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Description
Title of Invention: TARGET OBJECT IDENTIFYING DEVICE,
TARGET OBJECT IDENTIFYING METHOD AND TARGET OBJECT
IDENTIFYING PROGRAM

Technical Field
[0001]

The present invention relates to a target object
identifying device, target object identifying method, and
target object identifying program for identifying a desired

target object from monitoring targets.

Background Art
[0002]

Surveillance cameras are 1installed 1in stations,
specific facilities, and the like, and video captured by
the surveillance cameras is analyzed to perform various
determination. As an example, a person or object present
in a monitoring range for an wunusually long time 1is
identified as a suspicious person or object.

[0003]

As a relevant technique, a behavior analysis method
of tracking a specific person and analyzing his or her
behavior is known. In the behavior analysis method, for
example, where the specific person is present is recognized
using one camera or a plurality of cameras that overlap in
monitoring area, and the temporal changes of the position
of the person are tracked to determine where and how long
the person stayed.

[0004]

A person recognition method of performing face
matching to recognize a specific person from a captured
image is known, too. Patent Literature (PTL) 1 describes a
face 1image recognition device capable of a faster face

image recognition  process to simplify registration
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operation. The face image recognition device described in
PTL 1 registers a frontal face image of each person to be
recognized and an average face image of the person in an
orientation other than the front, and matches the features
of a face area extracted from video against the registered

face images to recognize the face image in the video.

Citation List
Patent Literature(s)
[0005]
PTL 1: Japanese Patent Application Laid-Open No.
2012-238111

Summary of Invention
Technical Problem
[0006]

With the above-mentioned behavior analysis method,
the range in which the behavior of the person can be
analyzed depends on the imaging range of the camera(s).
For example, in the case where one camera is used, the
range in which the behavior of the person can be analyzed
is limited to the range that can be captured by the camera.
To cover many ranges, a lot of cameras need to be used with
no gap between the monitoring ranges. Besides, when
capturing the person in a crowded situation, the person is
often unable to be seen with other people in the way, and
thus it is difficult to completely track the specific
person.

[0007]

In the case of using the face image recognition
device described in PTL 1, information of any suspicious
person to be found needs to be provided beforehand. In
other words, the face image recognition device described in

PTL 1 cannot be used in a situation where who is suspicious
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is unknown.
[0008]

The present invention accordingly has an object of
providing a target object identifying device, target object
identifying method, and target object identifying program
capable of, even in the case where the monitoring range is
wide or crowded, identifying a target object present in the

range for an unusually long time from monitoring targets.

Solution to Problem
[0009]

A target object identifying device according to the
present invention includes: monitoring target matching
means which matches monitoring targets shown in video
captured by one or more imaging devices, and identifies
monitoring targets estimated to be the same monitoring
target, as an identified monitoring target; and target
object identifying means which identifies a desired target
opject from one or more identified wmonitoring targets,
using imaging times of each of the one or more identified
monitoring targets.

[0010]

A target object identifying method according to the
present invention includes: matching monitoring targets
shown in video captured by one or more imaging devices, and
identifying monitoring targets estimated to be the same
monitoring target, as an identified monitoring target; and
identifying a desired target object from one or more
identified monitoring targets, using imaging times of each
of the one or more identified monitoring targets.

[0011]

A target object identifying program according to the

present invention causes a computer to execute: a

monitoring target matching process of matching monitoring
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devices, and identifying monitoring targets estimated to be
the same monitoring target, as an identified monitoring
target; and a target object identifying process of
identifying a desired target object £from one or more
identified monitoring targets, using imaging times of each
of the one or more identified monitoring targets.
Advantageous Effects of Invention
[oo12]

According to the present invention, even in the case
where the monitoring range is wide or crowded, a target
object present in the range for an unusually long time can

be identified from monitoring targets.

Brief Description of Drawings

[0013]

[Fig. 1] It is a block diagram depicting a structural
example of an exemplary embodiment of a target object
identifying device according to the present invention.

[Fig. 2] It is an explanatory diagram depicting an example
of information stored in a person  identification
information storage unit 18.

[Fig. 3] It is an explanatory diagram depicting an example
of information stored in a person information storage unit
i9.

[Fig. 4] It is an explanatory diagram depicting another
example of information stored in the person information
storage unit 19.

[Fig. 5] It is an explanatory diagram depicting an example
of the operation of determining the stay time of each
monitoring target.

[Fig. 6] It is an explanatory diagram depicting an example
of determination conditions for specifying time widths.

[Fig. 7] It is an explanatory diagram depicting a specific
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example of information stored in the person information
storage unit 19.

[Fig. 8] It is an explanatory diagram depicting an example
of the operation of capturing a monitoring target by a
plurality of video acquisition units 11.

[Fig. 9] It 1is a flowchart depicting an example of the
operation of the target object identifying device.

[Fig. 10] It is a block diagram schematically depicting the
target object identifying device according to the present
invention.

[Fig. 111 It is another block diagram schematically
depicting the target object identifying device according to

the present invention.

Description of Embodiment (s)
[0014]

The following describes an exemplary embodiment of
the present invention with reference to drawings. In the
following description, the case where persons as a typical
example of monitoring targets are monitored and any person
staying in the monitoring range for an unusually long time
is identified as a target object is used as an example.
The monitoring targets are, however, not limited to persons.
For example, the monitoring targets may be objects such asg
cars. In this case, any car parked in the monitoring range
for a long time is identified as a target object. In the
present invention, the term “target obiject” includes not
only an object but also a person.

[0015]

Fig. 1 is a block diagram depicting a structural
example of an exemplary embodiment of a target object
identifying device according to the present invention. The
target object identifying device in this exemplary

embodiment includes a video acquisition unit 11, a person
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identification information analysis wunit 12, a person
identification information management unit 13, a long
stayer estimation unit 14, a person identification
information matching unit 15, a person information
management unit 16, a result output unit 17, a person
identification information storage unit 18, and a person
information storage unit 19.

[001¢6]

The video acquisition unit 11 acquireg video of a
predetermined monitoring range. The video acquisition unit
11 also acquires the time (hereafter referred to as
“imaging time”) at which the video was acquired. The video
acquisition unit 11 outputs the video of the monitoring
range and the time (i.e. the imaging time) at which the
video was captured, to the person  identification
information analysis unit 12. The video acquisition unit
11 is realized, for example, by an imaging device sguch as a
camera.

[0017]

Although the target object identifying device
depicted in Fig. 1 as an example includes only one video
acquisition unit 11, the number of video acquisition units
11 is not -limited to one, and may be two or more. The
regpective imaging ranges of the video acquisition units 11
may partly overlap each other, and may have no overlap with
each other. In the case where the target object
identifying device includes a plurality of video
acquisition units 11, each video acquisition unit 11 may
also output information (hereafter referred to as “imaging
device identification information”) for identifying the
video acquigition wunit 11 when outputting the acquired
video to the person identification information analysis
unit 12,

[0018]



10

15

20

25

30

In this exemplary embodiment, the video acquisition
unit 11 1is preferably installed in a facility to be
monitored so that a range which particularly requires
observation can be captured. The video acquisition unit 11
does not need to be installed so as to capture the entire
range of the facility.

[0019]

The person identification information analysis unit
12 analyzes a monitoring target shown in the video captured
by each wvideo acquisition wunit 11. In detail, wupon
detecting a monitoring target in the video, the person
identification information analysis unit 12 extracts
information (hereafter referred to as “monitoring target
imaging information”) including the identification
information (hereafter referred to as ™monitoring target
identification information”) of the monitoring target and
the imaging time at which the wmonitoring target was
captured.

[0020]

The contents of the monitoring target identification
information extracted by the person identification
information analysis unit 12 are set beforehand depending
on the type of monitoring targets. Asg an example, in the
case where the monitoring targets are persons, the person
identification information analysis unit 12 may, upon
detecting a person in the video, extract the person’s face
image as the monitoring target identification information.
As another example, 1in the case where the monitoring
targets are cars, the person identification information
analysis unit 12 may, upon detecting a car in the video,
extract the car’s registration plate 1image as the
monitoring target identification information.

[0021]

The information extracted by the person
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identification information analysis unit 12 is not limited
to the face image or the car registration plate image. Any
information for identifying the monitoring target may be
extracted. Monitoring target identification information
used for identifying a person may be referred to as “person
identification information”. Since the method of
extracting specific identification information from a
target image is widely known, its detailed description is
omitted here.

[o022]

In the case where no explicit imaging device
identification information is provided from each video
acquisition unit 11, the person identification information
analysis unit 12 may, upon receiving videc from each video
acquigition unit 11, assign imaging device identification
information according to the video acquisition unit 11 from
which the video has been received.

[0023]

The person identification information management
unit 13 stores the information analyzed by the person
identification information analysis unit 12, in the person
identification information storage unit 18. The person
identification information management unit 13 also extracts
necessary information from the person identification
information storage unit 18 and provides the extracted
information to the person information management unit 16,
in response to a reqguest from the person information
management unit 16.

[0024]

The person identification information storage unit
18 stores the information analyzed by the person
identification information analysis unit 12. In detail,
the person identification information storage unit 18

stores an identifier for identifying individual monitoring
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target i1maging information, and the monitoring target
identification information and imaging time included in the
monitoring target imaging information, in association with
each other.

[0025]

Fig. 2 1is an explanatory diagram depicting an
example of information stored in the person identification
information storage unit 18. Fig. 2 depicts an example of
information stored in the person identification information
storage unit 18 in the case where the monitoring targets
are persons. In the example depicted in Fig. 2, a person
image ID 1is wused as the identifier for identifying the
monitoring target imaging information, and person
identification information is used as the monitoring target
identification information. The person identification
information storage unit 18 may also store the camera name
(e.g. imaging device identification information) of the
camera that acquired the video and the person image
detected by the person identification information analysis
unit 12, as depicted in Fig. 2 as an example.

[0026]

The person information management unit 16 stores
information matched by the person identification
information matching unit 15, in the person information
storage unit 19. The person information management unit 16
also extracts necessary information from the person
information storage unit 19 and provides the extracted
information to the long stayer estimation unit 14, in
response to a request from the long stayer estimation unit
14.

[0027]

The person information storage unit 19 stores each

identified monitoring target and the imaging times of the

monitoring target. Fig. 3 1s an explanatory diagram
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depicting an example of information stored in the person
information storage unit 19. Fig. 3 depicts an example of
information stored in the person information storage unit
19 in the case where the monitoring targets are persons.
In the example depicted in Fig. 3, the person information
storage unit 19 stores, for each piece of person
identification information (person ID), the identifier
(person image ID) of the monitoring target imaging
information from which the person has been extracted, the
imaging count of the person, the earliest time (hereafter
referred to as “earliest imaging time”) at which the person
was captured, and the latest time (hereafter referred to as
“latest imaging time”) at which the pergon was captured, in
aggociation with each other.

[0028]

The form in which the imaging times of each
identified monitoring target are stored in the person
information storage unit 19 is not limited to that depicted
in Fig. 3 as an example. The person information storage
unit 19 may store each individual imaging time of the
identified monitoring target. Fig. 4 1is an explanatory
diagram depicting another example of information stored in
the person information storage unit 19. Fig. 4 depicts an
example of information stored in the person information
storage unit 19 in the case where the monitoring targets
are persons, too.

[0029]

In the example depicted in PFig. 4, the person
information storage wunit 19 stores, for each piece of
person  identification information (person  ID), the
identifier (person image ID) of the monitoring target
imaging information from which the person has been
extracted and the imaging time, in asgsociation with each

other. The person information storage unit 19 may also
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store, in association with the identifier (person image ID)
of the monitoring target imaging information, the camera
name {(e.g. imaging device identification information) of
the camera that acquired the video and the probability
(likelihood) of the monitoring target estimated from the
acquired video, as depicted in Fig. 4 as an example.

[0030]

The person identification information matching unit
15 matches monitoring target identification information,
and identifies monitoring targets estimated to be the same.
For example, in the case where face images of monitoring
targets are extracted as monitoring target identification
information, the person identification information matching
unit 15 may match face images and identify persons
estimated to be the same.

[0031]

In detall, the person identification information
matching unit 15 matches the monitoring target
identification information included in the wmonitoring
target imaging information stored in the person
identification information storage wunit 18 against the
monitoring target identification information of each person
stored 1in the person information storage unit 19, and
determines whether or not the same person is stored in the
person information storage unit 19.

[0032]

Suppose the person  identification  information
storage unit 18 stores the information depicted in Fig. 3
as an example. In the case of determining that the same
person is stored in the person information storage unit 19,
the person identification information matching unit 15
compares the imaging time included in the monitoring target
imaging information with the earliest imaging time and

latest imaging time of the person stored in the person
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information storage unit 19.
[0033]

In the case where the imaging time is earlier than
the earliest imaging time, the person identification
information matching unit 15 requests the person
information management unit 16 to update the earliest
imaging time of the person with the imaging time. In the
case where the imaging time is later than the latest
imaging time, the person i1dentification information
matching unit 15 requests the person information management
unit 16 to update the latest imaging time of the person
with the imaging time. In the case where the imaging time
is later than or equal to the earliest imaging time and
earlier than or equal to the latest imaging time, the
person identification information matching unit 15 does not
perform the imaging time wupdate process. The persgon
identification information matching unit 15 also reguests
the person information management unit 16 to increase the
imaging count of the person by 1.

[0034]

In the case of determining that the same person is
not stored in the person information storage unit 19, on
the other hand, the person identification information
matching unit 15 requests the person information management
unit 16 to newly add the person to the person information
storage unit 19 and set the earliest imaging time and the
latest imaging time to the imaging time. The person
identification information matching unit 15 also requests
the person information management unit 16 to set the
imaging count of the person to 1.

[0035]

Suppose the person identification information

storage unit 18 stores the information depicted in Fig. 4

as an example. In the case where the same person is gtored
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in the person information storage unit 19, the person
identification information matching unit 15 reqguests the
person information management unit 16 to store information
associating the person image ID and the imaging time with
each other, in the person information storage unit 19 in
association with the person ID of the person determined to
be the same.

[003¢]

In the case of determining that the same person is
not stored in the person information storage unit 19, on
the other hand, the person identification information
matching unit 15 requests the person information management
unit 16 to assign a new person ID and store information
associating the person image ID and the imaging time with
the person ID in the person information storage unit 19.
[0037]

In the case where the person identification
information storage unit 18 stores the information depicted
in Fig. 4 as an example, the person identification
information matching wunit 15 may regquest the person
information management unit 16 to store the camera name
(e.g. imaging device identification information) of the
camera that captures the video, in the person information
storage unit 19 together with the imaging time.

[0038]

When matching monitoring target identification
information, the person identification information matching
unit 15 may calculate the probability (likelihood) of
monitoring targets estimated to be the same. For example,
suppose the person identification information matching unit
15 performs matching for a face image, and calculates the
probability of determining the person as person A at 0.8,
the probability of determining the person as person B at

0.3, and the probability of determining the person as
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person C at 0.2. In this case, the person identification
information matching unit 15 may request the person
information management unit 16 to storxe, for the person ID
of each person for which the probability has been
determined, information associating the person image ID,
the imaging time, and the calculated probability with each
other in the person information storage unit 19.

[0039]

Since the method of comparing images and determining
whether or not they match and the method of calculating the
probability of the match are widely known, their detailed
degcription is omitted here.

[0040]

The long stayer estimation unit 14 identifies a
desired target object from captured monitoring targets,
using the imaging times included in the monitoring target
imaging information of each monitoring target estimated to
be the same. In detail, the long stayer estimation unit 14
identifies, as the target object, a monitoring target whose
frequency of monitoring target imaging information with the
imaging time included in a predetermined period is greater
than or equal to a predetermined threshold or whose time
width between imaging times in the predetermined period is
greater than or equal to a predetermined time. The
predetermined period is also referred to as “analysis time
width”.

[0041]

The “time width between imaging times” mentioned
here means the difference between any two imaging times
selected in the predetermined period. In this exemplary
embodiment, the “time width between imaging times” can be
regarded as the width between any imaging times among the
imaging times of the monitoring target captured in the

predetermined period. Moreover, the “frequency of
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monitoring target imaging information with the imaging time
included in a predetermined period” can be regarded as the
frequency of imaging of the monitoring target in the
predetermined period.

[0042]

The reason for identifying the monitoring target
that meets such a condition as the target object is as
follows. In the following description, the case of
identifying an unusually long stayer in a station is used
as an example. The location subjected to the process of
identifying an unusually long stayer is, however, not
limited to a station. The location may be, for example,
any range where staying for a long time is determined to be
unusual, such as a predetermined area of a building or a
commercial facility.

[0043]

As an example, a criminal such as a pickpocket, a
luggage lifter, or a molester 1is assumed to stay in a
certain area for an unusually long time, unlike an ordinary
passenger. In other words, an ordinary passenger typically
moves from a ticket gate to a platform and then gets on a
train. Such a passenger who moves in one direction is
caught by a camera only for a limited time, and is unlikely
to be caught by the same camera for a long time. Hence, a
person who stays in a given area in the station for a long
time can be regarded as an unusually long stayer.

[0044]

As another example, in the case where a plurality of
cameras are installed far from each other, even when it
takes time to capture a target person by these cameras, his
or her behavior seems to be usual, given the movement time.
In the case where a plurality of cameras are installed near
each other, on the other hand, it seems unusual to take

time to capture a target person by these cameras. Hence, a
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person captured by the cameras over the time width defined

between the cameras can be regarded as an unusually long

stayer.

[0045]

An unusually long stayer can also be determined

depending on the property of the range captured by a camera.

For example, regarding meeting spots or near benches, even

when a person stays in one such place for a long time, his

or her behavior does not seem to be particularly unusual.

When a person wanders from one such place to another,

however, his or her behavior seems to be unusual. Hence, a

person whose frequency of being captured by a plurality of

cameras exceeds a predetermined value can also be regarded

as an unusually long stayer.
[00456]

The long stayer estimation unit 14 estimates each

uvnusually long stayer as defined above, and extracts

persons who seem to be suspicious, as a

gray list. Note

that the unusually long stayer is not limited to the above-

defined monitoring targets. For example,

in the case where

cameras are ingtalled at the entrance and the exit, if a

person is caught only by one camera, his or her behavior

seems to be unusual, and accordingly the person may be

defined as an unusually long stayer.
[0047]

A monitoring target whose time width between imaging

times is extremely long may not be an unusually long stayer.

For example, in the case of monitoring persons in a station,

there is a possibility that the same person is captured by

a camera around the start of office hours and around the

end of office hours. The movement of such a person seems

to be usual. The long stayer estimation unit 14 may

accordingly exclude any monitoring target

between imaging times is extremely long,

whose time width

from the target
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object. To exclude such a monitoring target, an
appropriate analysis time width may be set beforehand
depending on the property of monitoring targets.

[0048]

The long stayer estimation unit 14 may identify not
only a person but also an object such as a car that is
parked for an unusually long time. In this case, the
object gtaying for an unusually long time can be regarded
as an unusually long staying object. The following
describes a method whereby the long stayer estimation unit
14 didentifies, as a desired target object, an unusually
long stayer or an unusually Ilong staying object from
monitoring targets.

[0049]

A method whereby the long stayer estimation unit 14
identifies the target object based on the time width
between imaging times in the predetermined period isg
degcribed first. The long stayer estimation unit 14 may
identify, as the target object, a monitoring target whose
time width between the earliest imaging time and the latest
imaging time, among times widths between imaging times in
the predetermined period, is greater than or equal to a
predetermined threshold specified by a determination
condition. The predetermined threshold is hereafter also
referred to as “long stay determination time”.

[0050]

This 1s based on the assumption that a person whose
difference between the earliest imaging time and the latest
imaging time {(i.e. the maximum imaging time interval) is
extremely long is an unusually long stayer.

(0051]

Fig. 5 is an explanatory diagram depicting an

example of the operation of determining the stay time of

each monitoring target. In the example depicted in Fig. 5,
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persons ul to ul0 as wmonitoring targets have been
identified in the direction of the time axis, from video
captured by two image acguisition unitg l1lla and 1ib. The
period between two dotted lines is the analysis time width,
and the period between long dashed lines is the long stay
determination time. The range for identifying a target
object, such as 3 hours or 1 day, is designated as the
analysis time width, and the time used to determine unusual
stay, such as 30 minutes, 1is designated as the long stay
determination time.

[0052]

For example, regarding persons u3 and u4 estimated
to be the same person, the width between imaging times is
shorter than the long stay determination time. Accordingly,
the long stayer estimation unit 14 does not determine
person u3 (u4) as an unusually long stayer. Likewise,
regarding persons ub5 and u8 estimated to be the same person,
though the images were captured by the different wvideo
acqguigition units, the width between the imaging times is
shorter than the long stay determination time. Accordingly,
the long stayer estimation unit 14 does not determine
person u5 (u8) as an unusually long stayer.

[0053]

Regarding persons u2, u6, u7, and u9 estimated to be
the same person, on the other hand, the difference between
the earliest imaging time and the latest imaging time is
longer than the long stay determination time. Accordingly,
the long stayer estimation unit 14 determines person u2 {(u6,
u7, u9) as an unusually long stayer.

[0054]

One overall determination condition for specifying
the long stay determination time may be set regardless of
the number of video acquisition units 11. In this case,

the determination condition is a condition for determining
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the stay time of each monitoring target in the entire
facility in which the wvideo acquisition wunits 11 are
installed.

[0055]

Alternatively, the determination condition  for
specifying the long stay determination time may be set for
each video acquisition wunit 11. In this case, the
determination condition is a condition for determining the
stay time of each monitoring target captured in the imaging
range of each video acguisition unit 11.

[0056]

Alternatively, the determination condition  for
specifying the long stay determination time may be set
between the video acguisition units 11. 1In thisg case, the
determination condition is a condition for determining,
when each monitoring target moved between the imaging
ranges of the plurality of video acguisition units 11, the
stay time between the imaging ranges.

[0057]

Fig. 6 1s an explanatory diagram depicting an
example of determination conditions for sgpecifying time
widths. A threshold of the time width set for each video
acguisition unit 11 and a threshold of the time width set
between the video acquisition units 11 are depicted in the
example in Fig. 6. In the example in Fig. 6, the
acceptable stay time in the imaging range of camera 1 is 10
seconds, and the acceptable stay time between the imaging
ranges of cameras 1 and 2 is 50 seconds.

[0058]

Another method whereby the long stayer estimation
unit 14 identifies the target object based on the time
width between imaging times in the predetermined period is
described next. The long stayer estimation unit 14 may

identify, as the target object, a monitoring target whose
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time width between successive imaging times, among times
widths between imaging times in the predetermined period,
is greater than or egual to a predetermined threshold
specified by a determination condition. This is based on
the assumption that a person whose time width between
imaging times by different video acqguisition units 11 isg
extremely long is an unusually long stayer.

[0059]

One overall determination condition for specifying
the condition of the time width between succegsive imaging
times may be set regardless of the number of video
acguisition units 11. In this case, the determination
condition is a condition for determining the time of
movement of each monitoring target in the facility in which
the video acguisition units 11 are installed.

[0060]

Alternatively, the determination condition for
specifying the condition of the time width between
successive imaging times may be set for each video
acquisition wunit 11. In this case, the determination
condition is a condition for determining the acceptable
stay time of each monitoring target according to the
property of the imaging range of each video acqguisition
unit 11.

[0061]

Alternatively, the determination condition  for
specifying the condition of the time width between
successive imaging times may be set between the wvideo
acquisition units 11. In this case, the determination
condition 1is a condition for determining the time of
movement of each monitoring target Dbetween the imaging
ranges of the plurality of video acquisition unitg 11. For
example, 1in the case where the time width between the

imaging times by the video acquisition units 11 installed
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near each other is extremely long, the person seems to be
an unusually long stayer.
[0062]

The following describes a method of identifying the
target object based on the determination condition for
specifying the condition of the time width between
succegsive imaging times, with reference to Figs. 6 and 7.
Fig. 7 1s an explanatory diagram depicting a specific
example of information stored in the person information
storage unit 19. Here, three video acquisition units 11

are referred to as camera 1, camera 2, and camera 3.

Consider the case where the condition depicted in Fig. 6 as

an example has been set as the determination condition for
specifying the time width.
[0063]

Suppose camera 1 captured video identified by person
image ID 1 at 00:00:00, and then camera 2 captured video
identified by person image ID 2 at 00:00:30. In the
example depicted in Fig. 6, the condition set as the time
width between cameras 1 and 2 is 50 seconds. Since the
difference between the two imaging times is 30 seconds, the
long stayer estimation unit 14 does not didentify the
monitoring target as the target object.

[0064]

Further, suppose camera 3 captured video identified
by person image ID 3 at 00:00:45. 1In the example depicted
in Fig. 6, the condition set as the time width between
cameras 2 and 3 1is 40 seconds. Since the difference
between the two imaging times is 15 seconds, the long
stayer estimation unit 14 does not identify the monitoring
target as the target object.

[0065]
Suppose, on the other hand, camera 3 captured the

video identified by person image ID 3 at 00:02:00. Since
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the difference between the two imaging times is 90 seconds,
the long stayer estimation unit 14 identifies the
monitoring target as the target object.

[0066]

Although the above describes the case where the
determination condition for specifying the condition of the
long stay determination time is set beforehand, the
determination condition may be dynamically generated based
on the imaging times of monitoring targets not identified
as the target object.

[0067]

The following describes examples of the
determination condition generation method. The person
information management unit 16 may keep statistics about
the stay time of each monitoring target whose stay time is
shorter than the long stay determination time, to calculate
the long stay determination time.

[0068]

In detail, the person information management unit 16
may calculate, from the information of each monitoring
target subjected to the statistics, the stay time mean in
the maximum imaging time interval or the time interval
between the video acquisition units 11, and calculate the
time which is a constant multiple of (e.g. double) the stay
time mean as the long stay determination time.

[0069]

As an alternative, the person information management
unit 16 may calculate, from the information of each
monitoring target subjected to the statistics, the stay
time mean and variance in the maximum imaging time interval
or the time interval between the video acquisgition units 11,
and calculate a threshold of the time intexrval in which a
predetermined proportion (e.g. 5%) of people are determined

as long stayers, as the long stay determination time.
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[0070]

The method of calculating the long stay
determination time is not limited to these methods. For
example, the movement speed of each monitoring target in
video captured by one video acqguisition unit 11 may be
measured, with the long stay determination time belng
calculated based on the movement speed and the distance
between the video acqguisition units 11.

[0071]

Dynamically calculating the long stay determination
time in this way enables use of an appropriate
determination condition according to the actual situation,
as a result of which the target object can be identified
more appropriately from monitoring targets.

[0072]

A method whereby the long stayer estimation unit 14
identifies the target object based on the imaging freguency
of each monitoring target in the predetermined period is
described next. The long stayer estimation unit 14 may
identify, as the target object, a monitoring target whose
frequency of monitoring target imaging information with the
imaging time included in the predetermined period 1is
greater than or equal to a predetermined threshold. This
is based on the assumption that a wmonitoring target
captured extremely freguently is an unusually long stayer.
[0073]

Flg. 8 1is an explanatory diagram depicting an
example of the operation of capturing a monitoring target
by a plurality of wvideo acguisition wunits 11. In the
example depicted in Fig. 8, video acguisition units 11la,
11b, 1ic, and 11d respectively capture areas A, B, C, and D.
[0074]

When any person is detected from captured video, the

person identification information of each person is
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extracted and stored in the ©person identification
information storage unit 18. In the example depicted in
Fig. 8, person ull was captured in video of each of areas A,
B, ¢, and D. Accordingly, four entries of the person
identification information relating to person ull are
registered in the person identification information storage
unit 18. Based on this registration fregquency, the long
stayer estimation wunit 14 identifies person ull from
monitoring target persons, as the target object. The
result output unit 17 outputs the identified target object
to, for example, an output result storage unit 20.

[0075]

One overall determination condition for specifying
the condition of the frequency may be set regardless of the
number of wvideo acquisition units 11. In this case, the
determination condition is a condition for determining the
imaging frequency of each monitoring target in the entire
facility in which the video acqguisition units 11 are
installed.

[0076]

Alternatively, the determination condition for
specifying the condition of the frequency may be set for
each wvideo acquisition wunit 11. In this case, the
determination condition is a condition for determining the
imaging freguency of each monitoring target in the imaging
range of each video acquisition unit 11.

[0077]

Alternatively, the determination <condition  for
specifying the condition of the frequency may be set for
each group of any video acguisition units 11. In this case,
the determination condition is a condition for determining
the imaging frequency of each monitoring target in the
imaging ranges of the video acquisition units 11 belonging

to the group.
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[0078]

For example, in the case where a monitoring target
was captured a plurality of times in one meeting spot, the
monitoring target does not seem to be an unusually long
stayer. In the case where a monitoring target was captured
a plurality of times in a plurality of meeting spots,
however, the monitoring target seems to be an unusually
long stayer. Such an unusually long stayer can be
identified by setting the condition relating to any video
acquisition units 11 that are grouped together.

[0079]

In the <case where the ©person identification
information matching unit 15 calculates the probability
(likelihood) of monitoring targets estimated to be the same,
the long stayer estimation unit 14 may identify the target
object using the frequency calculated based on the
likelihood. For example, suppose two entries of
information of a monitoring target are registered in the
person information storage unit 19. In the case where the
likelihood of the monitoring target is 0.5 in each entry,
the long stayer estimation unit 14 may determine the
frequency as 1 (= 0.5 x 2), and identify the target object.
[0080]

In the «case where the person identification
information matching unit 15 calculates the likelihood, the
long stayer estimation unit 14 may perform the estimation
process only on monitoring target imaging information with
the 1likelihood being greater than or egual to a
predetermined wvalue. This is equally applicable when the
long stayer estimation unit 14 identifies the target object
based on the time width between imaging times in the
predetermined period. In detail, the 1long stayer
estimation unit 14 may calculate the time width between

imaging times included in monitoring target imaging
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information with the likelihood being greater than or equal
to the predetermined value, for a monitoring target.
[0081]

The long stayer estimation unit 14 generates a list
of images, imaging device identification information,
imaging times, and the like of the identified target object,
and provides the list to the result output unit 17.

[0082]

The result output unit 17 outputs the identified
target object by a given method. For example, the result
output unit 17 may store the output result in the output
result storage unit 20. The result output unit 17 may also
extract a common monitoring target extracted in different
times or different days, from information stored in the
output result storage unit 20. Since such a target object
particularly needs to be observed, the result output unit
17 may, for example, output the information of the person
as a habitual unusually long stayer.

[0083]

The person identification information analysis unit
12, the person identification information management unit
13, the 1long stayer estimation wunit 14, the person
identification information matching unit 15, the person
information management unit 16, and the result output unit
17 are realized, for example, by a CPU of a computer
operating according to a program (target object identifying
program) . For instance, the program may be stored in a
storage unit (not depicted) in the target object
identifying device, with the CPU reading the program and,
according to the ©program, operating as the person
identification information analysis unit 12, the person
identification information management unit 13, the long
stayer estimation unit 14, the person identification

information matching unit 15, the person information
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management unit 16, and the result output unit 17.
[0084]

Alternatively, the person identification information
analysis unit 12, the person identification information
management unit 13, the long stayer estimation unit 14, the
person identification information matching unit 15, the
person information management wunit 16, and the result
output unit 17 may each be realized by dedicated hardware.
The person identification information storage unit 18 and
the person information storage unit 19 are realized, for
example, by a magnetic disk or the like.

[0085]

The following describes the operation of the target
object identifying device in this exemplary embodiment.
Fig. 9 is a flowchart depicting an example of the operation
of the target object identifying device in thig exemplary
embodiment.

[0086]

First, the video acquisition unit 11 acquires video
of its imaging range (step S11), and outputs the captured
video to the person identification information analysis
unit 12. Upon detecting a monitoring target from the
received video, the person identification information
analysis unit 12 extracts the identification information of
the monitoring target (step S12), and stores the extracted
monitoring target identification information in the person
identification information storage unit 18 (step S13).
[0087]

The person identification information matching unit
15 matches the monitoring target identification information
stored in the person identification information storage
unit 18, against the monitoring target identification
information of each monitoring target stored in the person

information storage unit 19 (step S14). In the case where
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the same monitoring target is found (step S15: Yes), the
person information management unit 16 updates the imaging
time of the monitoring target (step S516). In the case
where the same monitoring target is not found (step S15:
No), on the other hand, the person information management
unit 16 stores the monitoring target in the person
information storage unit 19 as a new monitoring target,
together with the imaging time (step S17).

[oo88]

The long stayer estimation unit 14 identifies a
desired target object from monitoring targets, using the
imaging times included in the wmonitoring target imaging
information of the identified same persons (step S18). The
long stayer estimation unit 14 identifies the target object
based on the time width between imaging times or the
freguency of imaging times. The result output unit 17
outputs the identified target object (step S19).

[0089]

As described above, according to this exemplary
embodiment, the person identification information analysis
unit 12 analyzes a monitoring target shown in video, and
extractg the corresponding wonitoring target imaging
information including the monitoring target identification
information and  the imaging time. The person
identification information matching wunit 15 matches the
monitoring target identification information, and
identifies the monitoring target estimated to be the same.
The long stayer estimation unit 14 identifies a desired
target object from monitoring targets, using the imaging
times included in the monitoring target imaging information
of each identified monitoring target.

[0090]
For example, the long stayer estimation unit 14

identifies, as the target object, a monitoring target whose
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frequency of monitoring target imaging information with the
imaging time included in the predetermined period is
greater than or equal to the predetermined threshold or
whoge time width between imaging times in the predetermined
period is greater than or equal to the predetermined time.
In this way, even in the case where the monitoring range is
wide or crowded, a target object present in the range for
an unusually long time can be identified from monitoring
targets.

[0091]

For example, suppose the target object identifying
device in this exemplary embodiment is used in a station.
Firgt, the person identification information analysis unit
12 acquires information for identifying a face or a person,
from video captured by one or more video acquisition units
11 installed in the station. The person identification
information matching unit 15 wmatches the information for
identifying the person against information acquired in
different times or by a plurality of cameras, to calculate
the time width or frequency of imaging of the same person.
Thus, a list of imaging times can be generated for each
monitoring target, even in the case where information of
any suspicious person is not provided beforehand.

[0092]

The long stayer estimation wunit 14 finds an
unusually long stayer in the facility different £rom
ordinary users, using the time width, the frequency, or the
like. There is accordingly no need to install cameras to
cover the entire monitoring target area and, even in the
case where part of monitoring targets cannot be captured in
a crowded situation, monitoring targets can be identified
from other imaging times.

[0093]

The following gives an overview of the present
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invention. Fig. 10 1is a block diagram schematically
depicting the target object identifying device according to
the present invention. The target object identifying
device according to the present invention includes:
monitoring target matching means 71 (e.g. the person
identification information matching unit 15) which matches
monitoring targets shown in video captured by one or more
imaging devices (e.g. the video acguisition unit 11), and
identifies monitoring targets estimated to be the same
monitoring target, as an identified monitoring target; and
target object identifying wmeans 72 (e.g. the long stayer
estimation unit 14) which identifies a desired target
object from one or more identified monitoring targets,
using imaging times of each of the one or more identified
monitoring targets.

[0094]

With such a structure, even in the case where the
monitoring range is wide or c¢rowded, a target object
present in the range for an unusually long time can be
identified from monitoring targets.

[0095]

The target object identifying means 72 may identify,
as the target object, an identified monitoring target whose
frequency of imaging times in a predetermined period (e.g.
the analysis time width) is greater than or egual to a
predetermined freguency or whose time width between imaging
times in the predetermined period is greater than or equal
to a predetermined time (e.g. the long stay determination
time) .

[0096]

The target object identifying means 72 may identify,
as the target object, an identified monitoring target whose
time width between an earliest imaging time and a latest

imaging time, among time widths between imaging times in a
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predetermined period, 1is greater than or equal to a
predetermined threshold (e.g. the long stay determination
time) specified by a determination condition.

[0097]

The target object identifying means 72 may identify
the target object based on the determination condition (e.g.
the determination c¢ondition depicted in Fig. 6) for
specifying, £for each imaging device, a condition of the
time width between the earliest imaging time and the latest
imaging time.

[0098]

The target object identifying device may include
determination condition generation means ({(e.g. the person
information wmwanagement unit 16) which generates the
determination condition for specifying a condition of the
time width between the earliest imaging time and the latest
imaging time, based on imaging times of monitoring targets
not identified as the target object. Dynamically
calculating the determination condition in this way enables
use of an appropriate determination condition according to
the actual situation, as a result of which the target
object can be identified more appropriately from monitoring
targets.

[0099]

The target object identifying means 72 may identify,
as the target object, an identified monitoring target whose
time width Dbetween successive imaging times, among time
widths between imaging times in a predetermined period, is
greater than or equal to a predetermined threshold
specified by a determination condition.

[0100]

The target object identifying means 72 may identify,

as the target object, the identified monitoring target

whose time width between the successive imaging times meets
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the determination condition between imaging devices.
[0101]

The target object identifying means 72 may identify
the target object based on a determination condition for
specifying, for each imaging device, a frequency of imaging
times of an identified monitoring target included in a
predetermined pericd.

[0102]

The target object identifying means 72 may identify
the target object based on a determination condition for
gpecifying, for each predetermined imaging device group,
the frequency of the imaging times of the identified
monitoring target included in the predetermined period.
[0103]

The monitoring target matching means 71 may
calculate a likelihood of the monitoring targets estimated
to be the same monitoring target, and the target object
identifying means 72 may identify the target object, based
on the fregquency calculated based on the likelihood.

[0104]

The monitoring target matching means 71 may match
face images extracted from the video captured by the one or
more imaging devices, and identify monitoring targets
estimated to be the same person.

[0105]

The monitoring target matching means 71 may extract
information (monitoring target identification information)
for identifying each monitoring target, before matching
monitoring targets shown in the video. In detail, the
monitoring target matching means 71 may execute the process
performed by the person identification information analysis
unit 12 in Exemplary Embodiment. In the case where the
monitoring targets can be matched without using monitoring

target identification information, however, the explicit
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extraction process for monitoring target identification
information is not necessarily reguired. The following
describes a target object identifying device including the
structure for extracting monitoring target identification
information.

[0106]

Fig. 11 is another block diagram schematically
depicting the target object identifying device according to
the present invention. The target object identifying
device according to the present invention includes:
monitoring target imaging information analysis means 81
(e.g. the person identification information analysis unit
12) which analyzes monitoring targets (e.g. persons, cars)
shown in video captured by one or more imaging devices {(e.g.
the video acquisition unit 11), and extracts monitoring
target imaging information that includes monitoring target
identification information (e.g. face image, car
registration plate) used for identifying each monitoring
target and an imaging time at which the monitoring target
was captured; monitoring target matching means 82 (e.g. the
person identification information matching unit 15) which
matches the monitoring target identification information,
and identifies monitoring targets estimated to be the same
monitoring target; and target object identifying means 83
(e.g. the long stayer estimation unit 14) which identifies
a desired target object (e.g. an unusually long stayer)
from captured monitoring targets, using imaging times
included in monitoring target imaging information of each
identified monitoring target.

[0107]

With such a structure, too, even in the case where
the monitoring range is wide or crowded, a target object
present in the range for an unusually long time can be

identified from monitoring targets.
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[0108]

The target object identifying means 83 may identify,
as the target object, a monitoring target whose freguency
of monitoring target imaging information with an imaging
time included in a predetermined period (e.g. the analysis
time width) 1is greater than or equal to a predetermined
threshold or whose time width between imaging times in the
predetermined period 1is greater than or equal to a
predetermined time (e.g. the long stay determination time).
[0109]

In detail, the target object identifying means 83
may identify, as the target object, a monitoring target
whose time width between an earliest imaging time and a
latest imaging time, among time widths between imaging
times in a predetermined period, is greater than or equal
to a predetermined threshold (e.g. the long stay
determination time) specified by a determination condition.
[0110]

The monitoring target imaging information analysis
means 81 may extract the monitoring target imaging
information including imaging device identification
information used for identifying an imaging device that
captured the monitoring target. Here, the target object
identifying means 83 may identify the target object based
on the determination condition (e.g. the determination
condition depicted in Fig. 6) for specifying, for each
imaging device, a condition of the time width between the
earliest imaging time and the latest imaging time.

[o111]

The target object identifying device may include
determination condition generation means (e.g. the person
information management unit 16) which generates the
determination condition for specifying a condition of the

time width between the earliest imaging time and the latest
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imaging time, based on imaging times of monitoring targets
not identified as the target object.
[0112]

The target object identifying means 83 may identify,
asg the target object, a monitoring target whose time width
between successive imaging times, among time widths between
imaging times in a predetermined period, is greater than or
equal to a predetermined threshold specified Dby a
determination condition.

[0113]

The wmonitoring target imaging information analysis
means 81 may extract the monitoring target imaging
information including imaging device identification
information used for identifying an imaging device that
captured the monitoring target. The target object
identifying means 83 may identify, as the target object,
the monitoring target whose time width between the
guccessive imaging times in the monitoring target imaging
information meets the determination condition between
imaging devices.

[0114]

The monitoring target imaging information analysis
means 81 may extract the monitoring target imaging
information including imaging device identification
information used for identifying an imaging device that
captured the wmwonitoring target. The target object
identifying means 83 may identify the target object based
on a determination condition for specifying, for each
imaging device, a condition of the frequency of the
monitoring target imaging information with the imaging time
included in the predetermined period.

[0115]
The target object identifying means 83 may identify

the target object based on a determination condition for
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specifying, for each predetermined imaging device group, a
condition of the frequency of the monitoring target imaging
information with the imaging time included in the
predetermined period.

[0116]

The monitoring target matching means 82 may
calculate a 1likelihood (probability) of the monitoring
targets estimated to be the same monitoring target. The
target object identifying means 83 may identify the target
object using the frequency calculated Dbased on the
likelihood.

[0117]

The monitoring target imaging information analysis
means 81 may extract a face image of each monitoring target
as the monitoring target identification information. The
monitoring target matching means 82 may match face images,
and identify monitoring targets estimated to be the same
person. With such a structure, a person staying in the
monitoring range for an unusually long time can be
identified.

[0118]

Although the present invention has been described
with reference to the foregoing exemplary embodiment and
examples, the present invention is not limited to the
foregoing exemplary embodiment and examples. Various
changes understandable by those skilled in the art within
the scope of the present invention can be made to the
structures and details of the present invention.

[0119)]

This application c¢laims priority based on Japanese
Patent Application No. 2013-072178 filed on March 29, 2013,
the disclosure of which i1is incorporated herein in its

entirety.
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Industrial Applicability
[0120]

The present invention is suitable for use in, for
example, a video analysis system for capturing persons in a
specific facility by one or more surveillance cameras and
analyzing the captured video to automatically find any long

stayer.

Reference Signs List

[0121]
11, 11la to 1l1d video acquisition unit
12 person identification information analysis unit
13 person identification information wmanagement
unit

14 long stayer estimation unit

15 person identification information matching unit
16 person information management unit

17 result output unit

18 person identification information storage unit
19 person information storage unit

20 output result storage unit

ul to ull person
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Claims

1. A target object identifying device comprising:

monitoring target matching means which matches
monitoring targets shown in video captured by one or more
imaging devices, and identifies monitoring targets estimated
to be the same monitoring target, as an identified monitoring
target; and

target object identifying means which identifies a
desired target object from one or more identified monitoring
targets, using imaging times of each of the one or more

identified monitoring targets.

2. The target object identifying device according to claim
1, wherein the target object identifying means identifies, as
the target object, an identified wmonitoring target whose
frequency of imaging times in a predetermined period ig
greater than or equal to a predetermined frequency or whose
time width between imaging times in the predetermined period

is greater than or equal to a predetermined time.

3. The target object identifying device according to claim
1 or 2, wherein the target object identifying wmeans
identifies, as the target object, an identified monitoring
target whose time width between an earliest imaging time and a
latest imaging time, among time widths between imaging times
in a predetermined period, 1s greater than or egqual to a
predetermined threshold specified by a determination

condition.

4. The target object identifying device according to claim
3, wherein the target object identifying means identifies the
target object based on the determination condition for

specifying, for each imaging device, a condition of the time
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width between the earliest imaging time and the latest imaging

time.

5. The target object identifying device according to claim
3 or 4, comprising

determination condition generation means which generates
the determination condition for specifying a condition of the
time width between the earliest imaging time and the latest
imaging time, based on imaging times of monitoring targets not

identified as the target object.

6. The target object identifying device according to claim
1 or 2, wherein the target object identifying means
identifies, as the target object, an identified monitoring
target whose time width between succesgsive imaging times,
among time widths between imaging times in a predetermined
period, 1is greater than or equal to a predetermined threshold

specified by a determination condition.

7. The target object identifying device according to claim
6, wherein the target object identifying means identifieg, as
the target object, the identified monitoring target whose time
width Dbetween the successive imaging times meets the

determination condition between imaging devices.

8. The target object identifying device according to claim
1 or 2, wherein the target object identifying means identifies
the target object based on a determination condition for
specifying, for each imaging device, a frequency of imaging
times of an identified monitoring target included in a

predetermined period.

9. The target object identifying device according to claim

8, wherein the target object identifying means identifiesg the
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target object based on a determination condition for
specifying, for each predetermined imaging device group, the
frequency of the imaging times of the identified monitoring

target included in the predetermined period.

10. The target object identifying device according to claim
8 or 9, wherein the monitoring target matching means
calculates a likelihood of the monitoring targets estimated to
be the same monitoring target, and

wherein the target object identifying means identifies
the target object, based on the frequency calculated based on
the likelihood.

11. The target object identifying device according to any
one of claims 1 to 10, wherein the monitoring target matching
means matches face images extracted from the video captured by
the one or more imaging devices, and identifies monitoring

targets estimated to be the same person.

12. A target object identifying method comprising:

matching monitoring targets shown in video captured by
one or more imaging devices, and identifying monitoring
targets estimated to be the same monitoring target, as an
identified monitoring target; and

identifying a desired target object £from one or more
identified monitoring targets, using imaging times of each of

the one or more identified monitoring targets.

13. The target object identifying method according to claim
12, wherein an identified monitoring target whose frequency of
imaging times in a predetermined period is greater than or
equal to a predetermined freguency or whose time width between
imaging times 1in the predetermined period is greater than or

equal to a predetermined time is identified as the target
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object.

14, A target object identifying program for causing a
computer to execute:

a monitoring target matching process of matching
monitoring targets shown in video captured by one or more
imaging devices, and identifying monitoring targets estimated
to be the same monitoring target, as an identified monitoring
target; and

a target object identifying process of identifying a
desired target object from one or more identified monitoring
targets, using imaging times of each of the one or more

identified monitoring targets.

15. The target object identifying program according to claim
14, causing the computer to, in the target object identifying
process, identify, as the target object, an identified
monitoring target whose frequency of imaging times in a
predetermined period 1s greater than or equal to a
predetermined frequency or whose time width between imaging
times in the predetermined period is greater than or egual to

a predetermined time.



