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[Document Name] SPECIFICATION

[Title of Invention] IMAGE PROCESSING APPARATUS, IMAGE PROCESSING
METHOD, AND PROGRAM

[Technical Field]

[0001]

The present invention relates to an image processing apparatus, an image
processing method, and a program.
[Background Art]

[0002]

In recent years, in a surveillance system and the like, a technique for
detecting and searching for a state such as a pose and behavior of a person from
an image of a surveillance camera is used. For example, Patent Documents 1
and 2 have been known as related techniques. Patent Document 1 discloses a
technique for searching for a similar pose of a person, based on a key joint of a
head, a hand, a foot, and the like of the person included in a depth video.
Patent Document 2 discloses a technique for searching for a similar image by
using pose information such as a tilt provided to an image, which is not related
to a pose of a person. Patent Document 3 discloses a technique for receiving
an input that specifies a person desired to be searched on an image, and
searching for an image including the specified person. Patent Document 4
discloses a technique for acquiring, from an image, pose information about a
search target being formed of a plurality of feature points, and searching for an
image including a pose similar to a pose determined in the pose information.
Note that, in addition, Non-Patent Document 1 has been known as a technique
related to a skeleton estimation of a person.

[Related Document]
[Patent Document]
[0003]

[Patent Document 1] Japanese Patent Application Publication
(Translation of PCT Application) No. 2014-522035

[Patent Document 2] Japanese Patent Application Publication No. 2006-
260405

[Patent Document 3] Japanese Patent Application Publication No. 2020-
13290
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[Patent Document 4] Japanese Patent Application Publication No. 2019-
91138
[Non-Patent Document]

[0004]

[Non-Patent Document 1] Zhe Cao, Tomas Simon, Shih-En Wei, Yaser
Sheikh, “Realtime Multi-Person 2D Pose Estimation using Part Affinity Fields”,
The IEEE Conference on Computer Vision and Pattern Recognition (CVPR),
2017, P. 7291-7299
[Disclosure of the Invention]

[Technical Problem]
[0005]

Patent Documents 1 and 4 are techniques for searching for an image
including a person in a predetermined state, but there is room for improvement
in an input method of a search query. Patent Documents 2 and 3 are not
techniques for searching for an image including a person in a predetermined
state.

[0006]

An object of the present invention is to achieve a user-friendly input
means of a search query in a system for searching for an image including a
person in a predetermined state.

[Solution to Problem]
[0007]

The present invention provides an image processing apparatus including:

an image acquisition means for acquiring an image;

a selection means for selecting at least one person included in the image,
based on a user input;

a skeleton structure detection means for detecting a two-dimensional
skeleton structure of a person included in the image;

a feature value computation means for computing a feature value of the
detected two-dimensional skeleton structure; and

a search means for searching, from analysis target images, for the
analysis target image including a person in a state similar to a state of the
selected person, based on a degree of similarity to a feature value of the two-

dimensional skeleton structure.
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[0008]

Further, the present invention provides an image processing method
including,

by a computer:

acquiring an image;

selecting at least one person included in the image, based on a user
input;

detecting a two-dimensional skeleton structure of a person included in
the image;

computing a feature value of the detected two-dimensional skeleton
structure; and

searching, from analysis target images, for the analysis target image
including a person in a state similar to a state of the selected person, based on a
degree of similarity to a feature value of the two-dimensional skeleton structure.
[0009]

Further, the present invention provides a program causing a computer to
function as:

an image acquisition means for acquiring an image;

a selection means for selecting at least one person included in the image,
based on a user input;

a skeleton structure detection means for detecting a two-dimensional
skeleton structure of a person included in the image;

a feature value computation means for computing a feature value of the
detected two-dimensional skeleton structure; and

a search means for searching, from analysis target images, for the
analysis target image including a person in a state similar to a state of the
selected person, based on a degree of similarity to a feature value of the two-
dimensional skeleton structure.
[Advantageous Effects of Invention]
[0010]

The present invention achieves a user-friendly input means of a search
query in a system for searching for an image including a person in a
predetermined state.

[Brief Description of the Drawings]
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[0011]

[Fig. 1] Fig. 1 is a configuration diagram illustrating an outline of an
image processing apparatus according to an example embodiment.

[Fig. 2] Fig. 2 is a configuration diagram illustrating a configuration of
an image processing apparatus according to an example embodiment 1.

[Fig. 3] Fig. 3 is a flowchart illustrating an image processing method
according to the example embodiment 1.

[Fig. 4] Fig. 4 is a flowchart illustrating a classification method
according to the example embodiment 1.

[Fig. 5] Fig. 5 is a flowchart illustrating a search method according to
the example embodiment 1.

[Fig. 6] Fig. 6 is a diagram illustrating a detection example of skeleton
structures according to the example embodiment 1.

[Fig. 7] Fig. 7 is a diagram illustrating a human model according to the
example embodiment 1.

[Fig. 8] Fig. 8 is a diagram illustrating a detection example of the
skeleton structure according to the example embodiment 1.

[Fig. 9] Fig. 9 is a diagram illustrating a detection example of the
skeleton structure according to the example embodiment 1.

[Fig. 10] Fig. 10 is a diagram illustrating a detection example of the
skeleton structure according to the example embodiment 1.

[Fig. 11] Fig. 11 is a graph illustrating a specific example of the
classification method according to the example embodiment 1.

[Fig. 12] Fig. 12 is a diagram illustrating a display example of a
classification result according to the example embodiment 1.

[Fig. 13] Fig. 13 is a diagram for describing the search method according
to the example embodiment 1.

[Fig. 14] Fig. 14 is a diagram for describing the search method according
to the example embodiment 1.

[Fig. 15] Fig. 15 is a diagram for describing the search method according
to the example embodiment 1.

[Fig. 16] Fig. 16 is a diagram for describing the search method according
to the example embodiment 1.

[Fig. 17] Fig. 17 is a diagram illustrating a display example of a search
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result according to the example embodiment 1.

[Fig. 18] Fig. 18 is a configuration diagram illustrating a configuration
of an image processing apparatus according to an example embodiment 2.

[Fig. 19] Fig. 19 is a flowchart illustrating an image processing method
according to the example embodiment 2.

[Fig. 20] Fig. 20 is a flowchart illustrating a specific example 1 of a
height pixel number computation method according to the example embodiment
2.

[Fig. 21] Fig. 21 is a flowchart illustrating a specific example 2 of a
height pixel number computation method according to the example embodiment
2.

[Fig. 22] Fig. 22 is a flowchart illustrating the specific example 2 of the
height pixel number computation method according to the example embodiment
2.

[Fig. 23] Fig. 23 is a flowchart illustrating a normalization method
according to the example embodiment 2.

[Fig. 24] Fig. 24 is a diagram illustrating a human model according to
the example embodiment 2.

[Fig. 25] Fig. 25 is a diagram illustrating a detection example of a
skeleton structure according to the example embodiment 2.

[Fig. 26] Fig. 26 is a diagram illustrating a detection example of a
skeleton structure according to the example embodiment 2.

[Fig. 27] Fig. 27 is a diagram illustrating a detection example of a
skeleton structure according to the example embodiment 2.

[Fig. 28] Fig. 28 is a diagram illustrating a human model according to
the example embodiment 2.

[Fig. 29] Fig. 29 is a diagram illustrating a detection example of a
skeleton structure according to the example embodiment 2.

[Fig. 30] Fig. 30 is a histogram for describing the height pixel number
computation method according to the example embodiment 2.

[Fig. 31] Fig. 31 is a diagram illustrating a detection example of a
skeleton structure according to the example embodiment 2.

[Fig. 32] Fig. 32 is a diagram illustrating a three-dimensional human

model according to the example embodiment 2.
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[Fig. 33] Fig. 33 is a diagram for describing the height pixel number
computation method according to the example embodiment 2.

[Fig. 34] Fig. 34 is a diagram for describing the height pixel number
computation method according to the example embodiment 2.

[Fig. 35] Fig. 35 is a diagram for describing the height pixel number
computation method according to the example embodiment 2.

[Fig. 36] Fig. 36 is a diagram for describing the normalization method
according to the example embodiment 2.

[Fig. 37] Fig. 37 is a diagram for describing the normalization method
according to the example embodiment 2.

[Fig. 38] Fig. 38 is a diagram for describing the normalization method
according to the example embodiment 2.

[Fig. 39] Fig. 39 is a diagram schematically illustrating one example of
information processed by the image processing apparatus.

[Fig. 40] Fig. 40 is a diagram schematically illustrating one example of
information processed by the image processing apparatus.

[Fig. 41] Fig. 41 is a diagram illustrating a hardware configuration
example of the image processing apparatus.

[Fig. 42] Fig. 42 is a diagram schematically illustrating one example of a
screen output from the image processing apparatus.

[Fig. 43] Fig. 43 is a diagram schematically illustrating one example of a
screen output from the image processing apparatus.

[Fig. 44] Fig. 44 is a diagram schematically illustrating one example of a
screen output from the image processing apparatus.

[Fig. 45] Fig. 45 is a diagram schematically illustrating one example of a
screen output from the image processing apparatus.

[Fig. 46] Fig. 46 is a diagram schematically illustrating one example of a
screen output from the image processing apparatus.

[Fig. 47] Fig. 47 is a diagram schematically illustrating one example of a
screen output from the image processing apparatus.

[Fig. 48] Fig. 48 is a diagram schematically illustrating one example of a
screen output from the image processing apparatus.

[Fig. 49] Fig. 49 is a flowchart illustrating one example of a flow of

processing of the image processing apparatus.
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[Fig. 50] Fig. 50 is a flowchart illustrating one example of a flow of
processing of the image processing apparatus.

[Fig. 51] Fig. 51 is a diagram schematically illustrating one example of a
screen output from the image processing apparatus.

[Fig. 52] Fig. 52 is a diagram schematically illustrating one example of a
screen output from the image processing apparatus.

[Description of Embodiments]
[0012]

Hereinafter, example embodiments of the present invention will be
described with reference to the drawings. Note that, in all of the drawings, a
similar component has a similar reference sign, and description thereof will be
appropriately omitted.

[0013]
(Consideration for Example Embodiment)

In recent years, an image recognition technique using machine learning
such as deep learning is applied to various systems. For example, application
to a surveillance system for performing surveillance by an image of a
surveillance camera has been advanced. By using machine learning in the
surveillance system, a state such as a pose and behavior of a person is being
recognizable from an image to some extent.

[0014]

However, in such a related technique, a state of a person desired by a
user may not be necessarily recognizable on demand. For example, there is a
case where a state of a person desired to be searched and recognized by a user
can be determined in advance, or there is a case where a determination cannot
be specifically made as in an unknown state. Thus, in some cases, a state of a
person desired to be searched by a user cannot be specifically specified.
Further, a search or the like cannot be performed when a part of a body of a
person is hidden. In the related technique, a state of a person can be searched
only from a specific search condition, and thus it is difficult to flexibly search
for and classify a desired state of a person.

[0015]
The inventors have considered a method using a skeleton estimation

technique such as Non-Patent Document 1 and the like in order to recognize a
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state of a person desired by a user from an image on demand. Similarly to
OpenPose disclosed in Non-Patent Document 1, and the like, in the related
skeleton estimation technique, a skeleton of a person is estimated by learning
image data in which various correct answer patterns are set. In the following
example embodiments, a state of a person can be flexibly recognized by using
such a skeleton estimation technique.

[0016]

Note that, a skeleton structure estimated by the skeleton estimation
technique such as OpenPose is formed of a “keypoint” being a characteristic
point such as a joint and a “bone (bone link)” indicating a link between
keypoints. Thus, in the following example embodiments, a skeleton structure
will be described by using the words “keypoint” and “bone”, and “keypoint” is
associated with a “joint” of a person and “bone” is associated with a “bone” of a
person unless otherwise specified.

[0017]
(Outline of Example Embodiment)

Fig. 1 illustrates an outline of an image processing apparatus 10
according to an example embodiment. As illustrated in Fig. 1, the image
processing apparatus 10 includes a skeleton detection unit 11, a feature value
computation unit 12, and a recognition unit 13. The skeleton detection unit 11
detects two-dimensional skeleton structures (hereinafter may be simply referred
to as “skeleton structures”) of a plurality of persons, based on a two-
dimensional image acquired from a camera and the like. The feature value
computation unit 12 computes feature values of the plurality of two-dimensional
skeleton structures detected by the skeleton detection unit 11. The recognition
unit 13 performs recognition processing on a state of the plurality of persons,
based on a degree of similarity between the plurality of feature values computed
by the feature value computation unit 12. The recognition processing is
classification processing, search processing , and the like of a state of a person.
[0018]

In this way, in the example embodiment, a two-dimensional skeleton
structure of a person is detected from a two-dimensional image, and the
recognition processing such as classification and a search of a state of a person

is performed based on a feature value computed from the two-dimensional
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skeleton structure.
[0019]
(Example Embodiment 1)

An example embodiment 1 will be described below with reference to the
drawings. Fig. 2 illustrates a configuration of an image processing apparatus
100 according to the present example embodiment. The image processing
apparatus 100 constitutes an image processing system 1 together with a camera
200 and a storage means (database (DB) 110). The image processing system 1
including the image processing apparatus 100 is a system for classifying and
searching for a state such as a pose and behavior of a person, based on a
skeleton structure of the person estimated from an image.

[0020]

The camera 200 is a capturing unit, such as a surveillance camera, that
generates a two-dimensional image. The camera 200 is installed at a
predetermined place, and captures a person and the like in a capturing region
from the installed place. The camera 200 may be directly connected in a wired
or wireless manner in such a way as to be able to output a captured image
(video) to the image processing apparatus 100, or may be connected via any
communication network and the like. Note that, the camera 200 may be
provided inside the image processing apparatus 100.

[0021]

The database 110 is a database that stores information (data) needed for
processing of the image processing apparatus 100, a processing result, and the
like. The database 110 stores an image acquired by an image acquisition unit
101, a detection result of a skeleton structure detection unit 102, data for
machine learning, a feature value computed by a feature value computation unit
103, a classification result of a classification unit 104, a search result of a
search unit 105, and the like. The database 110 is directly connected to the
image processing apparatus 100 in a wired or wireless manner in such a way as
to be able to input and output data as necessary, or is connected to the image
processing apparatus 100 via any communication network and the like. Note
that, the database 110 may be provided inside the image processing apparatus
100 as a non-volatile memory such as a flash memory, a hard disk apparatus,

and the like.
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[0022]

As illustrated in Fig. 2, the image processing apparatus 100 includes the
image acquisition unit 101, the skeleton structure detection unit 102, the feature
value computation unit 103, the classification unit 104, the search unit 105, an
input unit 106, a display unit 107, and a selection unit 109. Note that, a
configuration of each unit (block) is one example, and other each unit may be
used for a configuration as long as a method (operation) described below can be
achieved. Further, the image processing apparatus 100 is achieved by a
computer apparatus, such as a personal computer and a server, that executes a
program, for example, but may be achieved by one apparatus or may be achieved
by a plurality of apparatuses on a network. For example, the input unit 106,
the display unit 107, and the like may be an external apparatus. Further, both
of the classification unit 104 and the search unit 105 may be provided, or only
one of them may be provided. Both or one of the classification unit 104 and
the search unit 105 is the recognition unit 13 that performs the recognition
processing on a state of a person. Further, the search unit 105 and the
selection unit 109 are a functional unit that performs the search processing, and
correspond to the recognition unit 13 in Fig. 1.

[0023]

The image processing apparatus 100 performs data accumulation
processing, the classification processing, and the search processing in this
order. Note that, as described below, the image processing apparatus 100 may
not perform the classification processing.

[0024]
<Data Accumulation Processing>

The data accumulation processing is processing of acquiring an image
(hereinafter an “analysis target image”) being an analysis target, detecting a
two-dimensional skeleton structure of a person from each of a plurality of the
analysis target images, computing a feature value of the detected two-
dimensional skeleton structure, and storing the computed feature value in
association with each of the analysis target images in the database 110.
Hereinafter, a configuration of a functional unit related to the data accumulation
processing will be described.

[0025]
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The image acquisition unit 101 acquires an analysis target image. In
the present specification, “acquisition” includes at least any one of “acquisition
of data stored in another apparatus or a storage medium by its own apparatus
(active acquisition)”, based on a user input or an instruction of a program, such
as reception by making a request or an inquiry to another apparatus and reading
by accessing to another apparatus or a storage medium, “inputting of data output
to its own apparatus from another apparatus (passive acquisition)”, based on a
user input or an instruction of a program, such as reception of data to be
distributed (transmitted, push-notified, or the like) and acquisition by selection
from among received data or received information, and “generation of new data
by editing data (such as texting, sorting of data, extraction of a part of data, and
change of a file format) and the like, and acquisition of the new data”.

[0026]

For example, the image acquisition unit 101 acquires, as an analysis
target image, a two-dimensional image that is captured by the camera 200 in a
predetermined surveillance period and includes a person. In addition, the
image acquisition unit 101 may acquire, as an analysis target image, a two-
dimensional image that is stored in a storage means such as the database 110
and includes a person.

[0027]

The skeleton structure detection unit 102 detects a two-dimensional
skeleton structure of a person from each of the acquired analysis target images.
The skeleton structure detection unit 102 can detect a skeleton structure for all
persons recognized in the analysis target images. The skeleton structure
detection unit 102 detects a skeleton structure of a person, based on a feature to
be recognized such as a joint of the person, by using a skeleton estimation
technique using machine learning. The skeleton structure detection unit 102
uses a skeleton estimation technique such as OpenPose in Non-Patent Document
1, for example, and extracts a keypoint being a characteristic point such as a
joint.

[0028]

The feature value computation unit 103 computes a feature value of the

detected two-dimensional skeleton structure, and stores, in the database 110, the

computed feature value in association with the analysis target image in which
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the two-dimensional skeleton structure is detected. The feature value of the
skeleton structure indicates a feature of a skeleton of the person, and is an
element for classifying and searching for a state of the person, based on the
skeleton of the person. This feature value normally includes a plurality of
parameters (for example, a classification element described below). The
feature value may be a feature value of the entire skeleton structure, may be a
feature value of a part of the skeleton structure, or may include a plurality of
feature values as in each portion of the skeleton structure. A method for
computing a feature value may be any method such as machine learning and
normalization, and a minimum value and a maximum value may be acquired as
normalization. As one example, the feature value is a feature value acquired
by performing machine learning on the skeleton structure, a size of the skeleton
structure from a head to a foot on an image, and the like. The size of the
skeleton structure is a height in an up-down direction, an area, and the like of a
skeleton region including the skeleton structure on an image. The up-down
direction (a height direction or a vertical direction) is a direction (Y-axis
direction) of up and down in an image, and is, for example, a direction
perpendicular to the ground (reference surface). Further, a left-right direction
(a horizontal direction) is a direction (X-axis direction) of left and right in an
image, and is, for example, a direction parallel to the ground.

[0029]

Note that, in order to perform classification and a search desired by a
user, a feature value having robustness with respect to classification and search
processing is preferably used. For example, when a user desires classification
and a search that do not depend on an orientation and a body shape of a person,
a feature value that is robust with respect to the orientation and the body shape
of the person may be used. A feature value that does not depend on an
orientation and a body shape of a person can be acquired by learning skeletons
of persons facing in various directions with the same pose and skeletons of
persons having various body shapes with the same pose, and extracting a feature
only in the up-down direction of a skeleton.

[0030]
<Classification Processing>

The classification processing is processing of classifying (grouping),
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together, a plurality of two-dimensional skeleton structures that are detected
from analysis target images and have similar feature values, based on data (data
in which the analysis target image and a feature value of the two-dimensional
skeleton structures detected from each of the analysis target images are
associated with each other) stored in the database 110 in the data accumulation
processing. Note that, the analysis target image and the two-dimensional
skeleton structure detected from each of the analysis target images are
associated with each other. Thus, classification of a plurality of the two-
dimensional skeleton structures by the classification processing is also
classification of a plurality of the analysis target images. The classification
processing puts, together, a plurality of analysis target images including similar
two-dimensional skeleton structures. Hereinafter, a configuration of a
functional unit related to the classification processing will be described.

[0031]

The classification unit 104 classifies a plurality of skeleton structures
stored in the database 110, based on a degree of similarity between feature
values of the skeleton structures (performs clustering). It can also be said
that, as the recognition processing on a state of a person, the classification unit
104 classifies states of a plurality of persons, based on feature values of the
skeleton structures. The degree of similarity is a distance between the feature
values of the skeleton structures. The classification unit 104 may perform
classification by a degree of similarity between feature values of the entire
skeleton structures, may perform classification by a degree of similarity
between feature values of a part of the skeleton structures, and may perform
classification by a degree of similarity between feature values of a first portion
(for example, both hands) and a second portion (for example, both feet) of the
skeleton structures. Note that, a pose of a person may be classified based on a
feature value of a skeleton structure of the person in each image, and behavior
of a person may be classified based on a change in a feature value of a skeleton
structure of the person in a plurality of images successive in time series. In
other words, the classification unit 104 can classify a state of a person including
a pose and behavior of the person, based on a feature value of a skeleton
structure. For example, the classification unit 104 sets, as classification

targets, a plurality of skeleton structures in a plurality of images captured in a
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predetermined surveillance period. The classification unit 104 acquires a
degree of similarity between feature values of classification targets, and
performs classification in such a way that skeleton structures having a high
degree of similarity are in the same cluster (group with a similar pose). Note
that, similarly to a search, a user may be able to specify a classification
condition. The classification unit 104 can store a classification result of the
skeleton structure in the database 110, and also display the classification result
on the display unit 107.

[0032]

<Search Processing>

The search processing is processing of searching for a predetermined
skeleton structure from among a plurality of two-dimensional skeleton
structures detected from analysis target images, based on data (data in which the
analysis target image and the feature value of the two-dimensional skeleton
structures detected from each of the analysis target images are associated with
each other) stored in the database 110 in the data accumulation processing.
Note that, the analysis target image and the two-dimensional skeleton structure
detected from each of the analysis target images are associated with each other.
Thus, an analysis target image including a predetermined skeleton structure can
be searched by the “processing of searching for a predetermined skeleton
structure from among a plurality of two-dimensional skeleton structures
detected from analysis target images” described above. Hereinafter, a
configuration of a functional unit related to the search processing will be
described.

[0033]

The image acquisition unit 101 acquires a query image. The image
acquisition unit 101 can acquire a query image by any of the following
acquisition examples, for example.

[0034]
“Acquisition Example 17

In the example, the image acquisition unit 101 acquires any of analysis
target images as a query image. For example, the image acquisition unit 101
may select a predetermined number of analysis target images by a predetermined

rule from each of a plurality of groups generated in the classification processing
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described above, and set the selected analysis target image as a query image.
[0035]
“Acquisition Example 2”7

In the example, the image acquisition unit 101 acquires a query image
being prepared by a user and input to the image processing apparatus 100.
[0036]

“Acquisition Example 3”

In the example, the image acquisition unit 101 acquires, as a query
image, an image being searched by a keyword specified by a user. Fig. 42
illustrates one example of a user interface (UI) screen used for the search. An
input column of a keyword and a display column of a search result are
illustrated. In a case of the Ul screen, an image selected by a user from among
images displayed as search results is a query image. For a keyword, a content
related to a state (such as a pose and behavior) of a person, such as “sitting” and
“standing”, is assumed. An input of a keyword can be achieved by using a
known GUI such as a text box, drop-down, and a check box, for example.
[0037]

For example, as illustrated in Fig. 39, information in which an image
(hereinafter a “query-specific image”) prepared to be used as a query image and
a keyword (word indicating a state of a person included in each image) are
associated with each other may be registered in advance in the database 110.
Then, the image acquisition unit 101 may search for a query-specific image
associated with an input keyword from the information, and acquire, as a query
image, a part or the whole of the query-specific image included in a search
result.

[0038]

In addition, as illustrated in Fig. 40, information in which a part of an
analysis target image and a keyword (word indicating a state of a person
included in each image) are associated with each other may be registered in the
database 110. Then, the image acquisition unit 101 may search for an analysis
target image associated with an input keyword from the information, and
acquire, as a query image, a part or the whole of the analysis target image

included in a search result.

[0039]
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In addition, the image acquisition unit 101 may transmit an input
keyword to a search engine that searches for an image related to the keyword,
and acquire a search result from the search engine. Then, the image
acquisition unit 101 may acquire, as a query image, a part or the whole of the
image included in the search result.

[0040]

The selection unit 109 selects at least one person included in a query
image, based on a user input. A query image may include one person, and may
include a plurality of persons. When a query image includes a plurality of
persons, the selection unit 109 selects at least one person from the plurality of
persons included in the query image, based on a user input. The selection unit
109 can achieve the selection by any of the following two techniques, for
example.

[0041]
“Processing Example 1 of Selecting At Least One Person Included in Query
Image”

In the example, the selection unit 109 receives a user input that freely
specifies a partial region in an image. Then, the selection unit 109 selects a
person detected in the specified partial region. The “person detected in the
specified partial region” is a person whose body is completely included in the
specified partial region, or a person whose at least a part of a body is included
in the specified partial region. Details will be described below.

[0042]

For example, it is assumed that the image acquisition unit 101 acquires a
query image P as illustrated in Fig. 43. The selection unit 109 displays the
query image P on the display unit 107, and receives a user input that specifies at
least a partial region in the query image P. For example, the selection unit 109
may receive a user input that specifies a partial region by a user input that
surrounds the partial region by a frame W as illustrated in Fig. 44. A position
and a size of the frame W in the image can be freely specified by a user.

[0043]

After the selection unit 109 receives the user input that specifies at least

the partial region in the query image P, the selection unit 109 selects a person

detected in the specified partial region. Hereinafter, one example of the
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processing will be described.

[0044]

-Processing Example 1 of Selecting Person Detected in Specified Partial
Region-

The selection unit 109 performs processing of detecting a person on an
image in a specified partial region or an image including a specified partial
region and a periphery thereof. Then, the selection unit 109 selects a person
whose body is completely included in the specified partial region, or a person
whose at least a part of a body is included in the specified partial region. The
processing of detecting a person from an image can adopt every known
technique.

[0045]

Note that, when a plurality of persons are present in a partial region
(region in the frame W) specified as illustrated in Fig. 45, and the plurality of
persons are detected in the region, the selection unit 109 may display each of
the plurality of detected persons in an identifiable manner as illustrated in Fig.
46, and further receive a user input that specifies at least a part (a part or the
whole) from the plurality of detected persons. Then, the selection unit 109
may select a person specified by the user input. In Fig. 46, each of the
detected persons in the specified partial region is identifiable by a frame Y.
[0046]

-Processing Example 2 of Selecting Person Detected in Specified Partial
Region-

The selection unit 109 performs processing of detecting a person on a
whole query image (whole region in an image), and detects a person region
being a region in which a person is present. The person region may be a
rectangular region, or may be a region along a contour of the person. The
processing of detecting a person from an image can adopt every known
technique. Examples of a technique for detecting a region along a contour of a
person include semantic segmentation, instance segmentation, a difference
computation from a prepared background image, contour extraction processing,
and the like, which are not limited thereto. Then, the selection unit 109
determines, from the detected person region, a person region completely

included in the specified partial region, or a person region having a part
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included in the specified partial region, and selects the person present in the
determined person region.
[0047]

Note that, when a plurality of persons are present in a partial region
(region in the frame W) specified as illustrated in Fig. 45, and a plurality of
person regions are detected in the region, the selection unit 109 may display
each of the plurality of detected person regions in an identifiable manner as
illustrated in Fig. 46, and receive a user input that specifies at least a part (a
part or the whole) from the plurality of detected person regions. Then, the
selection unit 109 may select a person present in the person region specified by
the user input. In Fig. 46, each of the detected person regions in the specified
partial region is identifiable by the frame Y.

[0048]
-Processing Example 3 of Selecting Person Detected in Specified Partial
Region-

The skeleton structure detection unit 102 performs processing of
detecting a two-dimensional skeleton structure of a person on an image in a
specified partial region or an image including a specified partial region and a
periphery thereof. Then, the selection unit 109 selects a person whose
detected two-dimensional skeleton structure is completely included in the
specified partial region, or a person whose at least a part of the detected two-
dimensional skeleton structure is included in the specified partial region.
[0049]

Note that, when a plurality of persons are present in a partial region
(region in the frame W) specified as illustrated in Fig. 45, and a plurality of
two-dimensional skeleton structures are detected in the region, the selection unit
109 may display each of the plurality of detected two-dimensional skeleton
structures in an identifiable manner as illustrated in Fig. 46, and receive a user
input that specifies at least a part (a part or the whole) from the plurality of
detected two-dimensional skeleton structures. Then, the selection unit 109
may select a person having the two-dimensional skeleton structure specified by
the user input. In Fig. 46, each of the detected two-dimensional skeleton
structures in the specified partial region is identifiable by the frame Y.

[0050]
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-Processing Example 4 of Selecting Person Detected in Specified Partial
Region-

The skeleton structure detection unit 102 performs processing of
detecting a two-dimensional skeleton structure of a person on a whole query
image (whole region in an image). Then, the selection unit 109 selects a
person whose detected two-dimensional skeleton structure is completely
included in the specified partial region, or a person whose at least a part of the
detected two-dimensional skeleton structure is included in the specified partial
region.

[0051]

Note that, when a plurality of persons are present in a partial region
(region in the frame W) specified as illustrated in Fig. 45, and a plurality of
two-dimensional skeleton structures are detected in the region, the selection unit
109 may display each of the plurality of detected two-dimensional skeleton
structures in an identifiable manner as illustrated in Fig. 46, and receive a user
input that specifies at least a part (a part or the whole) from the plurality of
detected two-dimensional skeleton structures. Then, the selection unit 109
may select a person having the two-dimensional skeleton structure specified by
the user input. In Fig. 46, each of the detected two-dimensional skeleton
structures in the specified partial region is identifiable by the frame Y.

[0052]
“Processing Example 2 of Selecting At Least One Person Included in Query
Image”

In the example, before a user input that selects a person is received,
processing of detecting a person is performed on a whole query image (whole
region in an image). Then, as illustrated in Fig. 47, the selection unit 109
displays, on the query image, a processed image in which a person detected in
the query image is displayed as a selectable person in an identifiable manner.
Then, as illustrated in Fig. 48, the selection unit 109 receives a user input that
selects at least one person from among the selectable persons. Herein, one
example of processing of detecting a person and processing of deciding a person
to be displayed as a selectable person will be described.

[0053]

-Processing Example 1 of Detecting Person and Deciding Person to be Displayed
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as Selectable Person-

The selection unit 109 performs processing of detecting a person on a
whole query image (whole region in an image), based on processing of detecting
a known person. Then, the selection unit 109 sets all detected persons as
selectable persons. In addition, the selection unit 109 may set, as a selectable
person, a person having a region (that represents a size of a person in an image)
occupying an image equal to or more than a reference value among the detected
persons. It is difficult to detect a two-dimensional skeleton structure and
compute a feature value from a person having a region occupying an image
smaller than a predetermined level. When a pose of such a person is set as a
query for a search, a desired search result is less likely to be acquired. Thus,
such a person may be excluded from a selectable person.

[0054]
-Processing Example 2 of Detecting Person and Deciding Person to be Displayed
as Selectable Person-

The skeleton structure detection unit 102 performs processing of
detecting a two-dimensional skeleton structure of a person on a whole query
image (whole region in an image). Then, the selection unit 109 sets, as a
selectable person, a person whose detection result of a two-dimensional skeleton
structure by the skeleton structure detection unit 102 satisfies a predetermined
condition.

[0055]

The person who satisfies the predetermined condition is a “person having
the number of extracted keypoints equal to or more than a reference value”, or a
“person in which an evaluation value computed based on at least one of the
number of extracted keypoints and reliability of each of the extracted keypoints
is equal to or more than a reference value”.

[0056]

A detailed algorithm for an evaluation value computation is not
particularly limited, but is designed in such a way as to satisfy the following
contents.

-An evaluation value increases with a greater number of extracted keypoints.
-An evaluation value increases with a higher degree of reliability of an

extracted keypoint.
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-An evaluation value increases with a larger person in an image.
[0057]

The skeleton structure detection unit 102 detects a two-dimensional
skeleton structure of a person included in a query image. The detection
processing of the skeleton structure detection unit 102 is as described in the
data accumulation processing. The skeleton structure detection unit 102 may
perform processing of detecting a two-dimensional skeleton structure of a
person on a whole query image (whole region in an image), or may perform
processing of detecting a two-dimensional skeleton structure of a person on a
part of a query image (such as a region specified by a user input, and a partial
region including a person selected by the selection unit 109).

[0058]

The feature value computation unit 103 computes a feature value of a
two-dimensional skeleton structure of the person selected by the selection unit
109. The extraction processing of the feature value computation unit 103 is as
described in the data accumulation processing.

[0059]

The search unit 105 searches for a skeleton structure having a high
degree of similarity to a feature value (feature value of a two-dimensional
skeleton structure of a person selected by the selection unit 109) of a search
query (query state) from among a plurality of skeleton structures stored in the
database 110 in the data accumulation processing.

[0060]

For example, the search unit 105 may search for a skeleton structure
having a high degree of similarity to a feature value of a search query by
verifying the feature value of the search query with a feature value of a skeleton
structure detected from each of a plurality of analysis target images. In a case
of this configuration, the classification processing described above is not
needed. However, since a verification target is all of a plurality of analysis
target images, a processing load on a computer in the verification increases.
[0061]

Thus, the search unit 105 may decide, by any means, a representative of
a feature value of a two-dimensional skeleton structure for each group acquired

in the classification processing, and search for a skeleton structure having a
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high degree of similarity to the feature value of the search query described
above by verifying the representative with the feature value of the search query.
In a case of this configuration, the number of verification targets is reduced, and
thus a processing load on a computer in the verification is reduced.

[0062]

Note that, an analysis target image and a two-dimensional skeleton
structure detected from each of the analysis target images are associated with
each other. Thus, an analysis target image including a predetermined skeleton
structure (skeleton structure having a high degree of similarity to a feature
value of a search query) can be searched by the “processing of searching for a
predetermined skeleton structure from among a plurality of two-dimensional
skeleton structures detected from analysis target images” described above. In
other words, an analysis target image including a person in a state similar to a
state of a person included in a query image can be searched from analysis target
images.

[0063]

A degree of similarity is a distance between feature values of skeleton
structures. The search unit 105 may perform a search by a degree of similarity
between feature values of the entire skeleton structures, may perform a search
by a degree of similarity between feature values of a part of the skeleton
structures, and may perform a search by a degree of similarity between feature
values of a first portion (for example, both hands) and a second portion (for
example, both feet) of the skeleton structures. Note that, a pose of a person
may be searched based on a feature value of a skeleton structure of the person in
each image, and behavior of a person may be searched based on a change in a
feature value of a skeleton structure of the person in a plurality of images
successive in time series. In other words, the search unit 105 can search for a
state of a person including a pose and behavior of the person, based on a feature
value of a skeleton structure. For example, the search unit 105 sets, as search
targets, feature values of a plurality of skeleton structures in a plurality of
analysis target images captured in a predetermined surveillance period.

[0064]
The input unit 106 is an input interface that acquires information input

from a user who operates the image processing apparatus 100. For example,
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the user is a supervisor who surveys a person in a suspicious state from an
image of a surveillance camera. The input unit 106 is, for example, a
graphical user interface (GUI), and receives an input of information according
to an operation of the user from an input apparatus such as a keyboard, a mouse,
a touch panel, a microphone, and a physical button.

[0065]

The display unit 107 is a display unit that displays a result of an
operation (processing) of the image processing apparatus 100, and the like, and
is, for example, a display apparatus such as a liquid crystal display and an
organic electro luminescence (EL) display. The display unit 107 displays a
classification result of the classification unit 104, a search result of the search
unit 105, an evaluation value of a candidate of a query image described above,
and the like.

[0066]

Next, one example of a hardware configuration of the image processing
apparatus 100 will be described. Each functional unit of the image processing
apparatus 100 is achieved by any combination of hardware and software
concentrating on a central processing unit (CPU) of any computer, a memory, a
program loaded into the memory, a storage unit (that can also store a program
downloaded from a storage medium such as a compact disc (CD), a server on the
Internet, and the like in addition to a program previously stored at a stage of
shipping of an apparatus) such as a hard disk that stores the program, and a
network connection interface. Then, various modification examples of an
achievement method and an apparatus thereof are understood by a person skilled
in the art.

[0067]

Fig. 41 is a block diagram illustrating a hardware configuration of the
image processing apparatus 100. As illustrated in Fig. 41, the image
processing apparatus 100 includes a processor 1A, a memory 2A, an
input/output interface 3A, a peripheral circuit 4A, and a bus 5SA. Various
modules are included in the peripheral circuit 4A. The image processing
apparatus 100 may not include the peripheral circuit 4A. Note that, the image
processing apparatus 100 may be formed of a plurality of apparatuses separated

physically and/or logically, or may be formed of one apparatus integrated
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physically and/or logically. When the image processing apparatus 100 is
formed of a plurality of apparatuses separated physically and/or logically, each
of the plurality of apparatuses can include the hardware configuration described
above.

[0068]

The bus 5A is a data transmission path for the processor 1A, the memory
2A, the peripheral circuit 4A, and the input/output interface 3A to transmit and
receive data to and from one another. The processor 1A is an arithmetic
processing apparatus such as a CPU and a graphics processing unit (GPU), for
example. The memory 2A is a memory such as a random access memory
(RAM) and a read only memory (ROM), for example. The input/output
interface 3A includes an interface for acquiring information from an input
apparatus, an external apparatus, an external server, an external sensor, a
camera, and the like, an interface for outputting information to an output
apparatus, an external apparatus, an external server, and the like, and the like.
The input apparatus is, for example, a keyboard, a mouse, a microphone, a
physical button, a touch panel, and the like. = The output apparatus is, for
example, a display, a speaker, a printer, a mailer, and the like. The processor
1A can output an instruction to each of modules, and perform an arithmetic
operation, based on an arithmetic result of the modules.

[0069]

Figs. 3 to 5, Fig. 49, and Fig. 50 each illustrate a flow of processing of
the image processing apparatus 100 according to the present example
embodiment. Fig. 3 illustrates a flow from image acquisition to search
processing in the image processing apparatus 100, Fig. 4 illustrates a flow of
classification processing (S104) in Fig. 3, and Figs. 5, 49, and 50 each illustrate
a flow of the search processing (S105) in Fig. 3.

[0070]

As illustrated in Fig. 3, the image acquisition unit 101 acquires a
plurality of analysis target images (S101). Subsequently, the skeleton
structure detection unit 102 detects a two-dimensional skeleton structure of a
person from each of the plurality of acquired analysis target images (S102).
Fig. 6 illustrates a detection example of skeleton structures. As illustrated in

Fig. 6, a plurality of persons may be included in an analysis target image. In
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this case, the skeleton structure detection unit 102 detects a skeleton structure
for each of the persons included in the analysis target images.
[0071]

Fig. 7 illustrates a skeleton structure of a human model 300 detected at
this time, and Figs. 8 to 10 each illustrate a detection example of the skeleton
structure. The skeleton structure detection unit 102 detects the skeleton
structure of the human model (two-dimensional skeleton model) 300 as in Fig. 7
from a two-dimensional image by using a skeleton estimation technique such as
OpenPose. The human model 300 is a two-dimensional model formed of a
keypoint such as a joint of a person and a bone connecting keypoints.

[0072]

For example, the skeleton structure detection unit 102 extracts a feature
point that may be a keypoint from an image, refers to information acquired by
performing machine learning on the image of the keypoint, and detects each
keypoint of a person. In the example illustrated in Fig. 7, as a keypoint of a
person, a head Al, a neck A2, a right shoulder A31, a left shoulder A32, a right
elbow A41, a left elbow A42, a right hand A51, a left hand A52, a right waist
A61, a left waist A62, a right knee A71, a left knee A72, a right foot A81, and a
left foot A82 are detected. Furthermore, as a bone of the person connecting
the keypoints, a bone B1 connecting the head A1 and the neck A2, a bone B21
connecting the neck A2 and the right shoulder A31, a bone B22 connecting the
neck A2 and the left shoulder A32, a bone B31 connecting the right shoulder
A31 and the right elbow A41, a bone B32 connecting the left shoulder A32 and
the left elbow A42, a bone B41 connecting the right elbow A41 and the right
hand A51, a bone B42 connecting the left elbow A42 and the left hand A52, a
bone B51 connecting the neck A2 and the right waist A61, a bone B52
connecting the neck A2 and the left waist A62, a bone B61 connecting the right
waist A61 and the right knee A71, a bone B62 connecting the left waist A62 and
the left knee A72, a bone B71 connecting the right knee A71 and the right foot
A81, and a bone B72 connecting the left knee A72 and the left foot A82 are
detected. The skeleton structure detection unit 102 stores the detected
skeleton structure of the person in the database 110.

[0073]

Fig. 8 is an example of detecting a person in a standing state. In Fig. §,
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the standing person is captured from the front, the bone B1, the bone B51 and
the bone B52, the bone B61 and the bone B62, and the bone B71 and the bone
B72 that are viewed from the front are each detected without overlapping, and
the bone B61 and the bone B71 of a right leg are bent slightly more than the
bone B62 and the bone B72 of a left leg.
[0074]

Fig. 9 is an example of detecting a person in a squatting state. In Fig.
9, the squatting person is captured from a right side, the bone B1, the bone B51
and the bone B52, the bone B61 and the bone B62, and the bone B71 and the
bone B72 that are viewed from the right side are each detected, and the bone
B61 and the bone B71 of a right leg and the bone B62 and the bone B72 of a left
leg are greatly bent and also overlap.
[0075]

Fig. 10 is an example of detecting a person in a sleeping state. In Fig.
10, the sleeping person is captured diagonally from the front left, the bone B1,
the bone B51 and the bone B52, the bone B61 and the bone B62, and the bone
B71 and the bone B72 that are viewed diagonally from the front left are each
detected, and the bone B61 and the bone B71 of a right leg and the bone B62
and the bone B72 of a left leg are bent and also overlap.
[0076]

Subsequently, as illustrated in Fig. 3, the feature value computation unit
103 computes a feature value of the detected skeleton structure (S103). For
example, when a height and an area of a skeleton region are set as a feature
value, the feature value computation unit 103 extracts a region including the
skeleton structure and acquires a height (pixel number) and an area (pixel area)
of the region. The height and the area of the skeleton region are acquired from
coordinates of an end portion of the extracted skeleton region and coordinates of
a keypoint of the end portion. The feature value computation unit 103 stores
the acquired feature value of the skeleton structure in the database 110. Note
that, the feature value of the skeleton structure is also used as information
indicating a state of the person.
[0077]

In the example in Fig. 8, a skeleton region including all of the bones is

extracted from the skeleton structure of the standing person. In this case, an
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upper end of the skeleton region is the keypoint A1 of the head, a lower end of
the skeleton region is the keypoint A82 of the left foot, a left end of the
skeleton region is the keypoint A41 of the right elbow, and a right end of the
skeleton region is the keypoint A52 of the left hand. Thus, a height of the
skeleton region is acquired from a difference in Y coordinate between the
keypoint A1l and the keypoint A82. Further, a width of the skeleton region is
acquired from a difference in X coordinate between the keypoint A41 and the
keypoint A52, and an area is acquired from the height and the width of the
skeleton region.

[0078]

In the example in Fig. 9, a skeleton region including all of the bones is
extracted from the skeleton structure of the squatting person. In this case, an
upper end of the skeleton region is the keypoint A1 of the head, a lower end of
the skeleton region is the keypoint A81 of the right foot, a left end of the
skeleton region is the keypoint A61 of the right waist, and a right end of the
skeleton region is the keypoint A51 of the right hand. Thus, a height of the
skeleton region is acquired from a difference in Y coordinate between the
keypoint A1 and the keypoint A81. Further, a width of the skeleton region is
acquired from a difference in X coordinate between the keypoint A61 and the
keypoint A51, and an area is acquired from the height and the width of the
skeleton region.

[0079]

In the example in Fig. 10, a skeleton region including all of the bones is
extracted from the skeleton structure of the sleeping person. In this case, an
upper end of the skeleton region is the keypoint A32 of the left shoulder, a
lower end of the skeleton region is the keypoint A52 of the left hand, a left end
of the skeleton region is the keypoint A51 of the right hand, and a right end of
the skeleton region is the keypoint A82 of the left foot. Thus, a height of the
skeleton region is acquired from a difference in Y coordinate between the
keypoint A32 and the keypoint A52. Further, a width of the skeleton region is
acquired from a difference in X coordinate between the keypoint A51 and the
keypoint A82, and an area is acquired from the height and the width of the
skeleton region.

[0080]
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Subsequently, as illustrated in Fig. 3, the classification unit 104
performs the classification processing (S104). In the classification processing,
as illustrated in Fig. 4, the classification unit 104 computes a degree of
similarity of the computed feature value of the skeleton structure (S111), and
classifies the skeleton structure, based on the computed feature value (S112).
The classification unit 104 acquires a degree of similarity among all of the
skeleton structures that are classification targets and are stored in the database
110, and classifies skeleton structures (poses) having a highest degree of
similarity in the same cluster (performs clustering). Furthermore,
classification is performed by acquiring a degree of similarity between
classified clusters, and classification is repeated until a predetermined number
of clusters is acquired. Fig. 11 illustrates an image of a classification result of
feature values of skeleton structures. Fig. 11 is an image of a cluster analysis
by two-dimensional classification elements, and two classification elements are,
for example, a height of a skeleton region and an area of the skeleton region, or
the like. In Fig. 11, as a result of classification, feature values of a plurality
of skeleton structures are classified into three clusters C1 to C3. The clusters
C1 to C3 are associated with poses such as a standing pose, a sitting pose, and a
sleeping pose, for example, and skeleton structures (persons) are classified for
each similar pose.

[0081]

In the present example embodiment, various classification methods can
be used by performing classification, based on a feature value of a skeleton
structure of a person. Note that, a classification method may be preset, or any
classification method may be able to be set by a user. Further, classification
may be performed by the same method as a search method described below. In
other words, classification may be performed by a classification condition
similar to a search condition. For example, the classification unit 104
performs classification by the following classification methods. Any
classification method may be used, or any selected classification method may be
combined.

[0082]
<Classification Method 1>

Classification by a plurality of hierarchies
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Classification is performed by combining, in a hierarchical manner,
classification by a skeleton structure of a whole body, classification by a
skeleton structure of an upper body and a lower body, classification by a
skeleton structure of an arm and a leg, and the like. In other words,
classification may be performed based on a feature value of a first portion and a
second portion of a skeleton structure, and, furthermore, classification may be
performed by assigning weights to the feature value of the first portion and the
second portion.

[0083]

<Classification Method 2>

Classification by a plurality of images along time series
Classification is performed based on a feature value of a skeleton structure in a
plurality of images successive in time series. For example, classification may
be performed based on a cumulative value by accumulating a feature value in a
time series direction. Furthermore, classification may be performed based on a
change (change value) in a feature value of a skeleton structure in a plurality of
successive images.

[0084]
<Classification Method 3>

Classification by ignoring the left and the right of a skeleton structure
Classification is performed on an assumption that reverse skeleton structures on
a right side and a left side of a person are the same skeleton structure.

[0085]

Furthermore, the classification unit 104 displays a classification result of
the skeleton structure (S113). The classification unit 104 acquires a necessary
image of a skeleton structure and a person from the database 110, and displays,
on the display unit 107, the skeleton structure and the person for each similar
pose (cluster) as a classification result. Fig. 12 illustrates a display example
when poses are classified into three. For example, as illustrated in Fig. 12,
pose regions WA to WA3 for each pose are displayed on a display window W1,
and a skeleton structure and a person (image) of each associated pose are
displayed in the pose regions WA1 to WA3. The pose region WA is, for
example, a display region of a standing pose, and displays a skeleton structure

and a person that are classified into the cluster C1 and are similar to the
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standing pose. The pose region WA2 is, for example, a display region of a
sitting pose, and displays a skeleton structure and a person that are classified
into the cluster C2 and are similar to the sitting pose. The pose region WA3 is,
for example, a display region of a sleeping pose, and displays a skeleton
structure and a person that are classified into the cluster C2 and are similar to
the sleeping pose.

[0086]

Subsequently, as illustrated in Fig. 3, the image processing apparatus 100
performs the search processing (S105). In the search processing, as illustrated
in Fig. 5, the image processing apparatus 100 receives an input of a search
condition (S121).

[0087]

One example of the processing in S121 will be described by using Fig.
49. The image acquisition unit 101 acquires a query image, based on any of
the acquisition examples 1 to 3 described above (S301). Next, the selection
unit 109 selects at least one person included in the query image, based on the
processing example 1 or 2 of selecting at least one person included in the query
image described above (S302). Next, the feature value computation unit 103
computes a feature value of a two-dimensional skeleton structure of the person
selected in S302 (S303). The feature value of the two-dimensional skeleton
structure is a search query.

[0088]

Another example of the processing in S121 will be described by using
Fig. 50. The image acquisition unit 101 acquires a query image, based on any
of the acquisition examples 1 to 3 described above (S311). Next, the image
processing apparatus 100 performs processing of detecting a person on the query
image (S312). For example, the selection unit 109 may perform processing of
detecting a person on a whole query image (whole region in an image), based on
processing of detecting a known person. In addition, the skeleton structure
detection unit 102 may perform processing of detecting a two-dimensional
skeleton structure of a person on a whole query image (whole region in an
image).

[0089]

Then, when the number of persons included in the image determined
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based on a result of the detection processing in S312 is plural (Yes in S313), the
selection unit 109 selects at least one person from the plurality of persons
included in the image (S314). Subsequently, the feature value computation
unit 103 computes a feature value of a two-dimensional skeleton structure of the
at least one person selected in S314 (S316). The feature value of the two-
dimensional skeleton structure is a search query. The processing in 314 and
S316 is similar to the processing in S302 and S303 in Fig. 49.

[0090]

On the other hand, when the number of persons included in the image
determined based on a result of the detection processing in S312 is one (No in
S313), the selection unit 109 selects the detected one person (S315). Then, the
feature value computation unit 103 computes a feature value of a two-
dimensional skeleton structure of the one person selected in S315 (S316). The
feature value of the two-dimensional skeleton structure is a search query.

[0091]

Note that, the “number of persons included in the image determined
based on a result of the detection processing in S312” may be the number of
persons detected in S312, or may be the number of “selectable persons”
described above. A concept of the “selectable person” is as described in
“Processing Examples 1 and 2 of Detecting Person and Deciding Person to be
Displayed as Selectable Person™.

[0092]

Returning to Fig. 5, subsequently, the search unit 105 searches for a
skeleton structure, based on the search condition (S122). With the skeleton
structure specified by the user as the search query, the search unit 105 searches
for a skeleton structure having a high degree of similarity of a feature value
from among the skeleton structures that are search targets and are stored in the
database 110. The search unit 105 computes a degree of similarity between a
feature value of the skeleton structure being the search query and a feature
value (feature value of the skeleton structure detected from the analysis target
image) of the skeleton structure being the search target, and extracts a skeleton
structure having the computed degree of similarity higher than a predetermined
threshold value. The feature value of the skeleton structure being the search

query may use a feature value being computed in advance, or may use a feature
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value being acquired during a search. Note that, the search query may be input
by moving each portion of a skeleton structure in response to an operation of the
user, or a pose demonstrated by the user in front of a camera may be set as the
search query.

[0093]

In the present example embodiment, similarly to the classification
methods, various search methods can be used by performing a search, based on a
feature value of a skeleton structure of a person. Note that, a search method
may be preset, or any search method may be able to be set by a user. For
example, the search unit 105 performs a search by the following search methods.
Any search method may be used, or any selected search method may be
combined. A search may be performed by combining a plurality of search
methods (search conditions) by a logical expression (for example, AND
(conjunction), OR (disjunction), NOT (negation)). For example, a search may
be performed by setting “(pose with a right hand up) AND (pose with a left foot
up)” as a search condition.

[0094]
<Search Method 1>

A search only by a feature value in the height direction
By performing a search by using only a feature value in the height direction of a
person, an influence of a change in the horizontal direction of a person can be
suppressed, and robustness improves with respect to a change in orientation of
the person and body shape of the person. For example, as in skeleton
structures 501 to 503 in Fig. 13, even when an orientation and a body shape of a
person are different, a feature value in the height direction does not greatly
change. Thus, in the skeleton structures 501 to 503, it can be decided that
poses are the same at a time of a search (at a time of classification).

[0095]
<Search Method 2>

When a part of a body of a person is hidden in a partial search image, a
search is performed by using only information about a recognizable portion.

For example, as in skeleton structures 511 and 512 in Fig. 14, even when a
keypoint of a left foot cannot be detected due to the left foot being hidden, a

search can be performed by using a feature value of another detected keypoint.
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Thus, in the skeleton structures 511 and 512, it can be decided that poses are the
same at a time of a search (at a time of classification). In other words,
classification and a search can be performed by using a feature value of some of
keypoints instead of all keypoints. In an example of skeleton structures 521
and 522 in Fig. 15, although orientations of both feet are different, it can be
decided that poses are the same by setting a feature value of keypoints (Al, A2,
A31, A32, A41, A42, A51, and A52) of an upper body as a search query.
Further, a search may be performed by assigning a weight to a portion (feature
point) desired to be searched, or a threshold value of a similarity degree
determination may be changed. When a part of a body is hidden, a search may
be performed by ignoring the hidden portion, or a search may be performed by
taking the hidden portion into consideration. By performing a search also
including a hidden portion, a pose in which the same portion is hidden can be
searched.
[0096]
<Search Method 3>

Search by ignoring the left and the right of a skeleton structure
A search is performed on an assumption that reverse skeleton structures on a
right side and a left side of a person are the same skeleton structure. For
example, as in skeleton structures 531 and 532 in Fig. 16, a pose with a right
hand up and a pose with a left hand up can be searched (classified) as the same
pose. In the example in Fig. 16, in the skeleton structure 531 and the skeleton
structure 532, although positions of the keypoint A51 of the right hand, the
keypoint A41 of the right elbow, the keypoint A52 of the left hand, and the
keypoint A42 of the left elbow are different, positions of the other keypoints are
the same. When the keypoints of one of the skeleton structures of the keypoint
AS51 of the right hand and the keypoint A41 of the right elbow of the skeleton
structure 531 and the keypoint A52 of the left hand and the keypoint A42 of the
left elbow of the skeleton structure 532 are reversed, the keypoints have the
same positions of the keypoints of the other skeleton structure, and, when the
keypoints of one of the skeleton structures of the keypoint A52 of the left hand
and the keypoint A42 of the left elbow of the skeleton structure 531 and the
keypoint A51 of the right hand and the keypoint A41 of the right elbow of the

skeleton structure 532 are reversed, the keypoints have the same positions of the
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keypoints of the other skeleton structure. Thus, it is decided that poses are the
same.

[0097]

<Search Method 4>

A search by a feature value in the vertical direction and the horizontal
direction
After a search is performed only with a feature value of a person in the vertical
direction (Y-axis direction), the acquired result is further searched by using a
feature value of the person in the horizontal direction (X-axis direction).

[0098]
<Search Method 5>

A search by a plurality of images along time series
A search is performed based on a feature value of a skeleton structure in a
plurality of images successive in time series. For example, a search may be
performed based on a cumulative value by accumulating a feature value in a
time series direction. Furthermore, a search may be performed based on a
change (change value) in a feature value of a skeleton structure in a plurality of
successive images.

[0099]

Furthermore, the search unit 105 displays a search result of the skeleton
structure (S123). The search unit 105 acquires a necessary image of a skeleton
structure and a person from the database 110, and displays, on the display unit
107, the skeleton structure and the person acquired as a search result. For
example, when a plurality of search queries (search conditions) are specified, a
search result is displayed for each of the search queries. Fig. 17 illustrates a
display example when a search is performed by three search queries (poses).
For example, as illustrated in Fig. 17, in a display window W2, skeleton
structures and persons of search queries Q10, Q20, and Q30 specified at a left
end portion are displayed, and skeleton structures and persons of search results
Q11, Q21, and Q31 of the search queries are displayed side by side on the right
side of the search queries Q10, Q20, and Q30.

[0100]
An order in which search results are displayed side by side from a search

query may be an order in which a corresponding skeleton structure is found, or
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may be decreasing order of a degree of similarity. When a search is performed
by assigning a weight to a portion (feature point) in a partial search, display
may be performed in an order of a degree of similarity computed by assigning a
weight. Display may be performed in an order of a degree of similarity
computed only from a portion (feature point) selected by a user. Further,
display may be performed by cutting, for a certain period of time, images
(frames) in time series before and after an image (frame) being a search result.
[0101]

Herein, a modification example of the search processing described above
will be described. The selection unit 109 selects at least one person included
in a query image, based on a user input that specifies at least a partial region in
the query image, and also selects a part of a body of the selected person, based
on the user input that specifies at least the partial region in the query image.
Then, the search unit 105 searches for an analysis target image including a
person in a state similar to a state of the selected person by setting a weight of
the selected part of the body to be greater than that of another portion.

[0102]

For example, the selection unit 109 may receive a user input that
specifies a part of a body by a user input that surrounds a partial region of a
query image by a frame X as illustrated in Fig. 51. A position and a size of the
frame X in the image can be freely specified by a user. Further, for example,
the search unit 105 may search for an analysis target image including a person
in a state similar to a state of a selected person by setting a weight of a keypoint
(feature point) included in the selected part of the body to be greater than that
of another keypoint (feature point).

[0103]

Herein, another modification example of the search processing described
above will be described. The image processing apparatus 100 searches, from
query-specific images being prepared, for an image including a person having a
feature value of a two-dimensional skeleton structure similar to that of a person
selected by the selection unit 109. Then, as illustrated in Fig. 52, the image
processing apparatus 100 displays a search result Z, and receives a user input
that specifies a query image from the search result Z. In this case, the search

unit 105 searches for a predetermined analysis target image with, as a search
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query, the feature value of the two-dimensional skeleton structure of the person
included in the query image specified from the search result as illustrated in
Fig. 52.

[0104]

As described above, in the present example embodiment, a skeleton
structure of a person can be detected from a two-dimensional image, and
classification and a search can be performed based on a feature value of the
detected skeleton structure. In this way, classification can be performed for
each similar pose having a high degree of similarity, and a similar pose having a
high degree of similarity to a search query (search key) can be searched. By
classifying similar poses from an image and displaying the similar poses, a user
can recognize a pose of a person in the image without specifying a pose and the
like.  Since the user can specify a pose being a search query from a
classification result, a desired pose can be searched even when a pose desired to
be searched by a user is not recognized in detail in advance. For example,
since classification and a search can be performed with a whole or a part of a
skeleton structure of a person and the like as a condition, flexible classification
and a flexible search can be performed.

[0105]

Further, in a case of the present example embodiment, a query image
including a person in a state desired to be searched needs to be provided to the
image processing apparatus 100. When an image including only a person in a
state desired to be searched is found, there is no particular problem, but only an
image including a person in an unrelated state may be found in addition to a
person in a state desired to be searched. In a case where such a query image is
provided to the image processing apparatus 100, when a search is performed
with, as search queries, states of all of a plurality of persons included in the
query image, not only an image including a person in a desired state but also an
image including a person in an unrelated state may be included in a search
result. For this problem, in the search processing, the image processing
apparatus 100 selects at least one person included in a query image, based on a
user input, and searches, from analysis target images, for an analysis target
image including a person in a state similar to a state of the selected person.

Such an image processing apparatus 100 can perform a search with only a
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desired state of a person as a search query even when an image including a
person in an unrelated state in addition to a person in a state desired to be
searched is a query image. As a result, inconvenience that an image different
from a search target is included in a search result can be suppressed.

[0106]

Further, the image processing apparatus 100 according to the present
example embodiment can receive a user input that specifies at least a partial
region in a query image, and select a person detected in the specified partial
region. With such an image processing apparatus 100, a user can easily
recognize which person is to be selected by his/her own input.

[0107]

Further, after the image processing apparatus 100 according to the
present example embodiment performs the processing of detecting a person from
a query image, the image processing apparatus 100 can display, on the query
image, a processed image in which a person detected in the query image is
displayed as a selectable person in an identifiable manner, and can receive a
user input that selects at least one person from the selectable person. With
such an image processing apparatus 100, a user can easily recognize which
person is to be selected by his/her own input. Further, the user may only
select a desired choice from a plurality of choices, and thus a user input is
further facilitated.

[0108]

Further, the image processing apparatus 100 according to the present
example embodiment can display, as a selectable person on the processed image
described above, a person having a region (that represents a size of a person in
an image) occupying an image equal to or more than a reference value and a
person whose detection result of a two-dimensional skeleton structure by the
skeleton structure detection unit 102 satisfies a predetermined condition, among
detected persons. As a result, only a person in which detection of a two-
dimensional skeleton structure and a computation of a feature value can be
accurately performed can be set as a selectable person, and an improvement in
quality of a search query and an improvement in accuracy of a search result are

achieved.
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Further, the image processing apparatus 100 according to the present
example embodiment can select a part of a body of a person, based on a user
input that specifies the part of the body of the person on a query image, and can
search for an analysis target image including a person in a state similar to a
state of the selected person by setting a weight of the selected part of the body
to be greater than that of another portion. With such an image processing
apparatus 100, a user can easily recognize which part of a body is to be selected
by his/her own input.

[0110]

Further, the image processing apparatus 100 according to the present
example embodiment can determine the number of persons included in a query
image. Then, the image processing apparatus 100 can select, when the
determined number of persons is plural, at least one person from the plurality of
persons included in the image, based on a user input, and the image processing
apparatus 100 can select, when the determined number of persons is one, the one
person. Such an image processing apparatus 100 can limit execution of the
processing of selecting at least one person from a query image, based on a user
input, to a case where persons included in the query image are plural. As a
result, a reduction in processing load on a computer and a reduction in user load
by a reduction in user input are achieved.

[0111]
(Example Embodiment 2)

An example embodiment 2 will be described below with reference to the
drawings. In the present example embodiment, a specific example of the
feature value computation in the example embodiment 1 will be described. In
the present example embodiment, a feature value is acquired by normalization
by using a height of a person. The other points are similar to those in the
example embodiment 1.

[0112]

Fig. 18 illustrates a configuration of an image processing apparatus 100
according to the present example embodiment. As illustrated in Fig. 18, the
image processing apparatus 100 further includes a height computation unit 108
in addition to the configuration in the example embodiment 1. Note that, a

feature value computation unit 103 and the height computation unit 108 may
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serve as one processing unit.
[0113]

The height computation unit (height estimation unit) 108 computes
(estimates) a standing height (referred to as a height pixel number) of a person
in a two-dimensional image, based on a two-dimensional skeleton structure
detected by a skeleton structure detection unit 102. It can be said that the
height pixel number is a height of a person in a two-dimensional image (a length
of a whole body of a person on a two-dimensional image space). The height
computation unit 108 acquires a height pixel number (pixel number) from a
length (length on the two-dimensional image space) of each bone of a detected
skeleton structure.

[0114]

In the following examples, specific examples 1 to 3 are used as a method
for acquiring a height pixel number. Note that, any method of the specific
examples 1 to 3 may be used, or a plurality of any selected methods may be
combined and used. In the specific example 1, a height pixel number is
acquired by adding up lengths of bones from a head to a foot among bones of a
skeleton structure. When the skeleton structure detection unit 102 (skeleton
estimation technique) does not output a top of a head and a foot, a correction
can be performed by multiplication by a constant as necessary. In the specific
example 2, a height pixel number is computed by using a human model
indicating a relationship between a length of each bone and a length of a whole
body (a height on the two-dimensional image space). In the specific example
3, a height pixel number is computed by fitting (applying) a three-dimensional
human model to a two-dimensional skeleton structure.

[0115]

The feature value computation unit 103 according to the present example
embodiment is a normalization unit that normalizes a skeleton structure
(skeleton information) of a person, based on a computed height pixel number of
the person. The feature value computation unit 103 stores a feature value
(normalization value) of the normalized skeleton structure in a database 110.
The feature value computation unit 103 normalizes, by the height pixel number,
a height on an image of each keypoint (feature point) included in the skeleton

structure. In the present example embodiment, for example, a height direction
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is an up-down direction (Y-axis direction) in a two-dimensional coordinate (X-Y
coordinate) space of an image. In this case, a height of a keypoint can be
acquired from a value (pixel number) of a Y coordinate of the keypoint.
Alternatively, a height direction may be a direction (vertical projection
direction) of a vertical projection axis in which a direction of a vertical axis
perpendicular to the ground (reference surface) in a three-dimensional
coordinate space in a real world is projected in the two-dimensional coordinate
space. In this case, a height of a keypoint can be acquired by acquiring a
vertical projection axis in which an axis perpendicular to the ground in the real
world is projected in the two-dimensional coordinate space, based on a camera
parameter, and being acquired from a value (pixel number) along the vertical
projection axis. Note that, the camera parameter is a capturing parameter of an
image, and, for example, the camera parameter is a pose, a position, a capturing
angle, a focal distance, and the like of a camera 200. The camera 200 captures
an image of an object whose length and position are clear in advance, and a
camera parameter can be acquired from the image. A strain may occur at both
ends of the captured image, and the vertical direction in the real world and the
up-down direction in the image may not match. In contrast, an extent that the
vertical direction in the real world is tilted in an image is clear by using a
parameter of a camera that captures the image. Thus, a feature value of a
keypoint can be acquired in consideration of a difference between the real world
and the image by normalizing, by a height, a value of the keypoint along a
vertical projection axis projected in the image, based on the camera parameter.
Note that, a left-right direction (a horizontal direction) is a direction (X-axis
direction) of left and right in a two-dimensional coordinate (X-Y coordinate)
space of an image, or is a direction in which a direction parallel to the ground in
the three-dimensional coordinate space in the real world is projected in the two-
dimensional coordinate space.

[0116]

Figs. 19 to 23 each illustrate a flow of processing of the image
processing apparatus 100 according to the present example embodiment. Fig.
19 illustrates a flow from image acquisition to search processing in the image
processing apparatus 100, Figs. 20 to 22 illustrate flows of specific examples 1

to 3 of height pixel number computation processing (S201) in Fig. 19, and Fig.
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23 illustrates a flow of normalization processing (S202) in Fig. 19.
[0117]

As illustrated in Fig. 19, in the present example embodiment, the height
pixel number computation processing (S201) and the normalization processing
(S202) are performed as the feature value computation processing (S103) in the
example embodiment 1. The other points are similar to those in the example
embodiment 1.

[0118]

The image processing apparatus 100 performs the height pixel number
computation processing (S201), based on a detected skeleton structure, after the
image acquisition (S101) and skeleton structure detection (S102). In this
example, as illustrated in Fig. 24, a height of a skeleton structure of an upright
person in an image is a height pixel number (h), and a height of each keypoint
of the skeleton structure in a state of the person in the image is a keypoint
height (yi). Hereinafter, the specific examples 1 to 3 of the height pixel
number computation processing will be described.

[0119]
<Specific Example 1>

In the specific example 1, a height pixel number is acquired by using a
length of a bone from a head to a foot. In the specific example 1, as illustrated
in Fig. 20, the height computation unit 108 acquires a length of each bone
(S211), and adds up the acquired length of each bone (S212).

[0120]

The height computation unit 108 acquires a length of a bone from a head
to a foot of a person on a two-dimensional image, and acquires a height pixel
number. In other words, each length (pixel number) of a bone B1 (length L1),
a bone B51 (length L21), a bone B61 (length L31), and a bone B71 (length L41),
or the bone B1 (length L1), a bone B52 (length L22), a bone B62 (length L32),
and a bone B72 (length L42) among bones in Fig. 24 is acquired from the image
in which the skeleton structure is detected. A length of each bone can be
acquired from coordinates of each keypoint in the two-dimensional image. A
value acquired by multiplying, by a correction constant, L1 + L21 + L31 + L41
or L1 + L22 + L32 + L42 acquired by adding them up is computed as the height

pixel number (h). When both values can be computed, a longer value is set as
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the height pixel number, for example. In other words, each bone has a longest
length in an image when being captured from the front, and is displayed to be
short when being tilted in a depth direction with respect to a camera.
Therefore, it is conceivable that a longer bone has a higher possibility of being
captured from the front, and has a value closer to a true value. Thus, a longer
value is preferably selected.

[0121]

In an example in Fig. 25, the bone B1, the bone B51 and the bone B52,
the bone B61 and the bone B62, and the bone B71 and the bone B72 are each
detected without overlapping. L1 + L21 + L31 +L41 and L1 + L22 + L32 +
L42 that are a total of the bones are acquired, and, for example, a value
acquired by multiplying, by a correction constant, L1 + L22 + L32 + L42 on a
left leg side having a greater length of the detected bones is set as the height
pixel number.

[0122]

In an example in Fig. 26, the bone B1, the bone B51 and the bone B52,
the bone B61 and the bone B62, and the bone B71 and the bone B72 are each
detected, and the bone B61 and the bone B71 of a right leg and the bone B62
and the bone B72 of a left leg overlap. L1 + L21 + L31 + L41 and L1 + L22 +
L32 + L42 that are a total of the bones are acquired, and, for example, a value
acquired by multiplying, by a correction constant, L1 + L21 + L31 + L41 on a
right leg side having a greater length of the detected bones is set as the height
pixel number.

[0123]

In an example in Fig. 27, the bone B1, the bone B51 and the bone B52,
the bone B61 and the bone B62, and the bone B71 and the bone B72 are each
detected, and the bone B61 and the bone B71 of the right leg and the bone B62
and the bone B72 of the left leg overlap. L1 + L21 + L31 + L41 and L1 + L22
+ L32 + L42 that are a total of the bones are acquired, and, for example, a value
acquired by multiplying, by a correction constant, L1 + L22 + L32 + L42 on the
left leg side having a greater length of the detected bones is set as the height
pixel number.

[0124]

In the specific example 1, since a height can be acquired by adding up
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lengths of bones from a head to a foot, a height pixel number can be acquired by
a simple method. Further, since at least a skeleton from a head to a foot may
be able to be detected by a skeleton estimation technique using machine
learning, a height pixel number can be accurately estimated even when the
entire person is not necessarily captured in an image as in a squatting state and
the like.

[0125]

<Specific Example 2>

In the specific example 2, a height pixel number is acquired by using a
two-dimensional skeleton model indicating a relationship between a length of a
bone included in a two-dimensional skeleton structure and a length of a whole
body of a person on a two-dimensional image space.

[0126]

Fig. 28 is a human model (two-dimensional skeleton model) 301 that is
used in the specific example 2 and indicates a relationship between a length of
each bone on the two-dimensional image space and a length of a whole body on
the two-dimensional image space. As illustrated in Fig. 28, a relationship
between a length of each bone of an average person and a length of a whole
body (a proportion of a length of each bone to a length of a whole body) is
associated with each bone of the human model 301. For example, a length of
the bone B1 of a head is the length of the whole body x 0.2 (20%), a length of
the bone B41 of a right hand is the length of the whole body % 0.15 (15%), and a
length of the bone B71 of the right leg is the length of the whole body x 0.25
(25%). Information about such a human model 301 is stored in the database
110, and thus an average length of a whole body can be acquired from a length
of each bone. In addition to a human model of an average person, a human
model may be prepared for each attribute of a person such as age, gender, and
nationality. In this way, a length (height) of a whole body can be
appropriately acquired according to an attribute of a person.

[0127]

In the specific example 2, as illustrated in Fig. 21, the height
computation unit 108 acquires a length of each bone (S221). The height
computation unit 108 acquires a length of all bones (length on the two-

dimensional image space) in a detected skeleton structure. Fig. 29 is an
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example of capturing a person in a squatting state diagonally from rear right and
detecting a skeleton structure. In this example, since a face and a left side
surface of a person are not captured, a bone of a head and bones of a left arm
and a left hand cannot be detected. Thus, each length of bones B21, B22, B31,
B41, B51, B52, B61, B62, B71, and B72 that are detected is acquired.

[0128]

Subsequently, as illustrated in Fig. 21, the height computation unit 108
computes a height pixel number from a length of each bone, based on a human
model (S222). The height computation unit 108 refers to the human model 301
indicating a relationship between lengths of each bone and a whole body as in
Fig. 28, and acquires a height pixel number from the length of each bone. For
example, since a length of the bone B41 of the right hand is the length of the
whole body x 0.15, a height pixel number based on the bone B41 is acquired
from the length of the bone B41/0.15. Further, since a length of the bone B71
of the right leg is the length of the whole body x 0.25, a height pixel number
based on the bone B71 is acquired from the length of the bone B71/0.25.

[0129]

The human model referred at this time is, for example, a human model of
an average person, but a human model may be selected according to an attribute
of a person such as age, gender, and nationality. For example, when a face of
a person is captured in a captured image, an attribute of the person is identified
based on the face, and a human model associated with the identified attribute is
referred. An attribute of a person can be recognized from a feature of a face in
an image by referring to information acquired by performing machine learning
on a face for each attribute. Further, when an attribute of a person cannot be
identified from an image, a human model of an average person may be used.
[0130]

Further, a height pixel number computed from a length of a bone may be
corrected by a camera parameter. For example, when a camera is placed in a
high position and performs capturing in such a way that a person is looked
down, a horizontal length such as a bone of a width of shoulders is not affected
by a dip of the camera in a two-dimensional skeleton structure, but a vertical
length such as a bone from a neck to a waist is reduced as a dip of the camera

increases. Then, a height pixel number computed from the horizontal length
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such as a bone of a width of shoulders tends to be greater than an actual height
pixel number. Thus, when a camera parameter is used, an angle at which a
person is looked down by the camera is clear, and thus a correction can be
performed in such a way as to acquire a two-dimensional skeleton structure
captured from the front by using information about the dip. In this way, a
height pixel number can be more accurately computed.

[0131]

Subsequently, as illustrated in Fig. 21, the height computation unit 108
computes an optimum value of the height pixel number (S223). The height
computation unit 108 computes an optimum value of the height pixel number
from the height pixel number acquired for each bone. For example, a
histogram of a height pixel number acquired for each bone as illustrated in Fig.
30 is generated, and a great height pixel number is selected from among the
height pixel numbers. In other words, a longer height pixel number is selected
from among a plurality of height pixel numbers acquired based on a plurality of
bones. For example, top 30% is a valid value, and height pixel numbers by the
bones B71, B61, and B51 are selected in Fig. 30. An average of the selected
height pixel numbers may be acquired as an optimum value, or a greatest height
pixel number may be set as an optimum value. Since a height is acquired from
a length of a bone in a two-dimensional image, when the bone cannot be
captured from the front, i.e., when the bone tilted in the depth direction as
viewed from the camera is captured, a length of the bone is shorter than that
captured from the front. Then, a value having a greater height pixel number
has a higher possibility of being captured from the front than a value having a
smaller height pixel number and is a more plausible value, and thus a greater
value is set as an optimum value.

[0132]

In the specific example 2, since a height pixel number is acquired based
on a bone of a detected skeleton structure by using a human model indicating a
relationship between lengths of a bone and a whole body on the two-dimensional
image space, a height pixel number can be acquired from some of bones even
when all skeletons from a head to a foot cannot be acquired. Particularly, a
height pixel number can be accurately estimated by adopting a greater value

among values acquired from a plurality of bones.
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[0133]
<Specific Example 3>

In the specific example 3, a skeleton vector of a whole body is acquired
by fitting a two-dimensional skeleton structure to a three-dimensional human
model (three-dimensional skeleton model) and using a height pixel number of
the fit three-dimensional human model.

[0134]

In the specific example 3, as illustrated in Fig. 22, the height
computation unit 108 first computes a camera parameter, based on an image
captured by the camera 200 (S231). The height computation unit 108 extracts
an object whose length is clear in advance from a plurality of images captured
by the camera 200, and acquires a camera parameter from a size (pixel number)
of the extracted object. Note that, a camera parameter may be acquired in
advance, and the acquired camera parameter may be acquired as necessary.
[0135]

Subsequently, the height computation unit 108 adjusts an arrangement
and a height of a three-dimensional human model (S232). The height
computation unit 108 prepares, for a detected two-dimensional skeleton
structure, the three-dimensional human model for a height pixel number
computation, and arranges the three-dimensional human model in the same two-
dimensional image, based on the camera parameter. Specifically, a “relative
positional relationship between a camera and a person in a real world” is
determined from the camera parameter and the two-dimensional skeleton
structure. For example, if a position of the camera has coordinates (0, 0, 0),
coordinates (x, y, z) of a position in which a person stands (or sits) are
determined. Then, by assuming an image captured when the three-dimensional
human model is arranged in the same position (X, y, z) as that of the determined
person, the two-dimensional skeleton structure and the three-dimensional human
model are superimposed.

[0136]

Fig. 31 is an example of capturing a squatting person diagonally from
front left and detecting a two-dimensional skeleton structure 401. The two-
dimensional skeleton structure 401 includes two-dimensional coordinate

information. Note that, all bones are preferably detected, but some of bones
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may not be detected. A three-dimensional human model 402 as in Fig. 32 is
prepared for the two-dimensional skeleton structure 401. The three-
dimensional human model (three-dimensional skeleton model) 402 is a model of
a skeleton including three-dimensional coordinate information and having the
same shape as that of the two-dimensional skeleton structure 401. Then, as in
Fig. 33, the prepared three-dimensional human model 402 is arranged and
superimposed on the detected two-dimensional skeleton structure 401.

Further, the three-dimensional human model 402 is superimposed on the two-
dimensional skeleton structure 401, and a height of the three-dimensional human
model 402 is also adjusted to the two-dimensional skeleton structure 401.
[0137]

Note that, the three-dimensional human model 402 prepared at this time
may be a model in a state close to a pose of the two-dimensional skeleton
structure 401 as in Fig. 33, or may be a model in an upright state. For
example, the three-dimensional human model 402 with an estimated pose may be
generated by using a technique for estimating a pose in a three-dimensional
space from a two-dimensional image by using machine learning. A three-
dimensional pose can be estimated from a two-dimensional image by learning
information about a joint in the two-dimensional image and information about a
joint in a three-dimensional space.

[0138]

Subsequently, as illustrated in Fig. 22, the height computation unit 108
fits the three-dimensional human model to a two-dimensional skeleton structure
(S233). As in Fig. 34, the height computation unit 108 deforms the three-
dimensional human model 402 in such a way that poses of the three-dimensional
human model 402 and the two-dimensional skeleton structure 401 match in a
state where the three-dimensional human model 402 is superimposed on the two-
dimensional skeleton structure 401. In other words, a height, an orientation of
a body, and an angle of a joint of the three-dimensional human model 402 are
adjusted, and optimization is performed in such a way as to eliminate a
difference from the two-dimensional skeleton structure 401. For example, by
rotating a joint of the three-dimensional human model 402 in a movable range of
a person and also rotating the entire three-dimensional human model 402, the

entire size is adjusted. Note that, fitting (application) between a three-
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dimensional human model and a two-dimensional skeleton structure is
performed on a two-dimensional space (two-dimensional coordinates). In
other words, a three-dimensional human model is mapped to the two-
dimensional space, and the three-dimensional human model is optimized for a
two-dimensional skeleton structure in consideration of a change of the deformed
three-dimensional human model in the two-dimensional space (image).

[0139]

Subsequently, as illustrated in Fig. 22, the height computation unit 108
computes a height pixel number of the fit three-dimensional human model
(S234). As in Fig. 35, when there is no difference between the three-
dimensional human model 402 and the two-dimensional skeleton structure 401
and poses match, the height computation unit 108 acquires a height pixel
number of the three-dimensional human model 402 in that state.  With the
optimized three-dimensional human model 402 in an upright state, a length of a
whole body on the two-dimensional space is acquired based on a camera
parameter. For example, a height pixel number is computed from lengths
(pixel numbers) of bones from a head to a foot when the three-dimensional
human model 402 is upright. Similarly to the specific example 1, the lengths
of the bones from the head to the foot of the three-dimensional human model
402 may be added up.

[0140]

In the specific example 3, a height pixel number is acquired based on a
three-dimensional human model by fitting the three-dimensional human model
to a two-dimensional skeleton structure, based on a camera parameter, and thus
the height pixel number can be accurately estimated even when all bones are not
captured at the front, i.e., when an error is great due to all bones being captured
on a slant.

[0141]
<Normalization Processing>

As illustrated in Fig. 19, the image processing apparatus 100 performs
the normalization processing (S202) subsequent to the height pixel number
computation processing. In the normalization processing, as illustrated in Fig.
23, the feature value computation unit 103 computes a keypoint height (S241).

The feature value computation unit 103 computes a keypoint height (pixel
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number) of all keypoints included in the detected skeleton structure. The
keypoint height is a length (pixel number) in the height direction from a lowest
end (for example, a keypoint of any foot) of the skeleton structure to the
keypoint. Herein, as one example, the keypoint height is acquired from a Y
coordinate of the keypoint in an image. Note that, as described above, the
keypoint height may be acquired from a length in a direction along a vertical
projection axis based on a camera parameter. For example, in the example in
Fig. 24, a height (yi) of a keypoint A2 of a neck is a value acquired by
subtracting a Y coordinate of a keypoint A81 of a right foot or a keypoint A82
of a left foot from a Y coordinate of the keypoint A2.

[0142]

Subsequently, the feature value computation unit 103 determines a
reference point for normalization (S242). The reference point is a point being
a reference for representing a relative height of a keypoint. The reference
point may be preset, or may be able to be selected by a user. The reference
point is preferably at the center of the skeleton structure or higher than the
center (in an upper half of an image in the up-down direction), and, for
example, coordinates of a keypoint of a neck are set as the reference point.
Note that, coordinates of a keypoint of a head or another portion instead of a
neck may be set as the reference point. Instead of a keypoint, any coordinates
(for example, center coordinates in the skeleton structure, and the like) may be
set as the reference point.

[0143]

Subsequently, the feature value computation unit 103 normalizes the
keypoint height (yi) by the height pixel number (S243). The feature value
computation unit 103 normalizes each keypoint by using the keypoint height of
each keypoint, the reference point, and the height pixel number. Specifically,
the feature value computation unit 103 normalizes, by the height pixel number, a
relative height of a keypoint with respect to the reference point. Herein, as an
example focusing only on the height direction, only a Y coordinate is extracted,
and normalization is performed with the reference point as the keypoint of the
neck. Specifically, with a Y coordinate of the reference point (keypoint of the
neck) as (yc), a feature value (normalization value) is acquired by using the

following equation (1). Note that, when a vertical projection axis based on a
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camera parameter is used, (yi) and (yc¢) are converted into values in a direction
along the vertical projection axis.

[Mathematical 1]

f=(y-yJ)/h =--(1)

[0144]

For example, when the number of keypoints is 18, 18 coordinates (Xo,
vo), (X1, y1), ...and (x17, y17) of the keypoints are converted into 18-dimensional
feature values as follows by using the equation (1) described above.

[Mathematical 2]

fo=(Yo-Y)/h

fi=(y, f Yo/ h . (2)
fi7= (Yi7-vd /b

[0145]

Fig. 36 illustrates an example of a feature value of each keypoint
acquired by the feature value computation unit 103. In this example, since the
keypoint A2 of the neck is the reference point, a feature value of the keypoint
A2 1s 0.0 and a feature value of a keypoint A31 of a right shoulder and a
keypoint A32 of a left shoulder at the same height as the neck is also 0.0. A
feature value of a keypoint A1 of a head higher than the neck is -0.2. A
feature value of a keypoint A51 of a right hand and a keypoint A52 of a left
hand lower than the neck is 0.4, and a feature value of the keypoint A81 of the
right foot and the keypoint A82 of the left foot is 0.9. When the person raises
the left hand from this state, the left hand is higher than the reference point as
in Fig. 37, and thus a feature value of the keypoint A52 of the left hand is -0.4.
Meanwhile, since normalization is performed by using only a coordinate of the
Y axis, as in Fig. 38, a feature value does not change as compared to Fig. 36
even when a width of the skeleton structure changes. In other words, a feature
value (normalization value) according to the present example embodiment
indicates a feature of a skeleton structure (keypoint) in the height direction (Y
direction), and is not affected by a change of the skeleton structure in the
horizontal direction (X direction).

[0146]
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As described above, in the present example embodiment, a skeleton
structure of a person is detected from a two-dimensional image, and each
keypoint of the skeleton structure is normalized by using a height pixel number
(upright height on a two-dimensional image space) acquired from the detected
skeleton structure. Robustness when classification, a search, and the like are
performed can be improved by using the normalized feature value. In other
words, since a feature value according to the present example embodiment is not
affected by a change of a person in the horizontal direction as described above,
robustness with respect to a change in orientation of the person and a body
shape of the person is great.

[0147]

Furthermore, the present example embodiment can be achieved by
detecting a skeleton structure of a person by using a skeleton estimation
technique such as OpenPose, and thus learning data that learn a pose and the
like of a person do not need to be prepared. Further, classification and a
search of a pose and the like of a person can be achieved by normalizing a
keypoint of a skeleton structure and storing the keypoint in advance in a
database, and thus classification and a search can also be performed on an
unknown pose. Further, a clear and simple feature value can be acquired by
normalizing a keypoint of a skeleton structure, and thus persuasion of a user for
a processing result is high unlike a black box algorithm as in machine learning.
[0148]

While the example embodiments of the present invention have been
described with reference to the drawings, the example embodiments are only
exemplification of the present invention, and various configurations other than
the above-described example embodiments can also be employed.

[0149]

Further, the plurality of steps (pieces of processing) are described in
order in the plurality of flowcharts used in the above-described description, but
an execution order of steps performed in each of the example embodiments is
not limited to the described order. In each of the example embodiments, an
order of illustrated steps may be changed within an extent that there is no harm
in context. Further, each of the example embodiments described above can be

combined within an extent that a content is not inconsistent.
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[0150]

A part or the whole of the above-described example embodiments may
also be described as in supplementary notes below, which is not limited thereto.
l. An image processing apparatus including:

an image acquisition means for acquiring an image;

a selection means for selecting at least one person included in the image,
based on a user input;

a skeleton structure detection means for detecting a two-dimensional
skeleton structure of a person included in the image;

a feature value computation means for computing a feature value of the
detected two-dimensional skeleton structure; and

a search means for searching, from analysis target images, for the
analysis target image including a person in a state similar to a state of the
selected person, based on a degree of similarity to a feature value of the two-
dimensional skeleton structure.

2. The image processing apparatus according to supplementary note 1,
wherein

the selection means

receives a user input that specifies at least a partial region in the
image, and

selects a person detected in the specified partial region.
3. The image processing apparatus according to supplementary note 1,
wherein

the selection means

displays, on the image, a processed image in which a person
detected in the image is displayed as a selectable person in an identifiable
manner, and

receives a user input that selects at least one person from the
selectable person.
4. The image processing apparatus according to supplementary note 3,
wherein

the selection means displays the processed image in which a person
whose detection result of the two-dimensional skeleton structure satisfies a

predetermined condition is displayed as the selectable person in an identifiable
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manner.
5. The image processing apparatus according to supplementary note 4,
wherein
the skeleton structure detection means extracts a plurality of keypoints
of a body in processing of detecting the two-dimensional skeleton structure, and
a person who satisfies the predetermined condition is
a person having a number of the extracted keypoints equal to or
more than a reference value, or
a person in which an evaluation value computed based on at least
one of a number of the extracted keypoints and reliability of each of the
extracted keypoints is equal to or more than a reference value.
6. The image processing apparatus according to any of supplementary notes
1 to 5, wherein
the selection means selects a part of a body of the selected person, based
on a user input that specifies at least a partial region in the image, and
the search means searches for the analysis target image including a
person in a state similar to a state of the selected person by setting a weight of
the selected part of the body to be greater than that of another part.
7. The image processing apparatus according to any of supplementary notes
1 to 6, wherein
the selection means
determines a number of persons included in the image being
acquired by the image acquisition means,
selects, when a determined number of persons is plural, at least

one person from a plurality of persons included in the image, based on a user

input, and

selects, when a determined number of persons is one, the one
person.
8. An image processing method including,

by a computer:

acquiring an image;

selecting at least one person included in the image, based on a user
input;

detecting a two-dimensional skeleton structure of a person included in
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the image;

computing a feature value of the detected two-dimensional skeleton
structure; and

searching, from analysis target images, for the analysis target image
including a person in a state similar to a state of the selected person, based on a
degree of similarity to a feature value of the two-dimensional skeleton structure.
9. A program causing a computer to function as:

an image acquisition means for acquiring an image;

a selection means for selecting at least one person included in the image,
based on a user input;

a skeleton structure detection means for detecting a two-dimensional
skeleton structure of a person included in the image;

a feature value computation means for computing a feature value of the
detected two-dimensional skeleton structure; and

a search means for searching, from analysis target images, for the
analysis target image including a person in a state similar to a state of the
selected person, based on a degree of similarity to a feature value of the two-
dimensional skeleton structure.

[Reference signs List]

[0151]

1 Image processing system

10 Image processing apparatus

11 Skeleton detection unit

12 Feature value computation unit
13 Recognition unit

100 Image processing apparatus

101 Image acquisition unit

102 Skeleton structure detection unit
103 Feature value computation unit
104 Classification unit

105 Search unit

106 Input unit

107 Display unit

108 Height computation unit
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109 Selection unit

110 Database

200 Camera

300, 301 Human model

401 Two-dimensional skeleton structure

402 Three-dimensional human model
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[Document Name] CLAIMS
1.

An image processing apparatus comprising:

image acquisition means for acquiring an image;

selection means for selecting at least one person included in the image,
based on a user input;

skeleton structure detection means for detecting a two-dimensional
skeleton structure of a person included in the image;

feature value computation means for computing a feature value of the
detected two-dimensional skeleton structure; and

search means for searching, from analysis target images, for the analysis
target image including a person in a state similar to a state of the selected
person, based on a degree of similarity to a feature value of the two-dimensional

skeleton structure.

The image processing apparatus according to claim 1, wherein
the selection means
receives a user input that specifies at least a partial region in the
image, and

selects a person detected in the specified partial region.

The image processing apparatus according to claim 1, wherein
the selection means
displays, on the image, a processed image in which a person
detected in the image is displayed as a selectable person in an identifiable
manner, and
receives a user input that selects at least one person from the

selectable person.

The image processing apparatus according to claim 3, wherein

the selection means displays the processed image in which a person
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whose detection result of the two-dimensional skeleton structure satisfies a
predetermined condition is displayed as the selectable person in an identifiable

manncr.

The image processing apparatus according to claim 4, wherein
the skeleton structure detection means extracts a plurality of keypoints
of a body in processing of detecting the two-dimensional skeleton structure, and
a person who satisfies the predetermined condition is
a person having a number of the extracted keypoints equal to or
more than a reference value, or
a person in which an evaluation value computed based on at least
one of a number of the extracted keypoints and reliability of each of the

extracted keypoints is equal to or more than a reference value.

The image processing apparatus according to any one of claims 1 to 5,
wherein

the selection means selects a part of a body of the selected person, based
on a user input that specifies at least a partial region in the image, and

the search means searches for the analysis target image including a
person in a state similar to a state of the selected person by setting a weight of

the selected part of the body to be greater than that of another part.

The image processing apparatus according to any one of claims 1 to 6,
wherein
the selection means
determines a number of persons included in the image being
acquired by the image acquisition means,
selects, when a determined number of persons is plural, at least
one person from a plurality of persons included in the image, based on a user
input, and

selects, when a determined number of persons is one, the one
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person.

An image processing method comprising,

by a computer:

acquiring an image;

selecting at least one person included in the image, based on a user
input;

detecting a two-dimensional skeleton structure of a person included in
the image;

computing a feature value of the detected two-dimensional skeleton
structure; and

searching, from analysis target images, for the analysis target image
including a person in a state similar to a state of the selected person, based on a

degree of similarity to a feature value of the two-dimensional skeleton structure.

A program causing a computer to function as:

image acquisition means for acquiring an image;

selection means for selecting at least one person included in the image,
based on a user input;

skeleton structure detection means for detecting a two-dimensional
skeleton structure of a person included in the image;

feature value computation means for computing a feature value of the
detected two-dimensional skeleton structure; and

search means for searching, from analysis target images, for the analysis
target image including a person in a state similar to a state of the selected
person, based on a degree of similarity to a feature value of the two-dimensional

skeleton structure.



