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(57) ABSTRACT

[Problem] To provide an information processing system, an
information processing method, and a program, whereby it
is possible to suitably determine whether mobile bodies
appearing in a plurality of photography devices are the same
mobile body.

[Solution] Provided is an information processing system,
comprising: an input unit (110) which receives an input of a
video; a detection unit (120) which detects a mobile body
which appears in a first video and a second video which a
first photography device (200) and a second photography
device (200) respectively photograph; a similarity compu-
tation unit (130) which derives a first probability that a
mobile body which appears in the first video and a mobile
body which appears in the second video are the same on the
basis of similarity of feature values of the mobile bodies; a
non-appearance probability computation unit (140) which
derives a second probability that the mobile body which
appears in the first video does not appear in the second video
on the basis of time elapsed from the mobile body exiting the
frame of the first video; and a person determination unit
(150) for determining whether the mobile body which
appears in the first video is the same as the mobile body
which appears in the second video on the basis of a com-
parison between the first probability and the second prob-
ability.
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Fig.2A
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Fig.2B
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INFORMATION PROCESSING SYSTEM,
METHOD AND COMPUTER READABLE
MEDIUM FOR DETERMINING WHETHER
MOVING BODIES APPEARING IN FIRST
AND SECOND VIDEOS ARE THE SAME OR
NOT

TECHNICAL FIELD

[0001] The present invention relates, in some aspects, to
an information processing system, an information process-
ing method, and a program.

BACKGROUND ART

[0002] Over recent years, systems that perform monitoring
over a wide range using videos captured by a plurality of
video cameras (imaging apparatuses) have been devised.
PTL 1, for example, discloses a monitoring system that
tracks a moving body captured by each of a plurality of
cameras. In the method described in PTL 1, using feature
values such as brightness values, colors or the like of
moving bodies extracted from respective cameras, identi-
calness of the moving bodies is determined.

CITATION LIST

Patent Literature

[0003] [PTL 1] Japanese Laid-open Patent Publication No.
2006-146378

SUMMARY OF INVENTION

Technical Problem

[0004] However, in the method described in PTL 1, when
another moving body having a feature value similar to that
of a moving body to be tracked appears in a video of a
camera before the moving body to be tracked appears in the
video of the camera, the another moving body may he
erroneously tracked as the same moving body as the moving
body to be tracked.

[0005] In view of the problem, some aspects of the present
invention have been achieved, and one object of the present
invention is to provide an information processing system, an
information processing method, and a program capable of
suitably determining identicalness of moving bodies appear-
ing in a plurality of imaging apparatuses.

Solution to Problem

[0006] An information processing system according to the
present invention includes input means for receiving inputs
of videos captured by a plurality of imaging apparatuses,
detection means for detecting a moving body appearing in a
first video captured by a first imaging apparatus among the
plurality of imaging apparatuses and a moving body appear-
ing in a second video captured by a second imaging appa-
ratus among the plurality of imaging apparatuses, first
computation means for deriving, on the basis of similarity
between a feature value of the moving body appearing in the
first video and a feature value of the moving body appearing
in the second video, a first probability indicating a prob-
ability that both moving bodies are the same, second com-
putation means for deriving a second probability indicating
a probability that the moving body appearing in the first
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video does not appear in the second video on the basis of an
elapsed time after the moving body exits and disappears
from the first video, and determination means for determin-
ing whether or not the moving body appearing in the first
video and the moving body appearing in the second video
are the same on the basis of a comparison between the first
probability and the second probability.

[0007] An information processing method according to
the present invention executed by an information processing
system includes a step of receiving inputs of videos captured
by a plurality of imaging apparatuses, a step of detecting a
moving body appearing in a first video captured by a first
imaging apparatus among the plurality of imaging appara-
tuses and a moving body appearing in a second video
captured by a second imaging apparatus among the plurality
of imaging apparatuses, a step of deriving, on the basis of
similarity between a feature value of the moving body
appearing in the first video and a feature value of the moving
body appearing in the second video, a first probability in
which both moving bodies are the same, a step of deriving
a second probability in which the moving body appearing in
the first video does not appear in the second video On the
basis of an elapsed time after the moving body exits and
disappears from the first video, and a step of determining
whether or not the moving body appearing in the first video
and the moving body appearing in the second video are the
same on the basis of a comparison between the first prob-
ability and the second probability.

[0008] A program according to the present invention that
causes a computer to execute processing for receiving inputs
of videos captured by a plurality of imaging apparatuses,
processing for detecting a moving body appearing in a first
video captured by a first imaging apparatus among the
plurality of imaging apparatuses and a moving body appear-
ing in a second video captured by a second imaging appa-
ratus among the plurality of imaging apparatuses, processing
for deriving, on the basis of similarity between a feature
value of the moving body appearing in the first video and a
feature value of the moving body appearing in the second
video, a first probability in which both moving bodies are the
same, processing for deriving a second probability in which
the moving body appearing in the first video does not appear
in the second video on the basis of an elapsed time after the
moving body exits and disappears from the first video, and
processing for determining whether or not the moving body
appearing in the first video and the moving body appearing
in the second video are the same on the basis of a compari-
son between the first probability and the second probability.
[0009] Inthe present invention, “unit”, “means”, “device”,
or “system” does not refer simply to physical means but
includes a case in which a function possessed by the “unit”,
“means”, “device”, or “system” is realized with software. It
is also possible that a function of one “unit”, “means”,
“device”, or “system” is realized with two or more physical
means or devices, or alternatively functions of two or more
“units”, “means”, “devices”, or “systems” are realized with
one physical means or device.

Advantageous Effects of Invention

[0010] According to the present invention, it is possible to
provide an information processing system, an information
processing method, and a program capable of suitably
determining identicalness of moving bodies appearing in a
plurality of imaging apparatuses.
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BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1Ais a diagram illustrating a specific example
of a video of a video camera.

[0012] FIG. 1B is a diagram illustrating a specific example
of a video of a video camera.

[0013] FIG. 2Ais a chart illustrating a specific example of
non-appearance probability.

[0014] FIG. 2B is a chart illustrating a specific example of
non-appearance probability.

[0015] FIG. 3 is a functional block diagram illustrating a
schematic configuration of a tracking system according to a
first exemplary embodiment.

[0016] FIG. 4 is a diagram illustrating a specific example
of a display screen.

[0017] FIG. 5 is a flowchart illustrating a flow of process-
ing executed by an information processing server illustrated
in FIG. 1.

[0018] FIG. 6 is a block diagram illustrating a configura-
tion of hardware where the information processing server
illustrated in FIG. 1 is mountable.

[0019] FIG. 7 is a functional block diagram illustrating a
schematic configuration of a monitoring device according to
a second exemplary embodiment.

DESCRIPTION OF EMBODIMENTS

[0020] Exemplary embodiments of the present invention
will be described below. In the following description and the
illustration of the drawings referred to, identical or similar
reference signs are assigned to identical or similar configu-
rations, respectively.

1 First Exemplary Embodiment

[0021] FIG. 1 to FIG. 6 are figures for illustrating a first
exemplary embodiment. Referring to these figures, the pres-
ent exemplary embodiment will be described along the
following flow. Initially, in “1.1”, an outline of a determi-
nation method of a moving body according to the present
system is described. Then, in “1.2”, an outline of a func-
tional configuration of a system, in “1.3”, a flow of process-
ing, and in “1.4”, a specific example of a hardware configu-
ration where the present system is mountable are illustrated.
Lastly, in “1.5” and thereafter, advantageous effects accord-
ing to the present invention and others are described.

1.1 Outline

[0022] The present exemplary embodiment relates to a
system that tracks a motion of a moving body, for example,
by analyzing videos captured by a plurality of imaging
apparatuses (e.g. monitoring cameras) having imaging
ranges different from each other. Therefore, in the system
according to the present exemplary embodiment, when a
moving body determinable to be the same as a moving body
having exited and disappeared from a first imaging range
appears in a second imaging range, both moving bodies are
associated as the same moving body. In other words, the
present system determines identicalness of moving bodies.
[0023] As specific examples of the moving body, a person,
a car, a motorcycle, a bicycle, and the like are conceivable.
However, in the following description, a case in which a
person is tracked is mainly described. Referring to FIG. 1A
and FIG. 1B, a determination method for identicalness of
persons appearing in videos is considered below.
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[0024] To determine identicalness of persons, conceivable
is a method in which, for example, from images of persons
appearing in respective videos, feature values such as bright-
ness values or colors are extracted and then persons having
similarity of the feature values higher than a threshold are
determined as the same person.

[0025] However, as illustrated in FIG. 1A, upon tracking
aperson appearing in a video of a camera A at a time T, when
at a time T+1, a person having high similarity to a person to
be tracked appears first in a video of a camera B although the
person to be tracked has not yet appeared in the video (has
not yet arrived at an imaging range) of the camera B, the
person may be erroneously determined as the person to be
tracked.

[0026] To prevent such an erroneous association, a method
in which a threshold for a same person determination based
on similarity is set to be high is also conceivable. However,
when the threshold is set to be high, it is highly possible that
a determination for the same person is not performed even
when a person to be tracked appears.

[0027] As illustrated in FIG. 1B, for example, a case
where the camera A and the camera B are close to each other
and a probability in which a person other than a person to be
tracked appears in the camera B is low is assumed. In this
case, when a threshold for a similarity determination is
excessively high even though a highly accurate feature value
is unable to be acquired, for example, due to the fact that a
person appears small or at a different angle, a person
appearing in the camera B is not determined to be the same
as a person to he tracked.

[0028] Therefore, in the system according to the present
exemplary embodiment, person tracking (association of
persons) between cameras is performed, considering not
only similarity but also a probability in which a tracking
target does not appear. Detailed description is made below.
[0029] It is assumed that when a person appears in a video
of the camera B after t second elapsed after a person to be
tracked exits and disappears from a video of the camera A,
a probability in which the person to be tracked and the
person appearing in the video of the camera B are the same
person, the probability being computed on the basis of image
information, is designated as P. P is computed, for example,
on the basis of a degree of similarity between a feature value
of a tracking target person image (hereinafter, also referred
to simply as “a feature value of a person™) in a video of the
camera A and a person of a video appearing in the camera
B, and the like. As the feature value, various types of values
such as a color or brightness, a shape, a posture, and a
histogram thereof are conceivable.

[0030] Further, it is assumed that a probability in which a
person to be tracked is considered to have not yet appeared
in a video of the camera B is designated as Q. Q is a function
employing an elapsed time t after exiting and disappearing
from a video of the camera A as at least a part of variables,
and Q is a monotonously non-increasing function with
respect to t. Further, a decreased width of Q(t) differs,
depending on a distance between an imaging range of the
camera A and an imaging range of the camera B.

[0031] FIG. 2A and FIG. 2B each illustrate a specific
example of the probability Q(t). FIG. 2A illustrates changes
of Q(t) with respect to the time t in which a distance from
an imaging range of the camera A to an imaging range of the
camera B is long, and FIG. 2B illustrates changes of Q(t)
with respect to the time t in which the distance from the
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imaging range of the camera A to the imaging range of the
camera B is shorter than that of FIG. 2A.

[0032] Referring to FIG. 2A and FIG. 2B, in the case of the
time t=0, Q(t) is 1 in both figures. The reason is that when
the imaging range of the camera A and the imaging range of
the camera B are not overlapped, a person to be tracked is
not considered to appear in a video of the camera B at a
moment of exiting and disappearing from the camera A.
[0033] Thereafter, with an increase of t, Q(t) decreases.
However, the case of FIG. 2B is larger than the case of FIG.
2A in the decreasing rate of Q(t). The reason is that the
distance from the imaging range of the camera A to the
imaging range of the camera B is shorter in the case of FIG.
2B than in the case of FIG. 2A, and therefore it is conceiv-
able that it takes a shorter time, in the case of FIG. 2B, for
a person to he tracked for a long time to appear in a video
of the camera B after exiting and disappearing from a video
of the camera A.

[0034] In the system according to the present exemplary
embodiment, on the basis of such P and Q(t), when P>Q(t)
is satisfied, a person appearing in the camera B is determined
as a person to be tracked. As described above, when imaging
ranges of the camera A and the camera B are close to each
other, Q(t) decreases (a decreased width with respect to the
time t increases), and therefore, even when P is small, a
person appearing in the camera B and a person appearing in
the camera A are easily determined as the same person.
[0035] On the other hand, when the imaging ranges of the
camera A and the camera B are distant from each other, Q(t)
increases (a decreased width with respect to the time t
decreases), and therefore unless P is sufficiently large, the
person appearing in the camera B and the person appearing
in the camera A are not determined as the same person. In
this case, a value of P is updated by observing the person
who continuously appears in the camera B. It is conceivable
that when, for example, an image having high resolution or
an image having imaging conditions such as a posture, a
direction, and the like close to those of an image captured by
the camera A is obtained, the value of P is updated by
computing again a feature value in which the image is
treated as a priority. On the other hand, with each elapsed
time, a probability in which a person to be tracked does not
appear in a video of the camera B decreases, and therefore
a value of Q(t) also decreases. Therefore, when another
appropriate person candidate is not present, P>Q(t) is sat-
isfied with time and then a person appearing in the camera
B is determined as a person to be tracked.

[0036] In the above description, as information that
changes a value of Q(t), a distance between imaging ranges
of cameras has been cited, but in addition thereto, a plurality
of pieces of information that change the value of Q(t) are
conceivable. It is conceivable to make a consideration, for
example, whether an appearance is made in another camera.
When a person does not appear, even with an elapsed time,
in a video of another camera reachable from an imaging
range of the camera A, a probability in which a person
appearing in a video of the camera B is a person to be
tracked is high, and therefore a value of Q(t) is allowed to
decrease a decreased width with respect to the time t is
increased).

[0037] When there is a gateway through which a person to
be tracked is able to be directed toward another location
between the camera A and the camera B, it is conceivable
that a probability in which a person appears in an imaging
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range of a camera B is low. Therefore, in this case, a value
of Q(t) is allowed to increase (a decreased width with respect
to the time t is decreased).

[0038] Alternatively, when one or more persons appear in
a video of the camera A other than a person to be tracked and
the one or more other persons appear in a video of the
camera B, it is conceivable that a probability in which the
person to be tracked also appears in the video of the camera
B is high, and therefore a value of Q(t) is allowed to decrease
(a decreased width with respect to the time t is increased).

1.2 System Outline

1.2.1 Outline of the Entire System

[0039] With reference to FIG. 3, a system configuration of
a tracking system 1 equivalent to the information processing
system according to the present exemplary embodiment will
he described below. FIG. 1 is a block diagram illustrating a
system configuration of the tracking system 1.

[0040] The tracking system 1 roughly includes an infor-
mation processing server 100, a plurality of video cameras
200A to 200N that each capture (image) a video (moving
image), a display device 300, and an input device 400. The
video cameras 200A to 200N are collectively referred to also
as the video camera 200.

[0041] The tracking system 1 will be described below as
a system for tracking a person captured by the video camera
200. However, as described above, it is also conceivable that
a tracking target is allowed to be various types of moving
bodies such as a car, a bicycle, a motorcycle, an animal, and
the like.

[0042] The video camera 200 equivalent to an imaging
apparatus captures a video and also determines whether or
not there is a person in the captured video. In addition
thereto, the video camera 200 transmits information such as
a location and a feature value related to the person to the
information processing server 100, together with the cap-
tured video. Through a comparison of the captured video
between frames, the video camera 200 can perform person
tracking in the video.

[0043] It is possible that processing such as detection of a
person (detection of an image area related to the person) and
extraction of a feature value from a video, person tracking
in a camera, and the like is executed on, for example, the
information processing server 100 or another information
processing device, not illustrated, other than the video
camera 200.

[0044] The information processing server 100 analyzes
the video captured by the video camera 200 and thereby
executes various types of processing such as detection of a
person, registration of a person to be tracked, tracking of a
registered person, and the like.

[0045] A case in which person tracking is performed on
the basis of a real-time video captured by the video camera
200 is mainly described below, but without limitation
thereto, it is also conceivable to perform tracking (analysis),
for example, for a video captured by the video camera 200
and then stored on a storage device (e.g., an HDD (Hard
Disk Drive), VCR (Video Cassette Recorder), or the like).
Further, it is also conceivable to perform tracking by repro-
ducing in a reverse order (by reversely reproducing) the
video stored on the storage device. In general, when a certain
person has exhibited suspicious behavior, it is necessary to
examine via what route the person has moved until the
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behavior and what behavior the person has exhibited, and
therefore it is very useful to enable tracking by such reverse
reproduction to be performed.

[0046] In person tracking using the information process-
ing server 100, the information processing server 100 out-
puts a monitor screen to the display device 300 and also
inputs operation signals for various types of operation inputs
related to the person tracking from the input device 400.
More specifically, on the monitor screen displayed in the
display device 300, for example, a person to be tracked in a
video input from the video camera 200 is displayed as a
graphical user interface (GUI). A specific example of the
monitor screen displayed by the display device 300 will be
described later with reference to FIG. 4.

[0047] To provide such a monitor screen to the user, the
information processing server 100 functions to determine
whether or not a person appearing in a video is a person to
be tracked (whether or not the person appearing in the video
and the person to be tracked are the same person).

[0048] The display device 300 is a display that displays an
image on, for example, a liquid crystal, an organic EL
(Electro Luminescence), or the like. The monitor screen
output from the information processing server 100 is dis-
played by the display device 300 as describe above.
[0049] The input device 400 is a device for inputting
various pieces of information by the user. For example, a
pointing device, including a mouse, a touch pad, or a touch
panel, a keyboard, and the like correspond to the input
device 400.

[0050] Various types of configurations are conceivable for
the information processing server 100, the display device
300, and the input device 400. It is also conceivable that the
display device 300 and the input device 400 are realized as
one client device. Alternatively, it is possible to realize
functions possessed by the information processing server
100, the display device 300, and the input device 400 using
four or more information processing devices. When the
display device 300 and the input device 400 are realized as
one client device, a part of functions of the information
processing device 100 according to the present exemplary
embodiment may be included in the client device.

1.2.2 Functional Configuration of Information
Processing Server 100

[0051] A configuration of the information processing
server 100 according to the present exemplary embodiment
will be described below. The information processing server
100 includes, as illustrated in FIG. 3, an input unit 110, a
detection unit 120, a similarity computation unit 130, a
non-appearance probability computation unit 140, a person
determination unit 150, a display control unit 160, and a
database (DB) 170. A function of the information processing
server 100 may he realized using a plurality of information
processing devices (computers).

[0052] The input unit 110 outputs a video received from
the video camera. 200 to the display control unit 160 to
display the video on the display device 300. Further, the
input unit 110 registers information of a person detection
result received in the same manner from the video camera
200 on the DB 170 as detected person information 173. The
detected person information 173 registered on the DB 170
by the input unit 110 includes information of a feature value
of a person detected by the video camera 200.
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[0053] The detection unit 120 detects, on the basis of the
detected person information 173 indicating the person detec-
tion result for the video input from the video camera 200,
whether or not a person appears in the video. When a person
appears in the input video, the detection unit 120 transmits
the fact to the similarity computation unit 130 and the
non-appearance probability computation unit 140.

[0054] The similarity computation unit 1.30 computes
similarity between a feature value of a person to be pro-
cessed (e.g., a person appearing in a video displayed on the
display device 300) and a feature value of a person to be
tracked (a person caught by the video camera 200 before that
time), using the feature value registered as the detected
person information 173. When the similarity is high, a
probability in which both persons are the same person is
high. Therefore, the similarity computation unit 130 can use
the similarity as a probability P in which the both persons are
the same person, as described in the above “1.1”.

[0055] A feature value related to a person to be processed
(a person appearing in the video camera 200 to be processed)
is updated, as needed, with a movement of a person (a
change in the size of the person on the video, a change in the
posture and direction of the person, or the like). Therefore,
the similarity computation unit 130 computes similarity, as
needed, on the basis of an updated feature value.

[0056] The non-appearance probability computation unit
140 computes a probability (non-appearance probability) in
which a person to be tracked has not yet appeared in an
imaging range to be processed. The probability computed by
the non-appearance probability computation unit 140
decreases with an increase in an elapsed time t from a time
when the person to be tracked has exited and disappeared
from a video of the video camera 200 and is equivalent to
Q(t) described in the above “1.1”. Q(t) can be changed
according to information such as a distance between an
imaging range of the video camera 200 where a person to be
tracked has finally exited and disappeared and an imaging
range of the video camera 200 to be processed, whether or
not an appearance is made in another video camera 200, and
whether or not a person located in a vicinity of the person to
be tracked has already appeared in a video of the video
camera 200 to be processed.

[0057] The person determination unit 150 compares a
probability P equivalent to the similarity computed by the
similarity computation unit 130 and a non-appearance prob-
ability Q(t) computed by the non-appearance probability
computation unit 140. The person determination unit 150
determines, on the basis of the comparison result, whether or
not the person appearing in the video camera 200 to be
processed is the same as the person to he tracked. More
specifically, as described above, when P>Q(t) is satisfied,
the person determination unit 150 can determine the person
appearing in the video camera 200 to be processed as the
person to be tracked. On the other hand, when P=Q(t) is
satisfied, the person determination unit 150 can determine
that a probability in which the person appearing in the video
camera 200 to be processed is the same as the person to he
tracked is low.

[0058] The display control unit 160 generates a monitor
screen including a video of the video camera 200 input by
the input unit 110, a GUI indicating a same person deter-
mination result (i.e., whether to be a person to be tracked) by
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the person determination unit 150, and others. The display
control unit 160 outputs the generated monitor screen to the
display device 300.

[0059] A specific example of the monitor screen generated
by the display control unit 160 is described with reference to
FIG. 4. Since a probability P is larger than a predetermined
threshold, a probability in which a person is determined as
the same person is high, but when it is difficult to perform
a determination for the same person since the probability P
is smaller than Q(t), it is possible that a state (tentative
association state) of the person is indicated using a rectangle
of a dotted line as illustrated on the left side of FIG. 4 and
when P has become larger than Q(t), the rectangle surround-
ing the person is surrounded with a solid line as illustrated
on the right side of FIG. 4 to notify the user of the fact that
the person appearing in a video has been determined as a
person to be tracked. In this case, when another person more
likely to be the person to he tracked appears in the video of
the video camera 200, it is conceivable that the person to be
tentatively associated (the person indicated to the user using
a rectangle of a dotted line) is shifted.

[0060] The DB 170 manages probability information 171
and detected person information 173. The probability infor-
mation 171 is information such as a function to compute a
non-appearance probability Q(t) for which specific
examples have been illustrated in FIG. 2A and FIG. 2B. The
non-appearance probability computation unit 140 provides
information such as an elapsed time t and the like to the
probability information 171 to compute a value of the
non-appearance probability Q(t).

[0061] The detected person information 173 is informa-
tion on a person captured and detected by the video camera
200. The detected person information 173 includes infor-
mation about via which route a movement has been made,
a feature value for a detected person, and the like.

1.3 Flow of Processing

[0062] Next, a flow of processing of the information
processing server 100 will be described with reference to
FIG. 5. FIG. 5 is a flowchart illustrating a flow of processing
of the information processing server 100 according to the,
present exemplary embodiment.

[0063] Respective processing steps to be described below
are executable by changing orders optionally or in parallel
unless a contradiction in the processing contents occur, and
another step may be added between the respective process-
ing steps. Further, a step described as a single step for
convenience is executable by being divided into a plurality
of steps, and steps described as a plurality of divided steps
for convenience are executable as a single step.

[0064] Initially, the detection unit 120 detects, on the basis
of information from the video camera 200 received in the
input unit 110, that a person to be tracked has exited and
disappeared from a video captured by the video camera 200
(hereinafter, this video camera :200 will be referred to also
as the “camera A”) (S501). When the person to be tracked
has exited and disappeared, the non-appearance probability
computation unit 140 measures an elapsed time thereafter.
[0065] The detection unit 120 determines whether or not a
person has appeared in a video of the video camera 200
(hereinafter, this video camera 200 will be referred to also as
the “camera B”) reachable by the person from an imaging
area of the camera A (S503). When the person to be tracked
has appeared in the camera B (Yes in S503), the similarity
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computation unit 130 reads a feature value on the basis of an
image of the person to be tracked captured by the camera A
or before that time and a feature value of the target person
having appeared in the camera B from the detected person
information 173 of the DB 170 and computes similarity of
both persons. The similarity computation unit 130 deter-
mines a probability P in which the both persons are the same
person from the similarity (S505).

[0066] On the other hand, the non-appearance probability
computation unit 140 computes an elapsed time t after the
person to be tracked has exited and disappeared from the
image of the camera A and computes, on the basis of the
elapsed time and the probability information 171 stored on
the DB 170, a probability Q(t) in which the person to be
tracked appears in a video of the camera B at the elapsed
time t (S507).

[0067] The person determination unit 150 compares the
probability P computed in the similarity computation unit
130 and Q(t) computed in the non-appearance probability
computation unit 140 (S509). As a result, when P is larger
than Q(t) (Yes in S509), the person appearing in the camera
B can be determined to be the same as the person to be
tracked. Therefore, the person determination unit 150 asso-
ciates both persons as the same person and then continues
tracking (S511).

[0068] On the other hand, when P is equal to or smaller
than Q(t) (No in S509), the person determination unit 150
determines whether or not another person (a person other
than the person to be processed) appearing in the camera B
or each person appearing in a video being captured by
another video camera 200 at the current time has been
associated with the person to be tracked (has been deter-
mined to be the same person) (S513). When another person
has been associated with the person to be tracked (Yes in
S513), the person to be processed appearing in the camera
B is not the person to be tacked and then the processing is
terminated. When any person of respective persons appear-
ing in each video at the current time has not yet been
associated with the person to be tracked (No in S513), the
processing is returned to S505 and then repeated again on
the basis of a newly extracted feature value and an elapsed
time.

1.4 Hardware Configuration

[0069] One example of a hardware configuration in which
the information processing server 100 described above is
realized using a computer will be described with reference
to FIG. 6. As described above, a function of the information
processing server 100 can be also realized using a plurality
of information processing devices.

[0070] As illustrated in FIG. 6, the information processing
server 100 includes a processor 601, a memory 603, a
storage device 605, an input interface (I/F) 607, a data I/F
609, a communication I/F 611, and a display device 613.

[0071] The processor 601 executes a program stored on
the memory 603 to control various types of processing in the
information processing server 100. For example, processing
for the input unit 110, the detection unit 120, the similarity
computation unit 130, the non-appearance probability com-
putation unit 140, the person determination unit 150, and the
display control unit 160 described in FIG. 3 can be realized
as a program mainly operating on the processor 601 by being
temporarily stored on the memory 603.
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[0072] The memory 603 is, for example, a storage medium
such as a RAM (Random Access Memory) or the like. The
memory 603 temporarily stores program codes of a program
executed by the processor 601 and data necessary upon
executing the program. In a storage area of the memory 603,
for example, a stack area necessary during program execu-
tion is secured.

[0073] The storage device 605 is a non-volatile storage
medium such as a hard disk, a flash memory, or the like. The
storage device 605 stores an operating system, various types
of programs for realizing the input unit 110, the detection
unit 120, the similarity computation unit 130, the non-
appearance probability computation unit 140, the person
determination unit 150, and the display control unit 160, and
various pieces of data including probability information 171
and detected person information 173 stored as the DB 170.
The programs and the pieces of data stored on the storage
device 605 are loaded on the memory 603 as needed and
referred to from the processor 601.

[0074] The input I/F 607 is a device for receiving an input
from the user. The input device 400 described in FIG. 3 can
be also realized using the input I/'F 607. Specific examples
of the input I/F 607 include a keyboard, a mouse, a touch
panel, and the like. The input I/F 607 may be connected with
the information processing server 100 via an interface such
as a USB (Universal Serial Bus) or the like.

[0075] The data I/F 609 is a device for inputting data from
the outside of the information processing server 100. Spe-
cific examples of the data I/F 609 include a drive device and
the like for reading pieces of data stored on various types of
storage media. It is also conceivable that the data I/F 609 is
disposed outside the information processing server 100. In
this case, the data I/F 609 is connected with the information
processing server 100 via an interface such as a USB or the
like.

[0076] The communication I/F 611 is a device for per-
forming wired or wireless data communications to a device
outside the information processing server 100, such as the
video camera 200 or the like. It is also conceivable that the
communication I/F 611 is disposed outside the information
processing server 1.00. In this case, the communication I/F
611 is connected with the information processing server 100
via an interface such as a USB or the like.

[0077] The display device 613 is a device for displaying
various pieces of information. The display device 300
described in FIG. 1 can be also realized using the display
device 613. Specific examples of the display device 613
include, for example, a liquid crystal display, an organic EL.
display, and the like. The display device 613 may be
disposed outside the information processing server 100. in
this case, the display device 613 is connected with the
information processing server 100 via, for example, a.
display cable, or the like.

1.5 Advantageous Effects according to the Present
Exemplary Embodiment

[0078] As described above, in the tracking system 1
according to the present exemplary embodiment, not only
similarity of a feature value of a person image appearing in
a video of the video camera 200 but also a non-appearance
probability on the basis of an elapsed time after exiting and
disappearing from a previous video are taken into account,
and identicalness of the person is determined (the person is
tracked). Thereby, even if a feature value having sufficient
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accuracy is not acquired when a person appears in a video
of the camera B after a person to be tracked has exited and
disappeared from a video of the camera A, the person can be
associated with the person to be tracked when imaging
ranges of the camera A and the camera B are close to each
other and a probability of an error is low. When a person to
be tracked exits and disappears from the camera A and
immediately thereafter, a person having a feature value
similar to that of the person to be tracked appears although
a distance between the camera A and the camera B is long,
the person can be prevented from being erroneously asso-
ciated with the person to be tracked. In other words, it is
possible to suitably determine identicalness of moving bod-
ies appearing in a plurality of imaging apparatuses.

2 Second Exemplary Embodiment

[0079] With reference to FIG. 7, a second exemplary
embodiment will be described below. FIG. 7 is a block
diagram illustrating a functional configuration of a monitor-
ing device 700 that is an information processing system. As
illustrated in FIG. 7, the monitoring device 700 includes an
input unit 710, a detection unit 720, a first computation unit
730, a second computation unit 740, and a determination
unit 750. The input unit 710 can receive an input of a video
captured by an imaging apparatus (e.g., a video camera) not
illustrated.

[0080] The detection unit 720 detects a moving body
appearing in a video (hereinafter, referred to as a first video)
captured by a given video camera (hereinafter, referred to as
a first imaging apparatus) among a plurality of imaging
apparatuses and a moving body appearing in a video (here-
inafter, referred to as a second video) captured by another
video camera (hereinafter, referred to as a second imaging
apparatus) among the plurality of imaging apparatuses.
[0081] The first computation unit 730 derives, on the basis
of similarity between the moving body appearing in the first
video and the moving body appearing in the second video,
a probability (hereinafter, referred to as a first probability) in
which both moving bodies are the same moving body.
[0082] The second computation unit 740 derives, on the
basis of an elapsed time after a moving body has exited and
disappeared from the first video, a probability (hereinafter,
referred to as a second probability) in which the moving
body (the moving body appearing in the first video) does not
appear in the second video.

[0083] The determination unit 750 determines, on the
basis of a comparison between the first probability and the
second probability, whether or not the moving body appear-
ing in the first video and the moving body appearing in the
second video are the same.

[0084] When such mounting is performed, the monitoring
device 700 according to the present exemplary embodiment
makes it possible to suitably determine identicalness of
moving bodies appearing in a plurality of imaging appara-
tuses.

3 Supplementary Matters

[0085] The configurations of the exemplary embodiments
may be subjected to combinations or replacements of a part
of components. Further, the constitution of the present
invention is not limited to only the exemplary embodiments
and can be subjected to various modifications without
departing from the gist of the present invention.
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[0086] A part or the whole of the exemplary embodiments
can be also described as in the following supplementary
notes, but the present invention is not limited to the follow-
ing. Further, the program of the present invention may be a
program that causes a computer to execute the respective
operations described in the exemplary embodiments.

Supplementary Note 1

[0087] An information processing system including: input
means for receiving inputs of videos captured by a plurality
of imaging apparatuses; detection means for detecting a
moving body appearing in a first video captured by a first
imaging apparatus among the plurality of imaging appara-
tuses and a moving body appearing in a second video
captured by a second imaging apparatus among the plurality
of imaging apparatuses; first computation means for deriv-
ing, on the basis of similarity between a feature value of the
moving body appearing in the first video and a feature value
of the moving body appearing in the second video, a first
probability in which both moving bodies are the same;
second computation means for deriving a second probability
in which the moving body appearing in the first video does
not appear in the second video on the basis of an elapsed
time after the moving body exits and disappears from the
first video; and determination means for determining
whether or not the moving body appearing in the first video
and the moving body appearing in the second video are the
same on the basis of a comparison between the first prob-
ability and the second probability.

Supplementary Note 2

[0088] The information processing system according to
Supplementary Note 1, wherein the determination unit
determines that the moving body appearing in the first video
and the moving body appearing in the second video are the
same when the first probability is larger than the second
probability.

Supplementary Note 3

[0089] The information processing system according to
Supplementary Note 1 or Supplementary Note 2, wherein
the second probability is monotonously non-increasing with
respect to an elapsed time after the moving body exits and
disappears from the first video.

Supplementary Note 4

[0090] The information processing system according to
Supplementary Note 3, wherein the second probability
exhibits a less decreased width with respect to an elapsed
time when a distance from an imaging range of the first
imaging apparatus to an imaging range of the second imag-
ing apparatus is long than when the distance from the
imaging range of the first imaging apparatus to the imaging
range of the second imaging apparatus is short.

Supplementary Note 5

[0091] The information processing system according to
any one of Supplementary Note 1 to Supplementary Note 4,
the system further including display control means for
displaying the second video on a display device, the display
control means changing a display method, when the moving
body appearing in the second video is the same as the
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moving body appearing in the first video, into a different
display method from a display method used before the
moving bodies are determined to be the same moving body.

Supplementary Note 6

[0092] The information processing system according to
Supplementary Note 1 to Supplementary Note 5, wherein
the determination means determines whether or not any one
of a plurality of moving bodies appearing in the first video
at the same time is the same as a part of moving bodies
appearing in the second video, and the second computation
means lowers the second probability for a moving body that
is not associated with the moving body appearing in the
second video among the plurality of moving bodies when
there is a moving body determined to be the same as the
moving body appearing in the second video among the
plurality of moving bodies.

Supplementary Note 7

[0093] An information processing method executed by an
information processing system, the method including: a step
of receiving inputs of videos captured by a plurality of
imaging apparatuses; a step of detecting a moving body
appearing in a first video captured by a first imaging
apparatus among the plurality of imaging apparatuses and a
moving body appearing in a second video captured by a
second imaging apparatus among the plurality of imaging
apparatuses; a step of deriving, on the basis of similarity
between a feature value of the moving body appearing in the
first video and a feature value of the moving body appearing
in the second video, a first probability in which both moving
bodies are the same; a step of deriving a second probability
in which the moving body appearing in the first video does
not appear in the second video on the basis of an elapsed
time after the moving body exits and disappears from the
first video; and a step of determining whether or not the
moving body appearing in the first video and the moving
body appearing in the second video are the same on the basis
of'a comparison between the first probability and the second
probability.

Supplementary Note 8

[0094] The information processing method according to
Supplementary Note 7, the method determining that the
moving body appearing in the first video and the moving
body appearing in the second video are the same when the
first probability is larger than the second probability.

Supplementary Note 9

[0095] The information processing method according to
Supplementary Note 7 or Supplementary Note 8, wherein
the second probability is monotonously non-increasing with
respect to an elapsed time after the moving body exits and
disappears from the first video.

Supplementary Note 10

[0096] The information processing method according to
Supplementary Note 9, wherein the second probability
exhibits a less decreased width with respect to an elapsed
time when a distance from an imaging range of the first
imaging apparatus to an imaging range of the second imag-
ing apparatus is long than when the distance from the



US 2021/0012632 Al

imaging range of the first imaging apparatus to the imaging
range of the second imaging apparatus is short.

Supplementary Note 11

[0097] The information processing method according to
any one of Supplementary Note 1 to Supplementary Note 4,
the method further including a step of displaying the second
video on a display device, the step changing a display
method, when the moving body appearing in the second
video is the same as the moving body appearing in the first
video, into a different display method from a display method
used before the moving bodies are determined to be the same
moving body.

Supplementary Note 12

[0098] The information processing method according to
Supplementary Note 7 to Supplementary Note 11, the
method determining whether or not any one of a plurality of
moving bodies appearing in the first video at the same time
is the same as a part of moving bodies appearing in the
second video, and lowering the second probability for a
moving body that is not associated with the moving body
appearing in the second video among the plurality of moving
bodies when there is a moving body determined to be the
same as the moving body appearing in the second video
among the plurality of moving bodies.

Supplementary Note 13

[0099] A program that causes a computer to execute:
processing for receiving inputs of videos captured by a
plurality of imaging apparatuses; processing for detecting a
moving body appearing in a first video captured by a first
imaging apparatus among the plurality of imaging appara-
tuses and a moving body appearing in a second video
captured by a second imaging apparatus among the plurality
of' imaging apparatuses; processing for deriving, on the basis
of similarity between a feature value of the moving body
appearing in the first video and a feature value of the moving
body appearing in the second video, a first probability in
which both moving bodies are the same; processing for
deriving a second probability in which the moving body
appearing in the first video does not appear in the second
video on the basis of an elapsed time after the moving body
exits and disappears from the first video; and processing for
determining whether or not the moving body appearing in
the first video and the moving body appearing in the second
video are the same on the basis of a comparison between the
first probability and the second probability.

Supplementary Note 14

[0100] The program according to Supplementary Note 13,
the program causing a computer to determine that the
moving body appearing in the first video and the moving
body appearing in the second video are the same when the
first probability s larger than the second probability.

Supplementary Note 15

[0101] The program according to Supplementary Note 13
or Supplementary Note 14, wherein the second probability
is monotonously non-increasing with respect to an elapsed
time after the moving body exits and disappears from the
first video.
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Supplementary Note 16

[0102] The program according to Supplementary Note 15,
wherein the second probability exhibits a less decreased
width with respect to an elapsed time when a distance from
an imaging range of the first imaging apparatus to an
imaging range of the second imaging apparatus is long than
when the distance from the imaging range of the first
imaging apparatus to the imaging range of the second
imaging apparatus is short.

Supplementary Note 17

[0103] The program according to any one of Supplemen-
tary Note 13 to Supplementary Note 16, the program further
causing a computer to execute processing for displaying the
second video on a display device and to change changing a
display method, when the moving body appearing in the
second video is the same as the moving body appearing in
the first video, into a different display method from a display
method used before the moving bodies are determined to be
the same moving body.

Supplementary Note 18

[0104] The program according to Supplementary Note 13
to Supplementary Note 17, the program causing a computer
to determine whether or not any one of a plurality of moving
bodies appearing in the first video at the same time is the
same as a part of moving bodies appearing in the second
video, and to lower the second probability for a moving
body that is not associated with the moving body appearing
in the second video among the plurality of moving bodies
when there is a moving body determined to be the same as
the moving body appearing in the second video among the
plurality of moving bodies.

[0105] This application claims the benefit of priority based
on Japanese patent application No. 2013-093849 filed on
Apr. 26, 2013, the disclosure of which is incorporated herein
in its entirety by reference.

REFERENCE SIGNS LIST

[0106] 1 Tracking system

[0107] 100 Information processing server
[0108] 110 Input unit

[0109] 120 Detection unit

[0110] 130 Similarity computation unit
[0111] 140 Non-appearance probability computation unit
[0112] 150 Person determination unit
[0113] 160 Display control unit

[0114] 171 Probability information
[0115] 173 Detected person information
[0116] 200 Video camera

[0117] 300 Display device

[0118] 400 Input device

[0119] 601 Processor

[0120] 603 Memory

[0121] 605 Storage device

[0122] 607 Input interface

[0123] 609 Data interface

[0124] 611 Communication interface
[0125] 613 Display device

[0126] 700 Monitoring device

[0127] 710 Input unit

[0128] 720 Detection unit
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[0129] 730 First computation unit
[0130] 740 Second computation unit
[0131] 750 Determination unit

1-8. (canceled)

9. An information processing system comprising:

at least one memory storing instructions; and

at least one processor configured to execute the instruc-

tions to:

receive inputs of videos captured by a plurality of
imaging apparatuses;

detect a first person image appearing in a first video
captured by a first imaging apparatus among the
plurality of imaging apparatuses and a second person
image appearing in a second video captured by a
second imaging apparatus among the plurality of
imaging apparatuses;

associate a first person with a second person, based on
a first feature value of the first person and a second
feature value of the second person; and

provide an elapsed time from a first time point when the
first person disappears from the first video to a
second time point when the second person appears in
the second video,

wherein the first feature value and the second feature
value include information based on histogram.

10. The information processing system according to claim
9, wherein the elapsed time is provided after the first person
associated with the second person, based on the first feature
value of the first person and the second feature value of the
second person.

11. The information processing system according to claim
9, wherein the at least one processor is further configured to
execute the instructions to control a display device to display
a image that includes the second person who is set as a
monitoring target being highlighted,

wherein a person appears in at least one of the first video

and the second video, and is associated with a person
appearing in another video.

12. The information processing system according to claim
11, wherein the at least one processor is further configured
to execute the instructions to change a manner to highlight
the second person included in the image, based on the
elapsed time and a similarity between the first feature value
and the second feature value.

13. The information processing system according to claim
12, wherein the at least one processor is further configured
to execute the instructions to:

compute the similarity,

wherein the elapsed time is provided after the similarity

computed.

14. The information processing system according to claim
12, wherein the at least one processor is further configured
to execute the instructions to:

compute a first probability indicating that the first person

and the second person are same based on the similarity,
and a second probability that the first person and the
second person are not the same based on the elapsed
time,

wherein the manner to highlight the second person

included in the image is changed, based on a result of
comparison between the first probability and the second
probability.

15. An information processing method performed by at
least one computer, the method comprising:
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receiving inputs of videos captured by a plurality of

imaging apparatuses;

detecting a first person image appearing in a first video

captured by a first imaging apparatus among the plu-
rality of imaging apparatuses and a second person
image appearing in a second video captured by a
second imaging apparatus among the plurality of imag-
ing apparatuses;

associating a first person with a second person, based on

a first feature value of the first person and a second
feature value of the second person; and

providing an elapsed time from a first time point when the

first person disappears from the first video to a second
time point when the second person appears in the
second video,

wherein the first feature value and the second feature

value include information based on histogram.

16. The information processing method according to
claim 15, wherein the elapsed time is provided after the first
person associated with the second person, based on the first
feature value of the first person and the second feature value
of the second person.

17. The information processing method according to
claim 15, further comprising:

controlling a display device to display a image that

includes the second person who is set as a monitoring
target being highlighted,

wherein a person appears in at least one of the first video

and the second video, and is associated with a person
appearing in another video.

18. The information processing method according to
claim 17, further comprising:

changing a manner to highlight the second person

included in the image, based on the elapsed time and a
similarity between the first feature value and the second
feature value.

19. The information processing method according to
claim 18, further comprising:

computing the similarity,
wherein the elapsed time is provided after the similarity
computed.

20. The information processing method according to
claim 18, further comprising

computing a first probability indicating that the first

person and the second person are same based on the
similarity, and a second probability that the first person
and the second person are not the same based on the
elapsed time,

wherein the manner to highlight the second person

included in the image is changed, based on a result of
comparison between the first probability and the second
probability.

21. A non-transitory computer readable recording medium
storing programs, the programs causing at least one com-
puter to perform:

receiving inputs of videos captured by a plurality of

imaging apparatuses;

detecting a first person image appearing in a first video

captured by a first imaging apparatus among the plu-
rality of imaging apparatuses and a second person
image appearing in a second video captured by a
second imaging apparatus among the plurality of imag-
ing apparatuses;
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associating a first person with a second person, based on
a first feature value of the first person and a second
feature value of the second person; and

providing an elapsed time from a first time point when the

first person disappears from the first video to a second
time point when the second person appears in the
second video,

wherein the first feature value and the second feature

value include information based on histogram.

22. The non-transitory computer readable recording
medium according to claim 21, wherein the elapsed time is
provided after the first person associated with the second
person, based on the first feature value of the first person and
the second feature value of the second person.

23. The non-transitory computer readable recording
medium according to claim 21, wherein the programs fur-
ther causes the computer to perform:

controlling a display device to display a image that

includes the second person who is set as a monitoring
target being highlighted,

wherein a person appears in at least one of the first video

and the second video, and is associated with a person
appearing in another video.

24. The non-transitory computer readable recording
medium according to claim 23, wherein the programs fur-
ther causes the computer to perform:
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changing a manner to highlight the second person
included in the image, based on the elapsed time and a
similarity between the first feature value and the second
feature value.

25. The non-transitory computer readable recording
medium according to claim 24, wherein the programs fur-
ther causes the computer to perform:

computing the similarity,

wherein the elapsed time is provided after the similarity
computed.

26. The non-transitory computer readable recording
medium according to claim 24, wherein the programs fur-
ther causes the computer to perform:

computing a first probability indicating that the first
person and the second person are same based on the
similarity, and a second probability that the first person
and the second person are not the same based on the
elapsed time,

wherein the manner to highlight the second person
included in the image is changed, based on a result of
comparison between the first probability and the second
probability.



