixed camera 10 at that time. Note
that since the position of the fixed camera 10 is fixed, the
camera parameter that represents the position of the fixed
camera 10 can be recognized in advance.

[0217] The capturing range of the moving camera 20 can
be calculated based on the map information and camera
parameters of the moving camera 20 at a time when the
second surveillance image 22 is generated. The value of a
parameter representing the position of the moving camera 20
can be recognized using, for example, a global positioning
system (GPS) sensor that is installed in the moving camera
20. The value of a parameter representing the inclination of
the moving camera 20 in the vertical direction can be
recognized using, for example, an acceleration sensor that is
installed in the moving camera 20. The value of a parameter
representing the inclination of the moving camera 20 in the
horizontal direction can be recognized using, for example,
an electronic compass that is installed in the moving camera
20. The value of a parameter representing the magnitude of
the angle of view of the moving camera 20 can be acquired
from, for example, a control device that controls the moving
camera 20. For example, in a case where the moving camera
20 is a camera that is installed in a portable terminal, the
parameter representing the angle of view of the moving
camera 20 can be acquired from the portable terminal.
Similarly, when the GPS sensor, the acceleration sensor, the
electronic compass, and the like are installed in the portable
terminal, the information processing apparatus 2000 can
acquire the values of the parameter representing the position
of the moving camera 20, the parameter representing the
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inclination of the moving camera 20 in the vertical direction,
and the parameter representing the inclination of the moving
camera 20 in the horizontal direction from the portable
terminal. Note that the method of acquiring the value of each
parameter is not limited to the above method.

[0218] The information processing apparatus 2000 calcu-
lates the capturing range (a space in the real world) of the
moving camera 20 using the map information and the value
of each parameter. A well-known technique can be used for
the method of calculating the capturing range of the camera
using the map information, the position of the camera, the
pose of the camera, and the angle of view of the camera.
[0219] The method of acquiring the camera parameters of
the moving camera 20 at the time when the second surveil-
lance image 22 is generated is the same as the method of
acquiring the camera parameters of the fixed camera 10 at
the time when the first surveillance image 12 is generated.
[0220] <Association between Fixed Camera 10 and Mov-
ing Camera 20>

[0221] As described above, the estimating unit 2060 esti-
mates the flow of the crowd in the capturing range of the
moving camera 20 based on the flow of the crowd in the
capturing range of the fixed camera 10. In a case where a
plurality of the fixed cameras 10 are present, the estimating
unit 2060 uses one or more fixed cameras 10 in order to
estimate the flow of the crowd in the capturing range of a
certain moving camera 20.

[0222] At this point, there are various methods of deciding
which fixed camera 10 is to be used. For example, one or
more fixed cameras 10 are associated in advance with the
moving camera 20. In this case, in order to estimate the flow
of the crowd in the capturing range of a certain moving
camera 20, the estimating unit 2060 uses the fixed cameras
10 that are associated in advance with the moving camera
20. The association may be set in advance in the estimating
unit 2060, stored in the storage device that can be accessed
from the estimating unit 2060, or set by the user.

[0223] Alternatively, for example, in order to estimate the
flow of the crowd in the capturing range of a certain moving
camera 20, the estimating unit 2060 may use the fixed
camera 10 that has a short distance from the moving camera
20. For example, the estimating unit 2060 estimates the flow
of'the crowd in the capturing range of the moving camera 20
using the fixed camera 10 that has the shortest distance from
the moving camera 20.

[0224] Note that in the case of estimating the flow of the
crowd in the capturing range of the moving camera 20 using
the plurality of fixed cameras 10, the estimating unit 2060
estimates the flow of the crowd in the capturing range of the
moving camera 20 based on the flow of the crowd in the
capturing range of each fixed camera 10. The estimating unit
2060 estimates the flow of the crowd in the capturing range
of the moving camera 20 by statistically processing the
plurality of estimated flows. At this point, the estimating unit
2060 may calculate a weighted mean by assigning a larger
weight to the flow that is estimated using the fixed camera
10 having a shorter distance from the moving camera 20. It
is considered that the estimation accuracy is higher for the
flow that is estimated using the fixed camera 10 having a
shorter distance from the moving camera 20.

[0225] <Relationship between Data Used for Estimation
and Estimation Timing>

[0226] There are various relationships between a time
when various types of data (the first surveillance image 12
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and the second surveillance image 22) used for generating
the attribute distribution by the information processing appa-
ratus 2000 are generated, and for which time the attribute
distribution is generated. FIGS. 16A-16C are diagrams
illustrating a relationship between the time when the data is
generated, and the time when the attribute distribution is
generated. In FIG. 16A, the estimating unit 2060 estimates
the attribute distribution related to a certain time using data
that is generated before the time. In FIG. 16B, the estimating
unit 2060 estimates the attribute distribution related to a
certain time using data that is generated after the time. In
addition, in FIG. 16C, the estimating unit 2060 estimates the
attribute distribution related to a certain time using both the
data generated before the time and the data generated after
the time.

[0227] A method of estimating the attribute distribution
related to a certain time using the data generated after the
time will be described. As described above, the information
processing apparatus 2000 estimates the attribute distribu-
tion of objects in a range not included in the capturing range
of the moving camera 20 by moving the attribute distribu-
tion of the objects in the capturing range of the moving
camera 20 based on the flow of the crowd in the capturing
range of the fixed camera 10. At this point, the attribute
distribution for a time before the time when the first sur-
veillance image 12 and the second surveillance image 22 are
generated can be estimated by performing the process of
“moving the attribute distribution of the objects in the
capturing range of the moving camera 20 in a direction to
the past.

[0228] FIGS. 17A and 17B are diagrams illustrating the
method of estimating the attribute distribution related to a
certain time using the data generated after the time. In FIG.
17A, at time t, a crowd having an attribute distribution of
“male:female=1:2" is moving in the rightward direction at a
velocity of 10 m/s. Assume that the unit of time is seconds.
[0229] From the flow and the attribute distribution of the
crowd, this crowd at time t-1 which is one second before
time t is estimated to be positioned from its position at time
t by 10 m in the leftward direction. Therefore, the estimating
unit 2060 estimates the attribute distribution for the estima-
tion range 60-1 at time t-1 as illustrated in FIGS. 17A and
17B.

[0230] Assume that the above method of estimating the
attribute distribution of the estimation range using the dis-
tribution function p is used in the case of estimating the
attribute distribution at a certain time using the data gener-
ated after the time. In this case, the position of the crowd at
certain time t_-n in the past is represented by Expression
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[0231] The estimating unit 2060 acquires the distribution
ha(x, t_-k) at time t_-k=t0-k/At using Expression (6).
[0232] By estimating the attribute distribution related to a
certain time using the data generated after the time, it is
possible to estimate the attribute distribution of the objects
at the time including the attribute distribution of the objects
that cannot be grasped from the data generated before the
time. For example, in a usage environment where a certain
degree of delay is allowed in the estimation of the attribute
distribution, a more detailed attribute distribution can be
grasped using information in the future (data generated after
a certain time) as illustrated in FIG. 16C.
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[0233] <Method of Using Attribute Distribution>

[0234] The attribute distribution estimated by the infor-
mation processing apparatus 2000 can be used in various
forms. For example, it is achieved to appropriately support
the crowd by grasping the attribute distribution in the
location of the surveillance target.

[0235] Forexample, according to the information process-
ing apparatus 2000, it is possible to grasp the distribution of
the crowd that needs support in the location of the surveil-
lance target. The crowd that needs support is exemplified by
a crowd that includes a senior person, a child, a person
having difficulty in walking, or the like. By grasping the
distribution of such a crowd, it is possible to appropriately
assign a security guard (including a so-called guide who
performs only guiding) to a location where a large number
of people need support.

[0236] Assume that the information processing apparatus
2000 is a terminal used at a surveillance center from which
instructions are provided to security guards. In this case, an
administrator at the surveillance center recognizes a location
where a crowd that needs support is present. In a case where
the number of security guards is insufficient in the location,
the administrator can direct a security guard in a different
location (for example, a location where a large number of
people do not need support) to the location.

[0237] Assume that the information processing apparatus
2000 is a portable terminal that is used by each security
guard on site. In this case, the security guards can grasp the
distribution of the crowd needing support using their por-
table terminals. In a case where the number of security
guards is insufficient in a location where a large number of
such crowds are present, each security guard can support the
crowd needing support by going to the location.

[0238] Another example of people who need support is
exemplified by foreigners. For example, it is preferable to
assign a security guard who speaks English to a location
where a large number of foreigners using English are
distributed. Therefore, by grasping the distribution of for-
eigners using the information processing apparatus 2000, it
is possible to recognize the location to which a security
guard is to be deployed, and the language that the security
guard is to speak.

[0239] In crowd surveillance in a sports match venue, it is
preferable to appropriately guide supporters of a losing
team. Generally, supporters of a losing team feel frustration.
Thus, it is preferable to reduce the frustration of the sup-
porters of the losing team by politely treating the supporters
of the losing team such as guiding the supporters of the
losing team to leave the sports match venue preferentially
over supporters of a winning team. In addition, it is prefer-
able to appropriately separate paths of the supporters such
that the supporters of the winning team do not meet the
supporters of the winning team.

[0240] Therefore, the administrator at the surveillance
center or a security guard grasps the distribution of the
supporters of the winning team and the supporters of the
losing team using the information processing apparatus
2000. By doing so, the administrator or the security guard
can grasp whether or not the above various types of guiding
are being appropriately performed.

[0241] For example, assume that it is grasped using the
attribute distribution that the motion of the supporters of the
losing team is stagnant whereas an amount of motion of the
supporters of the winning team is large. In this case, it is
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understood that guiding such that “the supporters of the
losing team leaves the sports match venue preferentially” is
not being appropriately performed. In addition, for example,
by recognizing that the supporters of the winning team and
the supporters of the losing team are distributed in the same
location, it is understood that guiding such that “the sup-
porters of the winning team do not meet the supporters of the
winning team” is not being appropriately performed. By
causing the security guard to grasp those situations, it is
possible to perform appropriate guiding by, for example,
changing the layout of security guards.

[0242] In addition, the attribute distribution that is grasped
using the information processing apparatus 2000 can be used
for product sales. For example, in a case where a salesperson
sells products at an event venue and the like, it is possible
to grasp in which location what goods are going to be sold
by grasping the attribute distribution. For example, it is
preferable to direct a salesperson having goods for females
to a location where a large number of females are distrib-
uted.

[0243] In addition, in a case where a salesperson sells
goods while moving in an event venue, the moving path of
the salesperson can be optimized by grasping the attribute
distribution. For example, a salesperson having goods for
females has more opportunities of selling goods when
passing along a path where a large number of females are
distributed, than when passing along a path where a large
number of males are distributed. Therefore, in such a case,
the distribution of females is grasped using the information
processing apparatus 2000, and the moving path of the
salesperson is decided such that the salesperson always
passes through a location where females are distributed. By
doing so, a more number of goods can be sold.

[0244] The above method of use handles a person as an
object. However, as described above, each object may be
other than a person. For example, assume that the informa-
tion processing apparatus 2000 handles a vehicle as an
object. In this case, the attribute of each object is, for
example, the type of the vehicle (a passenger car, a bus, a
truck, a taxi, a tank lorry, or the like).

[0245] By handling such an attribute in the information
processing apparatus 2000, for example, the distribution of
vehicles on the road can be grasped for each type of vehicle.
For example, the cause of congestion can be found by
grasping such a distribution for a road where congestion is
likely to occur. For example, when a phenomenon in which
large vehicles that are likely to have a low velocity are
concentrated in one place at a certain time period is found,
such a phenomenon may be the cause of congestion.

[0246] In addition, for example, a location where trans-
portation is insufficient can be determined by secing the
distribution of buses or taxis. Paths through which buses
pass can be recognized by seeing a route map and the like
of buses. However, only the paths through which the buses
may pass can be found on the route map, and it is impossible
to grasp the actual distribution of buses at a certain time.
Thus, even when the route map is used, it is impossible to
grasp a state where transportation such as buses and taxis is
insufficient in a specific place at a certain time period. On the
other hand, when the information processing apparatus 2000
is used, the actual distribution of buses and taxis can be
grasped. Thus, it is possible to grasp a state where trans-
portation is insufficient.
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[0247] <Method of Grasping Attribute Distribution>
[0248] There are various methods of causing the user of
the information processing apparatus 2000 to grasp the
attribute distribution. For example, the estimating unit 2060
superimposes the calculated attribute distribution on the map
of the location of the surveillance target and outputs the
superimposed map. For example, this map is displayed on a
display device. This display device may be connected to the
information processing apparatus 2000, or may be con-
nected to other apparatuses. In the case of displaying the
map on the display device that is connected to an apparatus
other than the information processing apparatus 2000, the
information processing apparatus 2000 transmits informa-
tion representing the map to the apparatus to which the
display device is connected.

[0249] FIG. 18 is a diagram illustrating a map 200 that is
displayed on a display device 70. The surveillance target in
FIG. 18 is the indoor floor. In FIG. 18, a plurality of the fixed
cameras 10 are installed. In addition, a plurality of the
moving cameras 20 are present. In FIG. 18, the positions of
the fixed cameras 10 and the moving cameras 20 are
displayed by icons. Note that the positions of the fixed
cameras 10 and the positions of the moving cameras 20 on
the map 200 can be calculated using positional information
of the fixed cameras 10, positional information of the
moving cameras 20, and positional information represented
by the map 200. In addition, in a case where the arrangement
of the fixed cameras 10 is fixed, the positions of the fixed
cameras may be illustrated on the map 200 in advance. In
addition, information that indicates the type of each moving
camera 20 may be displayed together. For example, this
information is information with which it is possible to
identify whether each moving camera 20 is a moving camera
worn by a security guard or a moving camera equipped in a
robot. In addition, information related to the security guard
or the robot may be provided together. This information is
information that indicates whether or not the security guard
speaks a specific foreign language, information that indi-
cates whether or not the security or the robot carries a device
providing machine translation, or the like.

[0250] The information processing apparatus 2000 repeat-
edly estimates the attribute distribution using the plurality of
fixed cameras 10 and the plurality of moving cameras 20.
Consequently, the attribute distribution is estimated for
various locations on the map 200. FIG. 19 is a diagram
illustrating the map 200 on which the estimated attribute
distribution is superimposed. In FIG. 19, the attribute dis-
tribution is represented by a histogram. This histogram
represents the ratio of senior people to other people. A
location in dark color represents a location where the ratio
of senior people is high. The administrator at the surveil-
lance center, the security guard on site, and the like can grasp
the attribute distribution by seeing the map 200. Specifically,
it is possible to grasp the location where a large number of
senior people are distributed.

[0251] As illustrated using FIGS. 8A and 8B and FIGS.
9A and 9B, based on the flow of the crowd and the attribute
distribution of the objects calculated for a certain time, the
information processing apparatus 2000 can estimate the
attribute distribution of the objects in the estimation range
60 not included in the capturing range 24 at a time in the
future from the time. For example, in FIGS. 8A and 8B, the
attribute distribution of the objects in the estimation range
60-1 at time t+1 is estimated based on the flow of the crowd
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in the capturing range 14 of the fixed camera 10 and the
attribute distribution of the objects in the capturing range 24
of the moving camera 20 calculated for time t. Thus,
according to the information processing apparatus 2000, the
attribute distribution in the future can be estimated.

[0252] Note that in the example where the estimation
range 60 having an infinite area is handled, the attribute
distribution that is estimated for time tn in the future is
output by setting tn in Expression (5) to a time in the future.
[0253] By grasping the attribute distribution in the future,
an event that may occur in the future can be dealt with in
advance. For example, by estimating the attribute distribu-
tion in the future, the security guard and the like can
recognize an event in the future such that “a bottleneck
occurs due to an increase in the density of people having
difficulty in walking in a certain location, and a smooth flow
of the crowd is hindered”, an event in the future such that
“the supporters of the losing team merge with the supporters
of the winning team in a certain location”, and the like in
advance. In such a case, the occurrence of such an event can
be prevented in advance by directing the security guard to
the location in advance to perform appropriate guiding. In
addition, for example, when a salesperson can grasp the
attribute distribution in the future such that “a large number
of females gather in a certain location”, goods can be
smoothly sold by making the salesperson to move to the
location with goods for females in advance.

Example Embodiment 2

[0254] FIG. 20 is a block diagram illustrating the infor-
mation processing apparatus 2000 of Example Embodiment
2. The information processing apparatus 2000 of Example
Embodiment 2 has the same function as the information
processing apparatus 2000 of Example Embodiment 1
except for the points described below.

[0255] The information processing apparatus 2000 of
Example Embodiment 2 has a model acquiring unit 2080.
The model acquiring unit 2080 acquires a movement model
that indicates the feature of the movement of the crowd for
each attribute value for a certain attribute. For example, the
movement model indicates a different moving velocity for
each attribute value.

[0256] The estimating unit 2060 uses the attribute distri-
bution calculated for the capturing range of the moving
camera 20 at a certain time to calculate the distribution of
each object having different attribute values for a subsequent
different time. That is, the estimating unit 2060 calculates
the attribute distribution of the crowd having each attribute
value by considering that the crowd included in the captur-
ing range of the moving camera 20 at a certain time is being
divided into a plurality of crowds having different attribute
values as time elapses.

[0257] FIGS. 21A-21C are diagrams illustrating a scene in
which the crowd included in the capturing range of the
moving camera 20 is divided into a plurality of crowds
having different attribute values. At time t0, people having
different attribute values such as a child, a youth, and a
senior person are mixed in a crowd 30-1. The moving
velocity of each person is increased in the order of a youth,
a child, and a senior person. Then, at time t1, a crowd 30-2
of youths, a crowd 30-3 of children, and a crowd 30-4 of
senior people in this order move to a position separated from
the initial position. At time t2, the distances among the
crowds are further increased.
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[0258] Expression (7) is a specific example of the move-
ment model and is one example of a movement model
corresponding to the age bracket. In a case where the
magnitude of the flow vector calculated for the whole crowd
is v, m(a, v) represents the velocity of the crowd of objects
having a as the attribute value of the age bracket.

09xv ... a=Children 7
m(a, v) = {v ... a = Adults
0.8xv ... @ = Senior People

[0259] Assume that the estimating unit 2060 calculates the
attribute distribution for the specified range having an infi-
nite area that is described as one example in Example
Embodiment 1. In this case, the estimating unit 2060 uses
Expression (8) instead of Expression (2) as an expression for
calculating the position xn(tn) of the crowd having a as the
attribute value of the attribute A at time tn=tO+nAt.

X)L (0, V(1) 1)) A ®)

[0260] Note that the method of acquiring the movement
model by the model acquiring unit 2080 is not limited. For
example, the movement model may be set in advance in the
model acquiring unit 2080, stored in a storage device that
can be accessed from the model acquiring unit 2080, or set
by the user.

[0261]

[0262] The information processing apparatus 2000 of
Example Embodiment 2 is implemented using the computer
1000 in the same manner as Example Embodiment 1 (refer
to FIG. 4). In the present example embodiment, the program
modules stored in the storage 1080 further include a pro-
gram that implements each function described in the present
example embodiment.

[0263] <Advantageous Effect>

[0264] According to the present example embodiment, the
flow of the crowd is estimated using the movement model
that is set in association with the attribute. Thus, the flow of
the crowd can be estimated with higher accuracy. Conse-
quently, the attribute distribution can be estimated with
higher accuracy.

<Hardware Configuration Example>

Example Embodiment 3

[0265] FIG. 22 is a block diagram illustrating the infor-
mation processing apparatus 2000 of Example Embodiment
3. The information processing apparatus 2000 of Example
Embodiment 3 has the same function as the information
processing apparatus 2000 of Example Embodiment 1
except for the points described below.

[0266] The information processing apparatus 2000 of
Example Embodiment 3 has a control information generat-
ing unit 2100. The control information generating unit 2100
generates control information based on the attribute distri-
bution. The control information generating unit 2100 dis-
plays the generated control information on a display device
or notifies the user of the generated control information by
email and the like. This display device may be connected to
the information processing apparatus 2000, or may be con-
nected to other apparatuses. In the case of displaying the
control information on the display device that is connected
to an apparatus other than the information processing appa-
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ratus 2000, the information processing apparatus 2000 trans-
mits the control information to the apparatus to which the
display device is connected.

[0267] The control information indicates various types of
information. For example, the control information indicates
a location where a large number of objects having a specific
attribute value are present. In this case, the control infor-
mation generating unit 2100 generates the control informa-
tion based on the distribution of an attribute related to an
attribute value for which support is needed. For example, in
a case where the density of objects having a specific attribute
value is higher than or equal to a predetermined value in a
certain location, the control information generating unit
2100 generates the control information that indicates the
location.

[0268] The control information generating unit 2100 may
generate and provide different control information according
to the magnitude of the density of objects. For example, the
control information generating unit 2100 generates control
information that indicates the degree of necessity of support
for each range by superimposing a yellow frame in a range
where the degree of the density of objects is medium (for
example, higher than or equal to a first threshold and lower
than or equal to a second threshold), and superimposing a
red frame in a range where the density of objects is high (for
example, higher than or equal to the second threshold) on the
map 200 illustrated in FIG. 19. Note that in addition to the
method of superimposing the frame, the method of provision
can use various methods such as a method of superimposing
specific color in a region, and a method of flashing the
frame. In addition, the first threshold and the second thresh-
old may be stored in advance in the control information
generating unit 2100, stored in a storage device that can be
accessed from the control information generating unit 2100,
or set by the user.

[0269] The specific attribute value is an attribute value that
represents an object such as a senior person or a person
having difficulty in walking who needs support of the
security guard and the like. For example, in the case of
generating the control information that indicates the location
where a large number of senior people are present, the
control information generating unit 2100 uses the attribute
distribution related to the age bracket.

[0270] By generating such control information, the user
(security guard and the like) of the information processing
apparatus 2000 can recognize a location where a large
number of objects having a specific attribute value (for
example, objects needing support) are present. Thus, crowd
guiding and the like can be more appropriately performed.

[0271] Note that the control information may indicate a
location where a large number of objects having a specific
attribute value are present, and where a security guard is not
deployed nearby. In this case, the control information gen-
erating unit 2100 uses information representing the layout of
security guards in addition to the attribute distribution. The
position of each security guard can be determined based on
positional information (GPS coordinates and the like) of the
portable terminal possessed by each security guard.

[0272] By generating such control information, the layout
of security guards can be appropriately changed by, for
example, directing a security guard to a place of senior
people where support is insufficient. Consequently, crowd
guiding and the like can be more appropriately performed.
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[0273] In addition, for example, the control information
may indicate a location where the reliability of the attribute
distribution is considered to be low. The location where the
reliability of the attribute distribution is low is, for example,
a location where the moving camera 20 is not present
nearby. Since the attribute distribution in a range outside the
capturing range of the moving camera 20 is estimated based
on the attribute distribution calculated for the capturing
range of the moving camera 20, it is considered that the
accuracy of the estimated attribute distribution is lower for
a location having a longer distance from the moving camera
20. In addition, for example, the location where the reliabil-
ity of the attribute distribution is low is a location for which
data (the first surveillance image 12 and the second surveil-
lance image 22) used for the estimation of the attribute
distribution is old data. Since older data used in estimation
causes a larger difference between the state of the crowd at
the time when the data is generated, and the state of the
crowd at the current time, it is considered that the accuracy
of the attribute distribution is low.

[0274] For example, the control information generating
unit 2100 calculates a range of a predetermined distance
from the position of each moving camera 20 for a prede-
termined surveillance location (for example, a location
included in the map 200). When a location that is not
included in any of the calculated ranges is present in the map
200, the control information generating unit 2100 handles
the location as a location where the reliability of the attribute
distribution is low. The control information generating unit
2100 generates control information that indicates the loca-
tion. The predetermined distance may be set in advance in
the control information generating unit 2100, stored in the
storage device that can be accessed from the control infor-
mation generating unit 2100, or set by the user.

[0275] By generating such control information, it can
reduce the location where the reliability of the attribute
distribution is low by, for example, directing the security
guard possessing the moving camera 20 to the location
where the reliability of the attribute distribution is low.
Consequently, the reliability of the attribute distribution for
the whole surveillance location can be improved, and crowd
guiding and the like can be more appropriately performed.

[0276]

[0277] The information processing apparatus 2000 of
Example Embodiment 2 is implemented using the computer
1000 in the same manner as Example Embodiment 1 (refer
to FIG. 4). In the present example embodiment, the program
modules stored in the storage 1080 further include a pro-
gram that implements each function described in the present
example embodiment.

[0278] <Advantageous Effect>

[0279] According to the present example embodiment, the
above various types of control information are generated.
The security guard and the like who are the user of the
information processing apparatus 2000 can appropriately
perform crowd guiding and the like using the control infor-
mation.

[0280] While the example embodiments of the invention
are described heretofore with reference to the drawings, the
example embodiments are illustrations of the invention. A
combination of the example embodiments, or other various
configurations can also be employed.

[0281]

<Hardware Configuration Example>

Hereinafter, reference examples will be appended.
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[0282] 1. An information processing apparatus including:

[0283] a first analyzing unit that calculates a flow of a
collection of objects in a capturing range of a fixed
camera using a first surveillance image, the first sur-
veillance image being generated by the fixed camera,
the fixed camera being a camera a position of which is
fixed;

[0284] a second analyzing unit that calculates a distri-
bution of an attribute of objects in a capturing range of
a moving camera using a second surveillance image,
the second surveillance image being generated by the
moving camera, the moving camera being a camera a
position of which is not fixed; and

[0285] an estimating unit that estimates the distribution
of the attribute of the objects for an estimation range
including a range not included in the capturing range of
the moving camera based on the distribution of the
attribute of the objects in the capturing range of the
moving camera and the flow of the collection of objects
in the capturing range of the fixed camera.

[0286] 2. The information processing apparatus according
to 1,
[0287] in which the estimating unit estimates the dis-

tribution of the attribute of the objects in the estimation
range by moving the distribution of the attribute of the
objects in the capturing range of the moving camera
based on the flow of the collection of the objects in the
capturing range of the fixed camera.

[0288] 3. The information processing apparatus according
to 2,
[0289] in which in a case where the capturing ranges of

the fixed camera and the moving camera do not overlap
each other, the estimating unit estimates a flow of a
collection of objects in the capturing range of the
moving camera based on the flow of the collection of
the objects in the capturing range of the fixed camera,
and estimates the distribution of the attribute of the
objects in the estimation range by moving the distri-
bution of the attribute of the objects in the capturing
range of the moving camera based on the estimated
flow of the collection of the objects.

[0290] 4. The information processing apparatus according

to 2, further including:

[0291] a movement model acquiring unit that acquires,
in association with an attribute value of an object, a
movement model which represents a feature of move-
ment of that object,

[0292] in which the estimating unit calculates a flow of
each collection of objects having a different attribute
value based on the flow of the collection of the objects
in the capturing range of the fixed camera and the
movement model, and estimates the distribution of the
attribute of the objects in the estimation range by
moving the distribution of the attribute of the objects in
the capturing range of the moving camera based on the
flow of each collection of objects having a different
attribute value.

[0293] 5. The information processing apparatus according
to any one of 1 to 4,

[0294] in which the first analyzing unit calculates den-
sity of the collection of the objects in the capturing
range of the fixed camera using the first surveillance
image, and

[0295] the estimating unit estimates the number of
objects having each attribute value for the estimation
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range by calculating density of a collection of objects
in the estimation range as the same density as the
density of the collection of the objects in the capturing
range of the fixed camera.
[0296] 6. The information processing apparatus according
to any one of 1 to 5, further including:

[0297] a control information generating unit that gen-
erates control information which indicates a location
where a large number of objects having a predeter-
mined attribute value are present in the estimated
attribute distribution, or a location where reliability of
the estimated attribute distribution is low.

[0298] 7. The information processing apparatus according
to any one of 1 to 6, in which a collection of objects captured
in the first surveillance image and a collection of objects
captured in the second surveillance image have at least a part
of objects in common.

[0299] 8. The information processing apparatus according
to any one of 1 to 7,

[0300] inwhich each object is a person, and the attribute
of each object is an age bracket, a sex, nationality, a
group to which the object belongs, presence of belong-
ings, or whether or not the object is a person having
difficulty in walking.

[0301] 9. The information processing apparatus according
to any one of 1 to 8,

[0302] in which the capturing range of the fixed camera

is wider than the capturing range of the moving camera.

[0303] 10. A control method executed by a computer,
including:
[0304] a first analyzing step of calculating a flow of a

collection of objects in a capturing range of a fixed
camera using a first surveillance image, the first sur-
veillance image being generated by the fixed camera,
the fixed camera being a camera a position of which is
fixed;

[0305] a second analyzing step of calculating a distri-
bution of an attribute of objects in a capturing range of
a moving camera using a second surveillance image,
the second surveillance image being generated by the
moving camera, the moving camera being a camera a
position of which is not fixed; and

[0306] an estimating step of estimating the distribution
of the attribute of the objects for an estimation range
including a range not included in the capturing range of
the moving camera based on the distribution of the
attribute of the objects in the capturing range of the
moving camera and the flow of the collection of objects
in the capturing range of the fixed camera.

[0307] 11. The control method according to 10,

[0308] in which in the estimating step, the distribution
of the attribute of the objects in the estimation range is
estimated by moving the distribution of the attribute of
the objects in the capturing range of the moving camera
based on the flow of the collection of the objects in the
capturing range of the fixed camera.

[0309] 12. The control method according to 11,

[0310] in which in a case where the capturing ranges of
the fixed camera and the moving camera do not overlap
each other, in the estimating step, a flow of a collection
of objects in the capturing range of the moving camera
is estimated based on the flow of the collection of the
objects in the capturing range of the fixed camera, and
the distribution of the attribute of the objects in the
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estimation range is estimated by moving the distribu-
tion of the attribute of the objects in the capturing range
of the moving camera based on the estimated flow of
the collection of the objects.

[0311] 13. The control method according to 11, further
including:
[0312] a movement model acquiring step of acquiring,

in association with an attribute value of an object, a
movement model which represents a feature of move-
ment of that object,

[0313] in which in the estimating step, a flow of each
collection of objects having a different attribute value is
calculated based on the flow of the collection of the
objects in the capturing range of the fixed camera and
the movement model, and the distribution of the attri-
bute of the objects in the estimation range is estimated
by moving the distribution of the attribute of the objects
in the capturing range of the moving camera based on
the flow of each collection of objects having a different
attribute value.

[0314] 14. The control method according to any one of 10
to 13,
[0315] in which in the first analyzing step, density of the

collection of the objects in the capturing range of the
fixed camera is calculated using the first surveillance
image, and

[0316] in the estimating step, the number of objects
having each attribute value is estimated for the estima-
tion range by calculating density of a collection of
objects in the estimation range as the same density as
the density of the collection of the objects in the
capturing range of the fixed camera.

[0317] 15. The control method according to any one of 10
to 14,
[0318] in which in the first analyzing step, density of the

collection of the objects in the capturing range of the
fixed camera for a plurality of times is calculated using
each of a plurality of the first surveillance images, in
the second analyzing step, density of the collection of
the objects in the capturing range of the moving camera
for a plurality of times is calculated using each of a
plurality of the second surveillance images, and

[0319] in the estimating step, the distribution of the
attribute of the objects in the estimation range is
estimated based on the distribution of the attribute of
the objects in the capturing range of the moving camera
and the flow of the collection of the objects in the
capturing range of the fixed camera.

[0320] 16. The control method according to any one of 10
to 15, further including:

[0321] a control information generating step of gener-
ating control information which indicates a location
where a large number of objects having a predeter-
mined attribute value are present in the estimated
attribute distribution, or a location where reliability of
the estimated attribute distribution is low.

[0322] 17. The control method according to any one of 11
to 16,
[0323] in which a collection of objects captured in the

first surveillance image and a collection of objects
captured in the second surveillance image have at least
a part of objects in common.
[0324] 18. The control method according to any one of 10
to 17,



US 2023/0394683 Al

[0325] in which each object is a person, and

[0326] the attribute of each object is an age bracket, a
sex, nationality, a group to which the object belongs,
presence of belongings, or whether or not the object is
a person having difficulty in walking.

[0327] 19. The control method according to any one of 10
to 18
[0328] in which the capturing range of the fixed camera

is wider than the capturing range of the moving camera.
[0329] 20. A program that causes a computer to execute
each step of the control method according to any one of 10
to 19.
1. A video surveillance system comprising:
at least one memory storing instructions; and
at least one processor coupled to the at least one memory,
the at least one processor being configured to execute
the instructions to:
acquire a captured image captured by a surveillance
camera;
output a different attribute according to a person’s belong-
ings to a person reflected in the captured image; and
output a result of statistical processing based on an output
result of the attribute;
wherein the attribute indicates at least one of a stroller, a
wheelchair, and a cane.
2. The video surveillance system according to claim 1,
wherein
the statistical process is a process for calculating a number
of persons for each attribute.
3. The video surveillance system according to claim 1,
wherein
the at least one processor is further configured to super-
impose a frame according to the attribute of the person
captured by the surveillance camera on an image indi-
cating an area monitored by the surveillance camera.
4. The video surveillance system according to claim 1,
wherein the at least one processor is further configured to:
calculate a flow of persons from the captured image; and
estimate attribute distribution in a range not included in a
capturing range of the surveillance camera based on the
flow of persons and the statistical processing of the
attribute.
5. The video surveillance system according to claim 4,
wherein the at least one processor is further configured to:
acquire the flow of persons based on the captured image
captured by a fixed camera fixed to wall, pillar or
ceiling of a route between the event venue and the
nearest station; and
estimate, based on the result of the statistical processing
and the flow of persons, the distribution of the attribute
in a range not included in the capturing range of the
surveillance camera,
wherein
the surveillance camera is a movable moving camera.
6. The video surveillance system according to claim 1,
wherein
the distribution of the attribute in a range not included in
the captured range of the surveillance camera is esti-
mated using the information estimated by performing a
crowd movement simulation.
7. The video surveillance system according to claim 1,
wherein
the result of the statistical processing is output to a mobile
terminal maintained by the security guard at the site.
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8. A video surveillance method executed by a computer,
the video surveillance method comprising:
acquiring a captured image captured by a surveillance
camera;
outputting a different attribute according to a person’s
belongings to a person reflected in the captured image;
and
outputting a result of statistical processing based on an
output result of the attribute;
wherein the attribute indicates at least one of a stroller, a
wheelchair, and a cane.
9. The video surveillance method according to claim 8,
wherein
the statistical process is a process for calculating a number
of persons for each attribute.
10. The video surveillance method according to claim 8,
further comprising
superimposing a frame according to the attribute of the
person captured by the surveillance camera on an
image indicating an area monitored by the surveillance
camera.
11. The video surveillance method according to claim 8,
further comprising:
calculating a flow of persons from the captured image;
and
estimating attribute distribution in a range not included in
a capturing range of the surveillance camera based on
the flow of persons and the statistical processing of the
attribute.
12. The video surveillance method according to claim 11,
further comprising:
acquiring the flow of persons based on the captured image
captured by a fixed camera fixed to wall, pillar or
ceiling of a route between the event venue and the
nearest station; and
estimating, based on the result of the statistical processing
and the flow of persons, the distribution of the attribute
in a range not included in the capturing range of the
surveillance camera,
wherein
the surveillance camera is a movable moving camera.
13. The video surveillance method according to claim 8,
wherein
the distribution of the attribute in a range not included in
the captured range of the surveillance camera is esti-
mated using the information estimated by performing a
crowd movement simulation.
14. The video surveillance method according to claim 8,
wherein
the result of the statistical processing is output to a mobile
terminal maintained by the security guard at the site.
15. A non-transitory computer-readable medium storing a
program for causing a computer to perform operations, the
operations comprising:
acquiring a captured image captured by a surveillance
camera;
outputting a different attribute according to a person’s
belongings to a person reflected in the captured image;
and
outputting a result of statistical processing based on an
output result of the attribute;
wherein the attribute indicates at least one of a stroller, a
wheelchair, and a cane.
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16. The non-transitory computer-readable medium
according to claim 15, wherein

the statistical process is a process for calculating a number

of persons for each attribute.

17. The non-transitory computer-readable medium
according to claim 15, wherein the operations further com-
prise

superimposing a frame according to the attribute of the

person captured by the surveillance camera on an
image indicating an area monitored by the surveillance
camera.

18. The non-transitory computer-readable medium
according to claim 15, wherein the operations further com-
prise:

calculating a flow of persons from the captured image;

and

estimating attribute distribution in a range not included in

a capturing range of the surveillance camera based on
the flow of persons and the statistical processing of the
attribute.

19. The non-transitory computer-readable medium
according to claim 15, wherein

the distribution of the attribute in a range not included in

the captured range of the surveillance camera is esti-
mated using the information estimated by performing a
crowd movement simulation.

20. The non-transitory computer-readable medium
according to claim 15, wherein

the result of the statistical processing is output to a mobile

terminal maintained by the security guard at the site.

#* #* #* #* #*
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