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(57) An apparatus and a method are provided which
allow 3D image generation based on an input image on
the real-time basis. Processing for image frames of an
input image is executed to generate a three-dimensional
image. A template database that is correspondence data
between attribute information of an imaging object of an
input image and materials that are rendering elements
of a three-dimensional image is referred to to select a

material according to an imaging object attribute to gen-
erate a three-dimensional image. The template database
has recorded therein materials of component units of the
face of a person, and an image processing section ap-
plies a mask image of a component unit of the face and
acquires a material for each component from the tem-
plate database to execute material setting in a compo-
nent unit of the face.
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Description

[Technical Field]

[0001] The present disclosure relates to an image
processing apparatus, an image processing system, and
an image processing method as well as a program. More
particularly, the present disclosure relates to an image
processing apparatus, an image processing system, and
an image processing method as well as a program that
execute rendering of a three-dimensional (3D) image.

[Background Art]

[0002] In recent years, a three-dimensional (3D) image
generation technology that uses a computer graphics
(CG) technology is utilized in various fields such as movie
and game fields.
[0003] For example, PTL 1 (Japanese Patent Laid-
Open No. 2012-185624) discloses a three-dimensional
face model data generation apparatus for drawing the
face of a person in high quality at a low calculation cost.
[0004] This PTL 1 discloses an apparatus that per-
forms processing for cutting out, after it acquires facial
expression data of the face, only portions of the face of
the person and then pasting a texture corresponding to
the shape of the face deformed in response to the facial
expression to generate and display a three-dimensional
face image that is high in quality and is not uncomfortable.
[0005] Further, PTL 2 (Japanese Patent Laid-Open
No. 2010-113548) describes a polygon three-dimension-
al graphics drawing apparatus that adopts a texture map-
ping technique.
[0006] PTL 2 discloses an apparatus that makes it pos-
sible, by providing a coefficient relating to reflection of a
body to texture data, to express a plurality of different
reflections in one polygon thereby to allow more ad-
vanced quality feeling expression of the body with a
smaller amount of model data.

[Citation List]

[Patent Literature]

[0007]

[PTL 1] Japanese Patent Laid-Open No.
2012-185624
[PTL 2] Japanese Patent Laid-Open No.
2010-113548

[Summary]

[Technical Problems]

[0008] However, although the technology disclosed in
PTL 1 discloses a process for pasting a face texture cut
out from a video of a person to a face model to perform

rendering, since it is not taken it into consideration that
a reflection characteristic is changed for each of portions
having different characteristics from each other or the
like, in the case where a 3D image is displayed under a
condition different from an illumination environment at
the time of imaging, the 3D image sometimes becomes
unnatural.
[0009] On the other hand, according to the technology
disclosed in PTL 2, material parameters indicative of a
material type of a body such as a reflection coefficient
are kept by texture data, and a fine quality feeling ex-
pression is implemented by performing rendering making
the most of the material parameters.
[0010] However, this configuration disclosed in PTL 2
is a configuration that records one material parameter in
a corresponding relation to texture data in advance and
therefore has a problem that only one unique quality feel-
ing can be expressed for each texture. In particular, the
configuration disclosed in PTL 2 has such a problem that
an optimum quality feeling expression, for example, ac-
cording to a light source direction cannot be achieved.
[0011] The present disclosure has been made taking,
for example, the problem described above into consid-
eration and provides an image processing apparatus, an
image processing system, and an image processing
method as well as a program that implement a displaying
process of a three-dimensional (3D) image that is more
natural and has reality.
[0012] In one working example of the present disclo-
sure, a captured image of a person who is to become a
displaying target is inputted and attributes of the person
such as the sex and the age are analyzed from the in-
putted captured image (texture), and then feature amount
detection of a face organ, a skin region, a body portion,
hair, clothes and so forth is performed. Furthermore, a
texture map for material setting suitable for an imaging
object and a mask image that designates an application
range of the material are automatically generated from
a template database prepared in advance to automati-
cally set an appropriate material on the real-time basis
to arbitrary person 3D image model data thereby to allow
implementation of rendering having reality.
[0013] Further, according to the working example of
the present disclosure, in a displaying process of a three-
dimensional (3D) image of a person, customize informa-
tion regarding what CG effect is to be applied is acquired
from a user in advance, and from an inputted texture
(captured image), feature amount detection of a face or-
gan, a skin region, a body portion, hair, clothes and so
forth is performed. Thereafter, a texture map for material
setting and a mask image that designates an application
range of a material are automatically generated from the
template database associated with user selection to au-
tomatically set an appropriate material on the real-time
basis to arbitrary person 3D image model data thereby
to implement rendering favorable to the user.
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[Solution to Problems]

[0014] A first aspect of the present disclosure resides in
an image processing apparatus including:

an image processing section configured to execute
a three-dimensional image generation process
based on an input image, in which
the image processing section refers to a template
database that includes correspondence data be-
tween attribute information of an imaging object of
the input image and a material that is a rendering
element of a three-dimensional image to select a ma-
terial according to an imaging object attribute and
executes a generation process of a three-dimension-
al image.

[0015] Further, a second aspect of the present disclo-
sure resides in
an image processing system including:

a transmission apparatus configured to transmit an
image; and
a reception apparatus configured to execute
processing for an input image from the transmission
apparatus to generate a three-dimensional image
and display the three-dimensional image on a dis-
play section, in which
the image processing section of the reception appa-
ratus refers to a template database that includes cor-
respondence data between attribute information of
an imaging object of the input image and a material
that is a rendering element of a three-dimensional
image to select a material according to an imaging
object attribute and executes a generation process
of the three-dimensional image.

[0016] Further, a third aspect of the present disclosure
resides in
an image processing method executed by an image
processing apparatus, in which
the image processing apparatus includes an image
processing section configured to execute a three-dimen-
sional image generation process based on an input im-
age, and
the image processing section refers to a template data-
base that includes correspondence data between at-
tribute information of an imaging object of the input image
and a material that is a rendering element of a three-
dimensional image to select a material according to an
imaging object attribute and executes a generation proc-
ess of a three-dimensional image.
[0017] Furthermore, a fourth aspect of the present dis-
closure resides in
a program for causing an image processing apparatus
to execute image processing, in which
the image processing apparatus includes an image
processing section configured to execute a three-dimen-

sional image generation process based on an input im-
age, and
the program causes the image processing section to refer
to a template database that includes correspondence da-
ta between attribute information of an imaging object of
the input image and a material that is a rendering element
of a three-dimensional image to select a material accord-
ing to an imaging object attribute and execute a gener-
ation process of a three-dimensional image.
[0018] It is to be noted that the program of the present
disclosure is a program that can be provided, for exam-
ple, by a storage medium or a communication medium,
which provides the program in a computer-readable form,
to an image processing apparatus or a computer system
that can execute various program codes. By providing
such a program as just described in a computer-readable
form, processing according to the program is implement-
ed on the image processing apparatus or the computer
system.
[0019] Further objects, features and advantages of the
present disclosure will become clear from more detailed
description based on a working example of the present
disclosure hereinafter described and the accompanying
drawings. It is to be noted that a system in the present
specification is a logical set composition of a plurality of
apparatuses and is not limited to a configuration in which
component apparatuses are in the same housing.

[Advantageous Effect of Invention]

[0020] According to the configuration of the working
example of the present disclosure, an apparatus and a
method are provided which allow 3D image generation
based on an input image on the real-time basis.
[0021] In particular, for example, processing for image
frames of an input image is executed to generate a three-
dimensional image. The template database that is cor-
respondence data between attribute information of an
imaging object of an input image and materials that are
rendering elements of a three-dimensional image is re-
ferred to to select a material according to an imaging
object attribute to generate a three-dimensional image.
The template database has recorded therein materials
of component units of the face of a person, and the image
processing section applies a mask image of a component
unit of the face and acquires a material for each compo-
nent from the template database to execute material set-
ting in a component unit of the face.
[0022] By the present configuration, an apparatus and
a method are provided which allow 3D image generation
based on an input image on the real-time basis.
[0023] It is to be noted that the effects described in the
present specification are merely exemplary and the ef-
fects of the present disclosure are not limited to them.
Further, the present disclosure may demonstrate an ad-
ditional effect.
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[Brief Description of Drawings]

[0024]

[FIG. 1]
FIG. 1 is a view illustrating a rendering process of a
3D image and a material.
[FIG. 2]
FIG. 2 is a view illustrating a texture map.
[FIG. 3]
FIG. 3 is a view illustrating an example of a config-
uration and an example of processing of an image
processing system of the present disclosure.
[FIG. 4]
FIG. 4 is a view illustrating an example of a config-
uration and an example of processing of another im-
age processing system of the present disclosure.
[FIG. 5]
FIG. 5 is a view illustrating an example of a config-
uration and an example of processing of a further
image processing system of the present disclosure.
[FIG. 6]
FIG. 6 is a view illustrating an example of a config-
uration of an image processing apparatus.
[FIG. 7]
FIG. 7 is a view illustrating an example of data and
a template database stored in a storage section.
[FIG. 8]
FIG. 8 is a view illustrating another example of the
data and the template database stored in the storage
section.
[FIG. 9]
FIG. 9 is a flow chart illustrating a processing se-
quence executed by the image processing appara-
tus of the present disclosure.
[FIG. 10]
FIG. 10 is a view illustrating a feature point.
[FIG. 11]
FIG. 11 is a view illustrating an example of a mask
image.
[FIG. 12]
FIG. 12 is a view illustrating an example of a gener-
ation process of a mask image.
[FIG. 13]
FIG. 13 is a view illustrating another example of a
generation process of a mask image.
[FIG. 14]
FIG. 14 is a view illustrating a further example of a
generation process of a mask image.
[FIG. 15]
FIG. 15 is a view illustrating a still further example
of a generation process of a mask image.
[FIG. 16]
FIG. 16 is a view illustrating a yet further example of
a generation process of a mask image.
[FIG. 17]
FIG. 17 is a view illustrating a yet further example of
a generation process of a mask image.

[FIG. 18]
FIG. 18 is a view illustrating a further example of the
data and the template database stored in the storage
section.
[FIG. 19]
FIG. 19 is a view illustrating a still further example
of the data and the template database stored in the
storage section.
[FIG. 20]
FIG. 20 is a flow chart illustrating another processing
sequence executed by the image processing appa-
ratus of the present disclosure.
[FIG. 21]
FIG. 21 is a view illustrating an example of a hard-
ware configuration of the image processing appara-
tus.

[Description of Embodiment]

[0025] In the following, details of an image processing
apparatus, an image processing system, and an image
processing method as well as a program of the present
disclosure are described with reference to the drawings.
It is to be noted that the description is given in accordance
with the following items.

1. Overview of Computer Graphics (CG) Processing
2. Example of Configuration of Image Processing
System
3. Example of Configuration of Image Processing
Apparatus
4. Processing Executed by Image Processing Appa-
ratus
5. Example of Processing for Generating 3D Image
Customized on Basis of User Input Information
6. Example of Hardware Configuration of Image
Processing Apparatus
7. Summary of Constitution of Present Disclosure

[1. Overview of Computer Graphics (CG) Processing]

[0026] First, an overview of computer graphics (CG)
processing is described.
[0027] As described hereinabove, in recent years, a
three-dimensional (3D) image generation technology
that uses a computer graphics (CG) technology is utilized
in various fields such as movie and game fields.
[0028] Rendering performed as a drawing process of
a three-dimensional image is performed by a setting
process of a "material" to a "mesh" that is a divisional
region of a three-dimensional model.
[0029] The mesh is a polygonal region of a triangle, a
quadrangle or the like that is a fine divisional region of a
three-dimensional model.
[0030] By setting a material to this mesh, a drawing
process of a three-dimensional image, rendering, is per-
formed.
[0031] Although the "material" generally is a raw ma-
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terial or a material type of a body, it is, in computer graph-
ics (CG) performed as a three-dimensional image draw-
ing process, definition information of an optical charac-
teristic and a material quality feeling as characteristics
of a body and has a meaning of a material type to be set
to an object.
[0032] For example, in the case of rendering of a per-
son, elements that become a target of rendering include
the skin, eyeballs, mouth, hair, clothes and so forth of a
person. Each of such elements is divided into a plurality
of meshes for each of portions having different charac-
teristics, and by setting an optimum material to each
mesh, namely, by setting an optimum optical character-
istic and material quality feeling, three-dimensional mod-
el data having reality can be generated.
[0033] It is to be noted that the image processing ap-
paratus of the present disclosure hereinafter described
generates and displays a 3D image CG processed on
the basis of a video obtained by imaging an imaging ob-
ject, for example, a person, that is received, for example,
through a network.
[0034] In this case, in the imaged video of a person,
the captured image and the meshes are updated for each
frame.
[0035] For the data updated in a frame unit, processing
for setting appropriate materials to such portions as the
skin, eyeballs, lips, hair, clothes and so forth is performed
to perform generation and display of a 3D image on the
real-time basis.
[0036] For example, as a mesh setting process for a
moving person, a method is known by which a SCAPE
(Shape Completion and Animation of People) model,
which is a statistical human body shape model, is fitted
to an imaging object image to perform mesh generation.
According to this mesh generation method, the position
and so forth of face organs are acquired from a base
model and a 3D image corresponding to the base model
is generated.
[0037] However, in the case where information ob-
tained is only a captured image (texture image), which
is an image of a screen space, and meshes, it is neces-
sary to estimate positions to which various materials are
to be applied for each frame. In the process of the present
disclosure, face organ detection, feature point detection,
semantic segmentation and so forth are executed from
a captured image of a screen space to generate a mask
image in each material unit to be set and then an appli-
cation range of each material is determined, whereafter
a material setting process is executed.
[0038] A particular process of the present disclosure
is hereinafter described in detail.
[0039] As described hereinabove, the "material" is def-
inition information of an optical characteristic and a ma-
terial quality feeling as a characteristic of a body.
[0040] The "material" corresponds to a material type
to be set to an object (body) configuring each mesh of a
three-dimensional model. For example,
in the case where the three-dimensional model includes

substances different from each other such as metal,
wood, human skin, hair and so forth, it is necessary to
classify the meshes in such substance units, and it is
necessary to set, in a mesh of each substance, a "ma-
terial" coincident with the material type of the substance.
[0041] As depicted in FIG. 1, elements of the "material"
include "texture" and "shader."
[0042] The "texture" is an image to be pasted to a
mesh, and
the "shader" is an algorithm for calculating light and dark
appearing on a body surface when the body is lighted,
namely, for calculating the intensity of reflection light, and
is an algorithm for calculating a drawing color for each
pixel in a mesh on the basis of a light source and a ma-
terial to be set.
[0043] Basic shaders include a Lambert shader, a
Phong shader, a Blinn shader and so forth.
[0044] Further, shaders that target person expression
include a skin shader, a hair shader, an eyeball shader
and so forth.
[0045] For a mesh that becomes a component of a
three-dimensional model, three-dimensional model data
having reality can be generated by setting a material
close to an actual material type of the mesh, particularly,
a texture or a shader.
[0046] The texture is image data that can be generated
by synthesizing a plurality of texture maps having effects
different from each other.
[0047] As depicted in FIG. 2, the texture map, for ex-
ample, includes the following types.

(1) Base color map
(2) Shininess map
(3) Normal map
(4) Cavity map
(5) Metallic map

[0048] Effects and expressions of the texture maps are
described with reference to FIG. 2.

(1) The base color map is color information that is a
basis (pattern).
(2) The shininess map is a texture map for controlling
the smoothness of a substance, and a place at which
the luminance is higher indicates a sharper specular
(specular reflection). The black (0, 0) indicates full
diffuse reflection, and the white (1, 0) indicates full
specular reflection.
In particular, the shininess map represents a degree
of gloss and can express a difference in shine, for
example, for each portion of the face.
(3) The normal map is a texture map that expresses
fine irregularities and can express fine irregularities
of the face such as wrinkles and a mole.
(4) The cavity map is used when it is intended to
suppress the intensity of the specular (specular re-
flection). For example, minute shadows such as
pores or stains can be generated.
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(5) The metallic map is a texture map that is utilized
in the case where control of the degree of metal is
to performed, and the black (0, 0) corresponds to a
nonmetal and the white (1, 0) corresponds to a metal.
For example, if the metallic map is applied to a me-
tallic part, then a quality feeling of the metal can be
expressed.

[0049] In this manner, the texture is image data that
can be generated by synthesizing a plurality of texture
maps having individually different effects.
[0050] As described with reference to FIGS. 1 and 2,
in the case where a three-dimensional image is drawn
(rendering), it is necessary to set an optimum material in
a mesh unit including a polygonal region of a polygon
such as, for example, a triangle or a quadrangle.
[0051] Elements of a "material" include a "texture" and
a "shader," and by determining the "texture" and the
"shader" taking the material type of a component unit of
a three-dimensional model, a light source direction and
so forth into consideration, a drawing process (rendering)
of a three-dimensional image that provides a sense of
reality can be performed.
[0052] For example, in the case where drawing (ren-
dering) of the skin of the face of a person as a three-
dimensional image is to be performed, an optimum ma-
terial according to a skin characteristic of the person is
set to a mesh region corresponding to the skin region of
the face.
[0053] Generally, in this rendering process, in regard
to which texture map is to be used to provide an intended
CG effect, a designer will perform rendering after con-
ducting various investigations in advance.
[0054] Since most of latest rendering engines are of a
physically based (PBR) type, setting of each material can
set a quantitatively correct value and many three-dimen-
sional models can be reproduced with a quality feeling
closer to a real one. Especially, an expression of a me-
tallic substance has no inferiority even in comparison with
a real thing.
[0055] However, when it comes to human expression,
even the reflectance of the skin varies depending upon
the portion, and it is very difficult to acquire and set a
correct value. Further, although it deviates from the prin-
ciple of PBR, only by setting a correct value, since there
is a case in which a natural expression as an appearance
cannot be reproduced, such devices of material setting
influence much upon the quality of the 3D expression.
[0056] If much time is spent for rendering processing
and such a trial and error that it is tried to set various
materials having various textures and shaders is repeat-
ed, then it is possible to perform drawing of a three-di-
mensional model image closer to reality.
[0057] However, if it is tried to draw a three-dimension-
al image model to which a computer graphics (CG) effect
is applied on the real-time basis, for example, to a video
received through a network, then it is necessary to exe-
cute setting of a material to be set to each mesh in a very

short time and sufficient investigation cannot be per-
formed. As a result, material setting becomes inappro-
priate, and the 3D image frequently becomes unnatural.
[0058] The processing of the present disclosure solves
such problems as described above.
[0059] In particular, for example, in the case where a
three-dimensional image model to which a computer
graphics (CG) effect is applied on the real-time basis, for
example, to a video received through a network is to be
drawn, it is made possible to generate a natural image
having higher reality and indicating a sense of reality.
[0060] Further, the processing of the present disclo-
sure makes possible virtual makeup of, for example, dis-
playing a three-dimensional image based on the own
face on a display section and applying a computer graph-
ics (CG) effect to this display image.
[0061] In the following, the configuration of the present
disclosure is described.

[2. Example of Configuration of Image Processing Sys-
tem]

[0062] In the following, an example of a configuration
of the image processing system of the present disclosure
is described.
[0063] It is to be noted that, in the following, as the
example of the system configuration, the following two
examples are described.

(a) A system configuration in which the transmission
apparatus side generates a 3D model based on a
captured image and transmits the 3D model to the
reception apparatus and the reception apparatus
side applies the 3D model to generate a 3D image
for display and displays the 3D image for display
(b) A system configuration in which the transmission
apparatus transmits a captured image and depth da-
ta to the reception apparatus and the reception ap-
paratus side generates a 3D model, applies the gen-
erated 3D model to generate a 3D image for display
and displays the 3D image for display

[0064] First, referring to FIG. 3,
(a) the system configuration in which the transmission
apparatus side generates a 3D model based on a cap-
tured image and transmits the 3D model to the reception
apparatus and the reception apparatus side applies the
3D model to generate a 3D image for display and displays
the 3D image for display is described.
[0065] The image processing system depicted in FIG.
3 is configured such that, on a transmission apparatus
110 side, an image is captured by a plurality of cameras
(multi camera) and depth data (distance information) is
generated, and the captured image and the depth data
are utilized to execute a 3D modeling process for each
imaging frame to generate a textured 3D model.
[0066] The transmission apparatus 110 transmits the
generated 3D model for each frame to a reception appa-
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ratus 120.
[0067] The reception apparatus 120 generates a 3D
image for display utilizing the received 3D model and
displays the 3D image for display.
[0068] A configuration and processing of the image
processing system depicted in FIG. 3 are described.
[0069] The image processing system depicted in FIG.
3 includes the transmission apparatus 110 and the re-
ception apparatus 120.
[0070] The transmission apparatus 110 generates a
3D model from a captured imaging object image and
transmits the 3D model to the reception apparatus 120
through a network 30.
[0071] The reception apparatus 120 performs a com-
puter graphics (CG) process for the imaging object image
received from the transmission apparatus 110 to gener-
ate a three-dimensional (3D) image and displays a 3D
image 30 on a display section 124.
[0072] In the transmission apparatus 110, an image
acquisition section 111 including a camera captures an
input video of an imaging object 10.
[0073] The image acquisition section 111 includes a
plurality of cameras (RGB, depth) and acquires RGB im-
ages and a depth image by imaging the imaging object
10 from various angles.
[0074] In other words, the image acquisition section
111 captures images from various angles, which are ne-
cessitated to generate a three-dimensional image of the
imaging object 10.
[0075] The images captured by the image acquisition
section 111 are inputted to a three-dimensional model
information generation section 113 and a transmission
information generation section 114.
[0076] The three-dimensional model information gen-
eration section 113 generates three-dimensional model
information of an imaging object on the basis of the cap-
tured images of the imaging object 10.
[0077] The three-dimensional model information gen-
erated by the three-dimensional model information gen-
eration section 113 includes mesh data 131, texture in-
formation 132 and UV map 133 in data indicated as trans-
mission data 130 in FIG. 3.
[0078] The mesh data 131 is a polygonal region of a
triangle, a quadrangle or the like that is a fine divisional
region of a three-dimensional model as described here-
inabove.
[0079] By setting a material to this mesh, a drawing
process of a three-dimensional image, rendering, is per-
formed.
[0080] The texture information 132 is raw material in-
formation of a texture to be pasted to the mesh data 131.
[0081] The UV map 133 is coordinate information that
is necessitated when a process for pasting a texture to
mesh data, so-called texture mapping, is to be per-
formed.
[0082] The transmission information generation sec-
tion 114 generates attribute information 134 and feature
point information 135 of the imaging object 10, in addition

to three-dimensional model information (mesh data 131,
texture information 132 and UV map 133) generated by
the three-dimensional model information generation sec-
tion 113, and transmits them through a communication
section 115.
[0083] The attribute information 134 particularly is in-
formation of, for example, the sex, age, race, skin type
and composing parts (mouth, eyes, nose and so forth).
It is to be noted that, although it is possible to obtain such
attribute information by image analysis, the information
inputted by the user on the transmission apparatus 110
may be used.
[0084] The feature point information 135 is feature
points and so forth indicative of portions of face organs
of the imaging object 10 such as, for example, the eyes,
nose, cheeks, clothes and so forth. This feature point
extraction is executed on the basis of an image captured
by the image acquisition section 111.
[0085] In this manner, the transmission information
generation section 114 transmits, in addition to three-
dimensional model information (mesh data 131, texture
information 132 and UV map 133) generated by the three-
dimensional model information generation section 113,
the attribute information 134 and the feature point infor-
mation 135 of the imaging object 10 to the reception ap-
paratus 120 through the communication section 115 and
the network 20.
[0086] It is to be noted that the attribute information
134 may be transmitted only once in the case where the
imaging object 10 is the same. The other information is
transmitted sequentially for every transmission of an im-
age frame.
[0087] The reception apparatus 120 receives the data
described above from the transmission apparatus 110,
and an image processing section 122 applies the recep-
tion data to perform processing by a computer graphics
(CG) process for the image (texture) of the imaging object
10 received from the transmission apparatus 110 to gen-
erate a three-dimensional image and displays a 3D im-
age 30 on the display section 124.
[0088] It is to be noted that, in the case where a real-
time display process of a three-dimensional image is to
be performed by the reception apparatus 120, as pre-
processing for this, generation of a three-dimensional im-
age as a base for the imaging object 10, a storage proc-
ess of the three-dimensional image into a database 123
and so forth are performed.
[0089] After various data necessitated for real-time
processing are stored into the database 123 in this pre-
processing, a three-dimensional image displaying proc-
ess by real-time processing is performed.
[0090] In the real-time processing, processing by a
computer graphics (CG) process is performed on the re-
al-time basis for an imaging object image received from
the transmission apparatus 110 to generate a three-di-
mensional image and displaying the resulting 3D image
30 on the display section.
[0091] In this real-time processing, for example, setting
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of an optimum material according to attribute information
of the imaging object is performed to generate a more
natural three-dimensional image and the three-dimen-
sional image is displayed.
[0092] It is to be noted that, although the example of
the configuration of the image processing system of the
present disclosure depicted in FIG. 3 is configured such
that three-dimensional model information (mesh data
131, texture information 132 and UV map 133) is gener-
ated by the transmission apparatus 110 side and is trans-
mitted to the reception apparatus 120, the image
processing system may otherwise have a system con-
figuration in which the generation process of three-di-
mensional model information is executed by the recep-
tion apparatus 120 side.
[0093] Referring to FIG. 4,
(b) the system configuration in which the transmission
apparatus transmits a captured image and depth data to
the reception apparatus and the reception apparatus side
generates a 3D model, applies the generated 3D model
to generate a 3D image for display and displays the 3D
image for display
is described.
[0094] In the image processing system depicted in FIG.
4, images (RGB, depth) are captured by a plurality of
cameras (multi camera) on the transmission apparatus
110 side, and the captured images and the depth data
are transmitted for each imaging frame to the reception
apparatus 120.
[0095] The reception apparatus 120 utilizes the re-
ceived captured images and depth data to execute a 3D
modeling process for each imaging frame to generate a
textured 3D model.
[0096] Further, the reception apparatus 120 utilizes the
generated 3D model to generate a 3D image for display
and displays the 3D image for display.
[0097] A configuration and processing of the image
processing system depicted in FIG. 4 are described.
[0098] The image processing system depicted in FIG.
4 includes a transmission apparatus 110 and a reception
apparatus 120.
[0099] The transmission apparatus 110 captures an
imaging object image and transmits the image to the re-
ception apparatus 120 through the network 30.
[0100] The reception apparatus 120 performs a com-
puter graphics (CG) process for the imaging object image
received from the transmission apparatus 110 to gener-
ate a three-dimensional (3D) image and displays a 3D
image 30 on the display section 124.
[0101] In the transmission apparatus 110, an image
acquisition section 111 including a camera captures an
input video of an imaging object 10.
[0102] The image acquisition section 111 includes a
plurality of cameras and images the imaging object 10
from various directions to obtain images.
[0103] In particular, the image acquisition section 111
captures images from various directions necessitated to
generate a three-dimensional image of the imaging ob-

ject 10.
[0104] The images captured by the image acquisition
section 111 are inputted to the transmission information
generation section 114.
[0105] The transmission information generation sec-
tion 114 generates attribute information 134 and feature
point information 135 of the imaging object 10 and trans-
mits them together with captured image information 137
and depth information 136 acquired by the image acqui-
sition section 111 through the communication section
115.
[0106] It is to be noted that, in the case where the im-
aging object 10 is the same, the attribute information 134
may be transmitted only once. The other information is
transmitted sequentially for every transmission of an im-
age frame.
[0107] The reception apparatus 120 receives the data
described above from the transmission apparatus 110,
and the image processing section 122 applies the recep-
tion data to perform processing by a computer graphics
(CG) process for an image (texture) of the imaging object
10 received from the transmission apparatus 110 to gen-
erate a three-dimensional image and displays the 3D im-
age 30 on the display section 124.
[0108] In the configuration depicted in FIG. 4, the im-
age processing section 122 of the reception apparatus
120 is configured such that it includes a three-dimension-
al model information generation section. In particular, the
image processing section 122 generates three-dimen-
sional model information of the imaging object on the
basis of a captured image of the imaging object 10.
[0109] The three-dimensional model information gen-
erated by the image processing section 122 includes the
mesh data, texture information and UV map described
hereinabove with reference to FIG. 3.
[0110] The mesh data 131 is a polygonal region of a
triangle, a quadrangle or the like that is a fine divisional
region of a three-dimensional model as described here-
inabove.
[0111] By setting a material to this mesh, a drawing
process of a three-dimensional image, rendering, is per-
formed.
[0112] It is to be noted that, in the case where a real-
time display process of a three-dimensional image is to
be performed by the reception apparatus 120, as pre-
processing for this, generation of a three-dimensional im-
age as a base for the imaging object 10, a storage proc-
ess of the three-dimensional image into the database
123 and so forth are performed.
[0113] After various data necessitated for real-time
processing are stored into the database 123 in this pre-
processing, a three-dimensional image displaying proc-
ess by real-time processing is performed.
[0114] In the real-time processing, processing by a
computer graphics (CG) process is performed on the re-
al-time basis for an imaging object image received from
the transmission apparatus 110 to generate a three-di-
mensional image, and processing for displaying the re-
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sulting 3D image 30 on the display section is performed.
[0115] In this real-time processing, for example, setting
of an optimum material according to attribute information
of the imaging object is performed to generate a more
natural three-dimensional image and the three-dimen-
sional image is displayed.
[0116] An example of particular processing to which
the configuration that a three-dimensional model infor-
mation generation section is set to the image processing
section 122 on the reception apparatus 120 side depicted
in FIG. 4 is applied is described below with reference to
FIG. 5.
[0117] It is to be noted that, although the following de-
scription is directed to an example of processing in which
the three-dimensional model information generation sec-
tion is set to the image processing section 122 on the
reception apparatus 120 side, the processing described
below is different, also in the configuration example de-
scribed hereinabove with reference to FIG. 3 in which
the 3D model information generation section is provided
on the transmission apparatus 110 side, only in the ex-
ecution subject of the processing and similar processing
can be applied.
[0118] As depicted in FIG. 5, the reception apparatus
120 receives, from the transmission apparatus 110, the
following information:

captured image information 137,
depth information 136,
attribute information 134, and
feature point information 135.

[0119] The image processing section 122 executes,
for example, the following processes.

(a1) Generation and modification (removal of a shad-
ow and reflection (Specular) and so forth) of a three-
dimensional (3D) model
(a2) Mask image generation
(a3) Imaging object attribute information acquisition
(a4) Creation of an imaging object attribute associ-
ation template database

[0120] The image processing section 122 executes,
for example, the processes described above.
[0121] (a1) The generation and modification (removal
of a shadow and reflection (Specular) and so forth) of a
3D model is a process of generating three-dimensional
model information of an imaging object and modifying
texture information on the basis of the captured image
of the imaging object 10 received from the transmission
apparatus 110.
[0122] The three-dimensional model information to be
generated includes mesh data, texture information and
a UV map.
[0123] The mesh data is a polygonal region of a trian-
gle, a quadrangle or the like that is a fine divisional region
of a three-dimensional model as described hereinabove.

[0124] By setting a material to this mesh, a drawing
process of a three-dimensional image, rendering, is per-
formed.
[0125] The texture information 132 is raw material in-
formation of a texture to be pasted to the mesh data 131.
[0126] The UV map is coordinate information that is
necessitated when a process for pasting a texture to
mesh data, so-called texture mapping, is to be per-
formed.
[0127] Further, the image processing section 122 per-
forms modification (removal of shadow and reflection
(Specular) and so forth) of the generated texture infor-
mation as occasion demands.
[0128] The reception apparatus 120 performs CG
processing such as setting of a material to a mesh unit,
namely, pasting of a texture in a unit of a mesh, setting
of a pixel value by a shader and so forth for the generated
3D model to generate a 3D image for display.
[0129] However, a texture image generated on the ba-
sis of a captured image inputted from the reception ap-
paratus sometimes includes a shadow, reflection and so
forth by ambient light upon imaging of the imaging object
10. If material setting, namely, CG processing such as
texture pasting, is performed on the basis of an image
that includes such surplus contrast information, then a
shadow or reflection upon imaging is sometimes reflect-
ed, resulting in generation of an unnatural image.
[0130] As a process for preventing occurrence of such
a problem as described above, modification of a texture
image is performed.
[0131] (a2) The mask image generation is a generation
process of a mask image for hiding a region other than
a material setting target region in the case where material
setting of a mesh unit is performed.
[0132] For example, in the case where a 3D image
model of a person is to be generated by a CG process,
it is necessary to set different materials to different parts
such as the skin, hair and the like of the person.
[0133] A mask image for defining such a material set-
ting range as just described is generated.
[0134] An example of a particular mask image and an
example of material setting are hereinafter described.
[0135] (a3) The imaging object attribute information
acquisition process is a process for acquiring attribute
information of an imaging object imaged by the transmis-
sion apparatus 110.
[0136] Particular attribute information is information of,
for example, the sex, age, race, skin type and composing
parts (mouth, eyes, nose and so forth). It is to be noted
that, although it is possible to obtain such attribute infor-
mation by image analysis, the information inputted by the
user on the transmission apparatus 110 may be used.
[0137] (a4) The creation process of an imaging object
attribute association template database is creation of a
database that associates attribute information of an im-
aging object described hereinabove with material infor-
mation such as a texture with each other.
[0138] By storing this template database into the da-
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tabase 123 of the transmission apparatus 120, the gen-
eration process of a 3D image model on the real-time
basis can be performed at a high speed.
[0139] A particular example of the template database
is hereinafter described.
[0140] In this manner, the image processing section
122 of the reception apparatus 120 depicted in FIG. 5
performs the following processes.

(a1) Generation of a 3D model and modification (re-
moval of a shadow and reflection (Specular) and so
forth) of a texture image
(a2) Mask image generation
(a3) Imaging object attribute information acquisition
(a4) Creation of imaging object attribute association
template database

[0141] Data generated as a result of the above-de-
scribed processes by the image processing section 122
is stored into the database 123 as a storage section.
[0142] As depicted in FIG. 5, in the database 123, the
following information is stored.

(b1) Mask image
(b2) Imaging object attribute information
(b3) Imaging object attribute association template
database

[0143] Such data are data generated on the basis of
data received from the transmission apparatus 110 by
the image processing section 122 of the reception appa-
ratus 120 depicted in FIG. 5.
[0144] After predetermined data is stored into the da-
tabase, real-time processing, namely, real-time process-
ing of the reception apparatus 120 of receiving data of
an imaging object image or the like transmitted from the
transmission apparatus 110, performing CG processing
on the real-time basis for the reception data to generate
a 3D image for display and displaying the 3D image for
display on the display section, is executed.
[0145] In the real-time processing, the image acquisi-
tion section 111 on the transmission apparatus 110 side
captures a real-time image of the imaging object 10.
[0146] The image captured by the image acquisition
section 111 is inputted to the transmission information
generation section 114.
[0147] The transmission information generation sec-
tion 114 transmits
captured image information 137,
depth information 136,
attribute information 134, and
feature point information 135
to the reception apparatus 120 through the communica-
tion section 115 and the network 20.
[0148] It is to be noted that, as described hereinabove,
the attribute information 134 may be transmitted only
once in the case where there is no change of the imaging
object 10.

[0149] The reception apparatus 120 uses the informa-
tion inputted from the transmission apparatus 110 to gen-
erate a 3D image that is an output video to be displayed
on the display section 124 and displays the 3D image.
[0150] It is to be noted that, in the real-time processing,
a process of utilizing a captured image at present of an
imaging object, applying information acquired and stored
already in the database 123 in pre-processing to gener-
ate a CG-processed 3D image and displaying the 3D
image is performed.

[3. Example of Configuration of Image Processing Appa-
ratus]

[0151] Now, a particular configuration of an image
processing apparatus that performs a 3D image gener-
ation process, namely, of the reception apparatus 120
depicted in FIG. 5, is described with reference to FIG. 6
and so forth.
[0152] FIG. 6 is a view depicting an example of a con-
figuration of an image processing apparatus, namely, of
an image processing apparatus 200 that corresponds to
the reception apparatus 120 depicted in FIG. 5.
[0153] As depicted in FIG. 6, the image processing ap-
paratus 200 includes an image inputting section (com-
munication section) 201, a user inputting section (user
IF) 202, an image processing section 203, a storage sec-
tion (DB) 204 and a display section 205.
[0154] The image inputting section (communication
section) 201 corresponds to a communication section
121 of the reception apparatus 120 depicted in FIGS. 4
and 5.
[0155] The user inputting section (user IF) 202 is an
inputting section configured in the reception apparatus
120 although it is not depicted in the reception apparatus
120 depicted in FIGS. 4 and 5.
[0156] The image processing section 203 corresponds
to the image processing section 122 of the reception ap-
paratus 120 depicted in FIGS. 4 and 5.
[0157] The storage section (DB) 204 corresponds to
the database 123 of the reception apparatus 120 depict-
ed in FIGS. 4 and 5.
[0158] The display section 205 corresponds to the dis-
play section 124 of the reception apparatus 120 depicted
in FIGS. 4 and 5.
[0159] As depicted in FIG. 6, the image processing
section 203 includes an image information analysis sec-
tion 211, a mesh editing section 212, a material applica-
tion section 213 and a rendering section 214.
[0160] The image information analysis section 211 in-
cludes a feature amount extraction section 211a and an
attribute analysis section 211b.
[0161] The mesh editing section 212 includes a mesh
acquisition section 212a, a mesh division section 212b
and a model addition section 212c.
[0162] The material application section 213 includes a
mask image generation section 213a and a texture map
generation section 213b.
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[0163] Into the storage section (DB) 204, data acquired
from the transmission apparatus 110 by the pre-process-
ing described hereinabove with reference to FIG. 4 and
data generated by processing of the image processing
section 203 are stored. Also data generated by the image
processing section 203 in the real-time processing de-
scribed hereinabove with reference to FIG. 5 is stored.
[0164] An example of storage data of the storage sec-
tion (DB) 204 is depicted in FIG. 7.
[0165] As depicted in FIG. 7, into the storage section
(DB) 204, a mask image 222, imaging object attribute
information 223, a template database 224 and so forth
are stored.
[0166] The mask image 222 is a mask image for mask-
ing a region other than a material setting region in a ma-
terial setting process for a mesh applied in the real-time
processing.
[0167] In the processing of the present disclosure, de-
tection of portions of face organs such as the eyes, nose,
cheeks or clothes, feature point detection and so forth
from each of captured images of different frames re-
ceived from the transmission apparatus 110 are per-
formed to generate a mask image in a material unit to be
set to each portion. Then, an application range of each
material is determined and then a material setting proc-
ess for each portion is executed.
[0168] The mask image 222 is an image to be applied
to masking of each imaging object component unit (por-
tion unit).
[0169] A particular example of a mask image and an
application process are hereinafter described.
[0170] The imaging object attribute information 223 is
information acquired by the process described herein-
above with reference to FIG. 5.
[0171] The particular attribute information is informa-
tion of, for example, the sex, age, race, skin type and
composing parts (mouth, eyes, nose and so forth). It is
to be noted that, although also it is possible to obtain
such attribute information by image analysis, the infor-
mation inputted by the user on the transmission appara-
tus 110 or the reception apparatus 120 may be used in-
stead.
[0172] The template database 224 includes, as depict-
ed in FIG. 7,
correspondence data of attribute information and mate-
rials.
[0173] The attribute information includes imaging ob-
ject attribute information and portion attribute informa-
tion.
[0174] The materials include texture maps.
[0175] The imaging object attribute information is at-
tribute information of a person who is an imaging object
such as, for example, the "sex," "age," "race" and "skin
type."
[0176] The portion attribute information is attribute in-
formation that becomes identification information of por-
tions of the face of a person such as, for example, the
eyes, nose, eyebrows and cheeks.

[0177] Such attribute information can be acquired on
the basis of image data received from the transmission
apparatus 110 in pre-processing or real-time processing
or may be acquired on the basis of user input information.
[0178] This template database is correspondence data
of attribute information and materials.
[0179] In the case where the image processing section
203 of the image processing apparatus 200 performs a
process for generating a 3D image to which a CG effect
is applied by real-time processing, the image processing
section 203 can refer to the template database to imme-
diately acquire materials to be set to such portions as the
eyes, nose, cheeks and so forth of a person detected
from an imaging object image received from the trans-
mission apparatus 110, for example, from a captured im-
age of the person.
[0180] In particular, by utilizing the template database,
it becomes possible to perform optimum material setting
in an imaging object component unit (portion unit) in a
short time in a frame unit configuring an imaging object
video transmitted from the transmission apparatus 110
and the 3D image generation can be executed as real-
time processing.
[0181] It is to be noted that, although, according to the
configuration of the template database 224 depicted in
FIG. 7, only a texture map is recorded as a material, a
shader is not recorded.
[0182] The shader is an algorithm for calculating a
drawing color for each pixel in a mesh as described here-
inabove. In the case where processing utilizing the tem-
plate database for setting depicted in FIG. 7 is to be per-
formed, a texture is acquired from the template database,
while, for a shader, a calculation process is executed
every time in a frame unit to perform a determination
process of a drawing color in a pixel unit in a mesh.
[0183] An example of a configuration of the template
database 204 having a different setting from that of the
template database 224 depicted in FIG. 7 is depicted in
FIG. 8.
[0184] The template database 224 depicted in FIG. 8
has recorded therein a texture map and a shader as a
material.
[0185] If the template database having the setting de-
picted in FIG. 8 is utilized, then it becomes possible to
acquire not only a texture but also information of a shader
from the template database, and it becomes possible to
determine a texture in a mesh and a drawing color for
each pixel in a frame unit and in an imaging object com-
ponent unit (portion unit).

[4. Processing Executed by Image Processing Appara-
tus]

[0186] Now, particular processing executed by an im-
age processing apparatus that performs a 3D image gen-
eration process on the real-time basis, namely, by the
image processing apparatus 200 having the configura-
tion described with reference to FIG. 6 (= reception ap-
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paratus 120 of FIG. 5) is described with reference to FIG.
9 and so forth.
[0187] FIG. 9 is a flow chart illustrating a sequence of
the processing executed by the image processing appa-
ratus, namely, the image processing apparatus 200 de-
picted in FIG. 6 (= reception apparatus 120 of FIG. 5).
[0188] In the following, a particular example of
processing executed by the image processing apparatus
200 depicted in FIG. 6 (= reception apparatus 120 of FIG.
5) is described with reference to the flow chart.
[0189] It is to be noted that processes in accordance
with the flow chart depicted in FIG. 9 are executed in
accordance with a program stored, for example, in the
storage section of the image processing apparatus under
the control of a data processing section including a con-
troller including a CPU and so forth having a program
execution function.
[0190] The processes at the steps of the flow depicted
in FIG. 9 are described sequentially.

(Step S101)

[0191] First, the image inputting section 201 of the im-
age processing apparatus 200 inputs captured image in-
formation 137 and depth information that become a gen-
eration source of a 3D image.
[0192] It is to be noted that the processes at steps S101
to S109 depicted in this flow are executed for each image
frame configuring a captured video of an imaging object
transmitted, for example, from the transmission appara-
tus 110 depicted in FIG. 5.
[0193] In particular, at final step S109, rendering of a
3D image to which a CG effect is applied is performed in
an image frame unit transmitted from the transmission
apparatus 110.

(Step S102)

[0194] Then at step S102, the attribute analysis section
211b of the image information analysis section 211 an-
alyzes attributes (sex, age, skin type and so forth) of a
person of the imaging object on the basis of the inputted
captured image.
[0195] It is to be noted that also it is possible to perform
this process in advance, or the process may be per-
formed as real-time processing.
[0196] As described hereinabove, the attribute infor-
mation acquisition process is performed by analyzing the
captured image information 137 or 3D model information
transmitted from the transmission apparatus 110.
[0197] The particular attribute information includes in-
formation of, for example, the sex, age, race, skin type
and composing parts (mouth, eyes, nose and so forth)
and so forth. It is to be noted that, although it is possible
to obtain such attribute information by image analysis,
the information inputted by the user may be used.

(Step S103)

[0198] Then at step S103, the feature amount extrac-
tion section 211a sets segmentation regions correspond-
ing to individual portions (eyes, nose, mouth and eye-
brows that are face organs, skin region, body portion,
hair, clothes and so forth) of an imaging object (person)
on the basis of the feature amounts of the captured image
inputted at step S101.
[0199] An example of feature points of the eyes, nose,
mouth, eyebrows and so forth that are face organs is
depicted in FIG. 10.
[0200] In the example depicted in FIG. 10, feature
points 1 to 17 are feature points indicative of the profile
of the face.
[0201] Feature points 18 to 22 and 23 to 27 are feature
points indicative of the eyebrows.
[0202] Feature points 28 to 36 are feature points indic-
ative of the nose.
[0203] Feature points 37 to 48 are feather points indic-
ative of the eyes.
[0204] Feature points 49 to 68 are feature points indic-
ative of the mouth.
[0205] For example, the feature points are detected
from the image to set segmentation regions correspond-
ing to the portions (eyes, nose, mouth and eyebrows that
are face organs, skin region, body portion, hair, clothes
and so forth).
[0206] It is to be noted that, for the setting of segmen-
tation regions, also semantic segmentation that is con-
ventionally known can be utilized in addition to the proc-
ess based on feature points described above.
[0207] For example, for region detection of the face
region, hands, hair, clothes and so forth or for setting of
segmentation regions, utilization of the semantic seg-
mentation is possible.

(Step S104)

[0208] Then at step S104, the mask image generation
section 213a generates a mask image to be applied to
perform material setting in a segmentation region unit
based on the feature amounts.
[0209] As described hereinabove, the mask image is
a mask image for masking a region other than a material
setting region in a material setting process for a mesh
applied in real-time processing.
[0210] In the processing of the present disclosure, eve-
ry time a frame is received from the transmission appa-
ratus 110, from each of captured images of different
frames, detection of portions such as face organs like
the eye, nose, cheeks and clothes, feature point detec-
tion and so forth are executed to generate mask images
in a material unit to be set to each portion and determine
an application range of the material, and then a material
setting process for each portion is executed.
[0211] A mask image is an image that is applied to
masking of an imaging object component unit (portion

21 22 



EP 3 633 624 A1

13

5

10

15

20

25

30

35

40

45

50

55

unit).
[0212] An example of a mask image is described with
reference to FIG. 11.
[0213] FIG. 11 depicts the following figures.

(A) input image

(1) to (8) Mask image of each segmentation region unit

[0214] For example, (1) the face mask is a mask to be
applied upon material setting to a face region in an im-
aging object image. With the face mask, an image region
other than the face region is masked. By performing the
material setting process utilizing this face mask, the ma-
terial is applied only to the face region while the material
is not applied to any other region.
[0215] Similarly, (2) the hand mask is a mask to be
applied upon material setting to a hand region in an im-
aging object image. With the hand mask, an image region
other than the hand region is masked. By performing the
material setting process utilizing this hand mask, the ma-
terial is applied only to the hand region while the material
is not applied to any other region.
[0216] The foregoing similarly applies also to the (3)
hair mask, (4) clothes mask, (5) eye mask, (6) nose mask,
(7) mouth mask and (8) cheek mask, and each of the
masks mentioned is a mask image having a configuration
for masking all image regions other than the material set-
ting target region.
[0217] At step S104, the mask image generation sec-
tion 213a generates a mask image to be applied to per-
form material setting of a segmentation region unit based
on the feature amounts, namely, such a mask image as
depicted, for example, in FIG. 11.
[0218] It is to be noted that the mask image depicted
in FIG. 11 is an example, and various mask images are
generated in response to an imaging object.
[0219] For a generation process of a mask image, a
configuration that utilizes a template image may be ap-
plied. For example, template images of the mask images
of the (1) face mask, (2) hand mask, (3) hair mask, (4)
clothes mask, (5) eye mask, (6) nose mask, (7) mouth
mask and (8) cheek mask depicted in FIG. 11 are stored
in the storage section 204 in advance, and by modifying
any of the template mask images in accordance with an
imaging object image inputted from the transmission ap-
paratus, a mask image that fits an input image can be
generated.
[0220] An example of a generation process of an eye
mask image to which a template image is applied is de-
scribed with reference to FIG. 12.
[0221] For example, such a template mask image for
the application to an eye as depicted in (1) of FIG. 12 is
stored in the storage section 204 in advance.
[0222] The mask image generation section 213a se-
lects feature points in the proximity of a region of an eye
from among feature points in a captured image of an
imaging object inputted through the image inputting sec-

tion 201 as used feature points. The used feature points
in (2) of FIG. 12 are feature points in the proximity of a
left eye region of the imaging object image.
[0223] The feature points correspond to the feature
points described hereinabove with reference to FIG. 10.
[0224] A rotation process for fitting the template mask
image depicted in (1) to a region of an eye of the captured
image and a resize process are performed on the basis
of the feature points.
[0225] (3) of FIG. 12 depicts the rotation process, and
(4) depicts the resize process.
[0226] As depicted in (3) of FIG. 12, the rotation angle
of the template image is calculated on the basis of a line
of the feature points {17, 29}.
[0227] Further, as depicted in (4) of FIG. 12, the tem-
plate image in the region of the feature points {17, 23,
24, 25, 26, 27, 29} is resized so as to fit to the input image.
In the present example, resize to 0.9 times in the X di-
rection (horizontal direction) and 1.0 time in the Y direc-
tion (vertical direction) is performed.
[0228] By performing such processes as described
above, it is possible to generate an eye mask image fitted
to the region of an eye of the captured image utilizing the
template mask image depicted in (1).
[0229] FIG. 13 is a view illustrating an example of a
generation process of a nose mask image to which a
template image is applied.
[0230] For example, such a template mask image for
the application to a nose as depicted in (1) of FIG. 13 is
stored in the storage section 204 in advance.
[0231] The mask image generation section 213a se-
lects feature points in the proximity of a region of the nose
from among feature points in a captured image of an
imaging object inputted through the image inputting sec-
tion 201 as used feature points. The used feature points
in (2) of FIG. 13 are feature points in the proximity of a
left nose region of the imaging object image.
[0232] The feature points correspond to the feature
points described hereinabove with reference to FIG. 10.
[0233] A rotation process for fitting the template mask
image depicted in (1) to a region of the nose of the cap-
tured image and a resize process are performed on the
basis of the feature points.
[0234] (3) of FIG. 13 depicts the rotation process, and
(4) depicts the resize process.
[0235] As depicted in (3) of FIG. 13, the rotation angle
of the template image is calculated on the basis of a line
of the feature points {37, 46}.
[0236] Further, as depicted in (4) of FIG. 13, the tem-
plate image in the region of the feature points {28, 29,
30, 31, 40, 43} is resized so as to fit to the input image.
In the present example, resize to 0.7 times in the X di-
rection (horizontal direction) and 1.1 times in the Y direc-
tion (vertical direction) is performed.
[0237] By performing such processes as described
above, it is possible to generate a nose mask image fitted
to the region of the nose of the captured image utilizing
the template mask image depicted in (1).
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[0238] FIG. 14 is a view illustrating an example of a
generation process of a cheek mask image to which a
template image is applied.
[0239] For example, such a template mask image for
the application to a cheek as depicted in (1) of FIG. 14
is stored in the storage section 204 in advance.
[0240] The mask image generation section 213a se-
lects feature points in the proximity of a region of a cheek
from among feature points in a captured image of an
imaging object inputted through the image inputting sec-
tion 201 as used feature points. The used feature points
in (2) of FIG. 14 are feature points in the proximity of a
left cheek region of the imaging object image.
[0241] The feature points correspond to the feature
points described hereinabove with reference to FIG. 10.
[0242] A rotation process for fitting the template mask
image depicted in (1) to a region of the cheek of the cap-
tured image and a resize process are performed on the
basis of the feature points.
[0243] (3) of FIG. 14 depicts the rotation process, and
(4) depicts the resize process.
[0244] As depicted in (3) of FIG. 14, the rotation angle
of the template image is calculated on the basis of a line
of the feature points {17, 29}.
[0245] Further, as depicted in (4) of FIG. 14, the tem-
plate image in the region of the feature points {17, 29,
55} is resized so as to fit the input image. In the present
example, resize to 0.8 times in the X direction (horizontal
direction) and 1.0 time in the Y direction (vertical direc-
tion) is performed.
[0246] By performing such processes as described
above, it is possible to generate a cheek mask image
fitted to the region of the cheek of the captured image
utilizing the template mask image depicted in (1).
[0247] FIG. 15 is a view illustrating an example of a
generation process of a mouth peripheral area mask im-
age to which a template image is applied.
[0248] For example, such a template mask image for
the application to a mouth peripheral area as depicted in
(1) of FIG. 15 is stored in the storage section 204 in ad-
vance.
[0249] The mask image generation section 213a se-
lects feature points in the proximity of a region of a mouth
peripheral area from among feature points in a captured
image of an imaging object inputted through the image
inputting section 201 as used feature points. The used
feature points in (2) of FIG. 15 are feature points in the
proximity of a mouth peripheral area region of the imaging
object image.
[0250] The feature points correspond to the feature
points described hereinabove with reference to FIG. 10.
[0251] A rotation process for fitting the template mask
image depicted in (1) to a region of the mouth peripheral
area of the captured image and a resize process are per-
formed on the basis of the feature points.
[0252] (3) of FIG. 15 depicts the rotation process, and
(4) depicts the resize process.
[0253] As depicted in (3) of FIG. 15, the rotation angle

of the template image is calculated on the basis of a line
of the feature points {49, 55}.
[0254] Further, as depicted in (4) of FIG. 15, the tem-
plate image in the region of the feature points {9, 31, 49,
55} is resized so as to fit to the input image. In the present
example, resize to 1.3 times in the X direction (horizontal
direction) and 0.9 times in the Y direction (vertical direc-
tion) is performed.
[0255] By performing such processes as described
above, it is possible to generate a mouth peripheral area
mask image fitted to the region of the mouth peripheral
area of the captured image utilizing the template mask
image depicted in (1).
[0256] Also a mask image generation process that
does not use a template image is possible.
[0257] FIG. 16 is a view illustrating an example of a
process for generating a lip mask image without utilizing
a template image.
[0258] The mask image generation section 213a se-
lects feature points in the proximity of a region of the lips
from among feature points in a captured image of an
imaging object inputted through the image inputting sec-
tion 201 as used feature points. The used feature points
in (2) of FIG. 16 are feature points in the proximity of a
region of the lips of the imaging object image.
[0259] The feature points correspond to the feature
points described hereinabove with reference to FIG. 10.
[0260] A lip mask image is generated on the basis of
the feature points.
[0261] (3) of FIG. 16 depicts a generation process of
an upper lip mask image, and (4) depicts a generation
process of a lower lip mask image.
[0262] As depicted in (3) of FIG. 16, in the generation
process of an upper lip mask image, an upper lip mask
image is generated on the basis of the profile of the fea-
ture points {49, 50, 51, 52, 53, 54, 55, 65, 64, 63, 62, 61}.
[0263] Further, as depicted in (4) of FIG. 16, in the gen-
eration process of a lower lip mask image, a lower lip
mask image is generated on the basis of the profile of
the feature points {49, 60, 59, 58, 57, 56, 55, 65, 64, 63,
62, 61}.
[0264] By performing such processes as described
above, it is possible to generate a lip mask image fitted
to the region of the lips of the captured image without
utilizing the template mask image.
[0265] FIG. 17 is a view illustrating an example of a
process for generating a mouth inside area mask image
without utilizing a template image.
[0266] The mask image generation section 213a se-
lects feature points in the proximity of a region of a mouth
inside area from among feature points in a captured im-
age of an imaging object inputted through the image in-
putting section 201 as used feature points. The used fea-
ture points in (2) of FIG. 17 are feature points in the prox-
imity of a region of a mouth inside area of the imaging
object image.
[0267] The feature points correspond to the feature
points described hereinabove with reference to FIG. 10.
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[0268] A mouth inside area image is generated on the
basis of the feature points.
[0269] (3) of FIG. 17 depicts a generation process of
a mouth inside area lip mask image.
[0270] As depicted in (3) of FIG. 17, in the generation
process of a mouth inside area mask image, a mouth
inside area mask image is generated on the basis of the
profile of the feature points {61, 62, 63, 64, 65, 66, 67, 68}.
[0271] By performing such processes as described
above, it is possible to generate a mouth inside area mask
image fitted to the region of the mouth inside area of the
captured image without utilizing the template mask im-
age.
[0272] Also for the mask images of the other (1) face
mask, (2) hand mask, (3) hair mask, (4) clothes mask
and so forth, a mask image according to an imaging ob-
ject image can be generated utilizing or without utilizing
a template image.
[0273] In this manner, at step S104 of the flow depicted
in FIG. 9, the mask image generation process is execut-
ed, for example, by the processes described above.
[0274] Processes at step S105 and so forth of the flow
chart of FIG. 9 are described.

(Step S105)

[0275] At step S105, the mesh acquisition section 212a
sets a mesh to the 3D model corresponding to the cap-
tured image, and the mesh division section 212b exe-
cutes a mesh division process according to a mask im-
age.
[0276] As described hereinabove, the mesh is a polyg-
onal region of a triangle, a quadrangle or the like that is
a fine divisional region of a three-dimensional model.
[0277] By setting a material to this mesh, a drawing
process of a three-dimensional image, rendering, is per-
formed. In the case where a three-dimensional image is
to be drawn (rendered), it is necessary to set an optimum
material in a mesh unit.
[0278] For a mesh that becomes a component of a
three-dimensional model, three-dimensional model data
having reality can be generated by setting a material,
particularly, a texture or a shader, close to an actual ma-
terial type of the mesh.
[0279] A mesh can be acquired by applying a pre-
scribed algorithm utilizing a captured image inputted from
the transmission apparatus and three-dimensional mod-
el data of an imaging object stored into a database by
pre-processing described hereinabove with reference to
FIG. 4. It is to be noted that mesh setting is performed
preferably taking setting of a final CG effect applied three-
dimensional image to be generated by a rendering proc-
ess, for example, a setting condition of a light source
position or the like, into consideration.
[0280] At step S105, the mesh acquisition section 212a
first sets a mesh on the three-dimensional model corre-
sponding to the input captured image and the mesh di-
vision section 212b executes a mesh division process

according to the mask image generated at step S104.
[0281] The mask image includes various mask images
such as, for example, (1) the face mask to (8) the cheek
mask and so forth as described hereinabove with refer-
ence to FIG. 11. They are masks that are utilized in a
material application process for each portion.
[0282] However, regions of portions prescribed by a
mask image and segmentation regions prescribed by
meshes do not coincide with each other in many cases.
[0283] For example, such a situation occurs that one
mesh region that is one triangular region extending be-
tween a region that is not masked by the eye mask (=
material application region corresponding to the eyes)
and a region other than the eyes that are not masked
with the eye mask (= material non-application region cor-
responding to the eyes).
[0284] Since the material setting is executed in a mesh
unit, if such a mesh as described above exists, then a
setting process of the same material is performed for the
region of an eye and a region other than the eyes.
[0285] In order to prevent such a situation as just de-
scribed, it is necessary to perform new mesh setting such
that a mesh is re-divided in accordance with a mask im-
age to form a material application region that is not
masked by the mask image and a material non-applica-
tion region that is masked by the mask image.
[0286] This process is executed by the mesh division
section 212b.
[0287] In other words, a mesh division process accord-
ing to the mask image generated at step S104 is execut-
ed.

(Step S106)

[0288] Then at step S106, the model addition section
212c places the three-dimensional model stored in the
storage section (DB) 204 on the basis of the feature
amount information. For example, a process for placing
a corneal model in front of an eyeball or a like process
is executed.
[0289] Although a generation process of a three-di-
mensional image is executed basically as a process for
setting a material to a mesh, in regard to a specific portion
such as, for example, an eyeball, the reality can be in-
creased if a process for pasting a three-dimensional mod-
el prepared in advance is performed.
[0290] At step S106, such a three-dimensional model
addition process as just described is performed.
[0291] It is to be noted that the three-dimensional mod-
el is stored in the storage section (DB) 204 in advance.
For example, it is possible to utilize three-dimensional
model information received from the transmission appa-
ratus 110 in pre-processing.
[0292] For example, in the case where a process for
placing a corneal model in front of an eyeball, the gaze
direction is set by setting a model in which a white high-
light region is set in the black iris.
[0293] In order to set a highlight region to an appropri-
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ate position in the black iris, for example, it is preferable
to detect the gaze direction of a captured image received
from the transmission apparatus and determine a high-
light region setting position on the basis of the detected
gaze direction.
[0294] Further, it is preferable to set the light source
position forwardly of a face image such that a highlight
region in the black iris of a face image in a 3D image
generated by rendering and the light source position of
the displayed 3D image correspond to each other.

(Step S107)

[0295] Then at step S107, the texture map generation
section 213b generate a texture map (base color, shini-
ness, cavity, normal and so forth) necessary for each
material in accordance with an attribute analysis result
and the template database.
[0296] As described hereinabove, in the case where a
generation process of a three-dimensional image is to
be performed, to a mesh that is a component of the three-
dimensional image, a material close to an actual material
type of the mesh, particularly, a texture or a shader, is
set. By this material setting process, a three-dimensional
image having reality can be generated.
[0297] The texture is image data that can be generated
by synthesizing a plurality of texture maps having differ-
ent effects from each other.
[0298] As described hereinabove with reference to
FIG. 2, the texture map, for example, includes the follow-
ing types.

(1) Base color map
(2) Shininess map
(3) Normal map
(4) Cavity map
(5) Metallic map

(1) The base color map is color information that is a
basis (pattern).
(2) The shininess map is a texture map for controlling
the smoothness of a substance, and a place at which
the luminance is higher indicates a sharper specular
(specular reflection). The black (0, 0) indicates full
diffuse reflection, and the white (1, 0) indicates full
specular reflection.
In particular, the shininess map represents a degree
of gloss and can express a difference in shine, for
example, for each portion of the face.
(3) The normal map is a texture map that expresses
fine irregularities and can express fine irregularities
of the face such as wrinkles and a mole.
(4) The cavity map is used when it is intended to
suppress the intensity of the specular (specular re-
flection). For example, minute shadows such as
pores or stains can be generated.
(5) The metallic map is a texture map that is utilized
in the case where control of the degree of metal is

to performed, and the black (0, 0) corresponds to a
nonmetal and the white (1, 0) corresponds to a metal.
For example, if the metallic map is applied to a me-
tallic part, then a quality feeling of the metal can be
expressed.

[0299] In this manner, the texture is image data that
can be generated by synthesizing a plurality of texture
maps having individually different effects.
[0300] At step S107, a texture that is an element of a
material to be set to each mesh of a three-dimensional
image to be generated by rendering is determined.
[0301] For this texture determination process, the tem-
plate database 224 stored in the storage section (DB)
204 is utilized.
[0302] The template database 224 includes, as depict-
ed described hereinabove with reference to FIG. 7,
correspondence data of attribute information and mate-
rials.
[0303] The attribute information includes imaging ob-
ject attribute information and portion attribute informa-
tion.
[0304] The materials include texture maps.
[0305] The imaging object attribute information is at-
tribute information of a person who is an imaging object
such as, for example, the "sex," "age," "race" and "skin
type."
[0306] The portion attribute information is attribute in-
formation that is identification information of each portion
of the face of a person such as, for example, an eye, the
nose, an eyebrow, a cheek or the like.
[0307] Such attribute information as described above
is information that can be acquired at step S102. For
example, the attribute information can be acquired on
the basis of image data received from the transmission
apparatus 110 in the pre-processing described herein-
above with reference to FIG. 4 or the real-time processing
described hereinabove with reference to FIG. 5, or may
be acquired on the basis of user input information.
[0308] As depicted in FIG. 7, the template database is
correspondence data between attribute information and
materials.
[0309] In the case where the image processing section
203 of the image processing apparatus 200 performs a
process for generating a 3D image to which a CG effect
is applied by real-time processing, the image processing
section 203 can refer to the template database to imme-
diately acquire a material to be set to a portion of a person
such as an eye, the nose, a cheek or the like detected
from an imaging object image received from the trans-
mission apparatus 110, for example, from a captured im-
age of a person.
[0310] According to the configuration of the template
database 224 depicted in FIG. 7, a texture map is record-
ed as a material.
[0311] In particular, a setting of a texture map to be
applied in response to attribute information (imaging ob-
ject attributes and portion attributes) is recorded.
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[0312] In particular, texture maps to be applied corre-
sponding to the imaging object attributes and the portion
attributes such as

(a) setting of a texture map to be pasted to a mesh
in a region around an eye,
(b) setting of a texture map to be pasted to a mesh
in a region of the ridge of the nose,
(c) setting of a texture map to be pasted to a mesh
in a region of an eyebrow,
(d) setting of a texture map to be pasted to a mesh
in a region of a cheek,

of, for example, such imaging object attributes of a normal
skin of a 20 to 35 year old Caucasoid woman are record-
ed.
[0313] By utilizing this template database, it becomes
possible to perform optimum material setting of an imag-
ing object component unit (portion unit) in a short time in
a frame unit configuring an imaging object video trans-
mitted from the transmission apparatus 110, and 3D im-
age generation can be executed as real-time processing.
[0314] It is to be noted that, in the case where a process
utilizing the template database of the setting depicted in
FIG. 7 is to be performed, a texture is acquired from the
template database while, for a shader, a calculation proc-
ess is executed every time in a frame unit to perform a
determination process of a drawing color in a pixel unit
in a mesh.
[0315] As described hereinabove, the template data-
base 224 depicted in FIG. 8 has a texture map and a
shader recorded therein as a material.
[0316] If the template database of the setting depicted
in FIG. 8 is utilized, then it is possible to acquire also
information of a shader from the template database to-
gether with a texture, and it is possible to determine a
texture in a mesh in a frame unit and in an imaging object
component unit (portion unit) and a drawing color for each
pixel.
[0317] It is to be noted that, in the case where material
setting is to be performed utilizing the template database
depicted in FIG. 7 or 8, also it is possible to perform setting
change of the template database according to a taste of
a user.
[0318] For example, although also a configuration that
a material set as default data in advance is utilized as
the material to be set to a nose region is possible, also
it is possible to perform such a process as to change the
setting such that a material having a texture that empha-
sizes the ridge of the nose more is set.
[0319] Also it is possible to perform such a process as
to change the setting such that, as a material to be set
to a cheek, a material having a texture that looks smooth-
er skin type.

(Step S108)

[0320] At step S108, the rendering section 214 exe-

cutes rendering for applying a material to a 3D model.
[0321] In this process, at step S107, material setting
to a mesh of each portion, namely, pasting of a texture,
is performed utilizing the texture map corresponding to
the attribute information (imaging object attributes and
portion attributes) acquired from the template database
224. Further, a shader that is a determination algorithm
of a drawing color of a pixel unit is applied to perform a
determination process of a drawing color in a pixel unit.
[0322] It is to be noted that, in the case where the tem-
plate database 224 depicted in FIG. 8 is utilized, also
information of a shader can be acquired from the template
database together with the texture, and determination of
a texture in a mesh and a drawing color for each pixel
can be performed in an imaging object component unit
(portion unit) in a frame unit.

(Step S109)

[0323] Finally, at step S109, the display section 205
displays a rendering result generated at step S108.
[0324] It is to be noted that the processes at steps S101
to S109 are executed for each image frame inputted by
the image inputting section 201.
[0325] This processing is executed as real-time
processing, and for example, an image captured by the
transmission apparatus 110 side depicted in FIG. 5 is
displayed on the real-time basis as a three-dimensional
image to which a CG effect is applied on the reception
apparatus 120 side.
[0326] One of great elements that make this real-time
processing implementable is a template database.
[0327] In particular, by utilizing the template database
in which a texture map to be applied is registered corre-
sponding to an imaging object attribute and a portion at-
tribute, it becomes possible to perform optimum material
setting of an imaging object component unit (portion unit)
in a frame unit configuring an imaging object video trans-
mitted from the transmission apparatus 110, and 3D im-
age generation can be executed as real-time processing.

[5. Example of Processing in Which 3D Image for Which 
Customize Based on User Input Information Is Performed 
Is Produced]

[0328] Now, an example of processing in which a 3D
image for which customize based on user input informa-
tion is performed is produced is described.
[0329] The image processing apparatus 200 depicted
in FIG. 6 can input customize information of a three-di-
mensional image generated by rendering through the us-
er inputting section 202.
[0330] For example, decoration setting information of
the face, particularly, various kinds of setting information
such as settings of a color of a lip stick, a color of a blush,
an application region and an eyebrow, can be inputted
as customize information.
[0331] The image processing section 203 of the image
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processing apparatus 200 can perform rendering of a
three-dimensional image to be displayed on the display
section 205 utilizing the customize information inputted
through the user inputting section 202.
[0332] For example, such processes as setting the im-
age inputting section 201 as an imaging section, gener-
ating a 3D image in which makeup is performed for an
own face image captured by the imaging section and
displaying the 3D image on the display section 205 can
be performed.
[0333] In such a process as just described, a process
for generating and displaying not a 3D image in which
an imaging object is reproduced in reality but a 3D image
on which an effect of a beautiful skin in a photo booth or
a virtual makeup is reflected by applying a material for
implementing own ideal skin type of or makeup becomes
possible.
[0334] In the present working example, a process is
performed which utilizes a template database that is at-
tribute information-material correspondence data that
permits various customizes (modification, change).
[0335] An example of the template database applied
in the present working example is described with refer-
ence to FIG. 18.
[0336] As depicted in FIG. 18, the template database
224 is
correspondence data between customizable attribute in-
formation and materials that are information that can be
corrected and changed by the user.
[0337] The customizable attribute information includes
imaging object attribute information and portion attribute
information.
[0338] The customizable materials include texture
maps.
[0339] The imaging object attribute information is cus-
tomizable attribute information of a person who is an im-
aging object such as, for example, "sex," "age," "race,"
"skin type" and so forth.
[0340] The portion attribute information is customiza-
ble information that is identification information of each
portion of the human face such as, for example, an eye,
the nose, an eyebrow, a cheek or the like.
[0341] In the present working example, the corre-
spondence relation between the attribute information and
the materials can be set and changed on the basis of
user input information inputted from the user inputting
section 202.
[0342] In the case where the image processing section
203 of the image processing apparatus 200 performs a
process for generating a 3D image for which a CG effect
is performed by real-time processing, the image process-
ing section 203 can refer to the template database to
immediately acquire materials to be set to such portions
as the eyes, a nose and cheeks of the person detected
from a imaging object image received from the transmis-
sion apparatus 110, for example, a captured image of
the person.
[0343] In particular, by utilizing the template database,

optimum material setting of an imaging object component
unit (portion unit) can be performed in a short time in a
frame unit configuring an imaging object video inputted
through the image inputting section 201, and 3D image
generation can be executed as real-time processing.
[0344] It is to be noted that, in the configuration of the
template database 224 depicted in FIG. 18, only a texture
map is recorded as the material, but a shader is not re-
corded.
[0345] As described above, the shader is an algorithm
for calculating a drawing color for each pixel in a mesh.
In the case where a process utilizing the template data-
base of the setting depicted in FIG. 18 is to be performed,
a texture is acquired from the template database and, in
regard to the shader, a calculation process is performed
in a frame unit every time to perform a determination
process of a drawing color in a pixel unit in the mesh.
[0346] An example of a configuration of the template
database 204 having a different setting from that of the
template database 224 depicted in FIG. 18 is depicted
in FIG. 19.
[0347] The template database 224 depicted in FIG. 19
has texture maps and shaders recorded as materials
therein.
[0348] If the template database having the setting de-
picted in FIG. 19 is utilized, then also information of a
shader can be acquired from the template database to-
gether with a texture and a drawing color for each texture
and for each pixel in a mesh can be determined in a frame
unit and an imaging object component unit (portion unit).
[0349] In the present working example, a process uti-
lizing the template database in which various customiz-
able attribute information and materials are associated
with each other is performed.
[0350] In this manner, by utilizing the template data-
base in which various customizable attribute information
and materials are associated with each other, it is pos-
sible to generate and display not a 3D image in which an
imaging object is reproduced in reality but a 3D image
that allows application of such a material as implement
own ideal skin type or makeup and on which an effect of
virtual makeup is reflected.
[0351] A flow chart depicted in FIG. 20 is a flow chart
illustrating a processing sequence for performing render-
ing of a three-dimensional image to be displayed on the
display section 205 utilizing customize information input-
ted through the user inputting section 202.
[0352] In the following description, a particular exam-
ple of a three-dimensional image generation process on
which user input information to be executed by the image
processing apparatus 200 depicted in FIG. 6 (= reception
apparatus 120 of FIG. 5) is reflected is described in ac-
cordance with the flow chart.
[0353] It is to be noted that the processing according
to the flow chart depicted in FIG. 20 is executed under
the control of a data processing section including a con-
troller provided with a CPU having a program execution
function and so forth, for example, in accordance with a
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program stored in a storage section of an image process-
ing apparatus.
[0354] Processes at steps of the flow depicted in FIG.
20 are described successively.

(Step S201)

[0355] First, at step S201, customize information (CG
effect and so forth) desired by the user is acquired from
user input information inputted through the user inputting
section 202 of the image processing apparatus 200.

(Step S202)

[0356] Then, the image inputting section 201 of the im-
age processing apparatus 200 inputs a captured image
(texture) that becomes a generation source of a 3D im-
age.
[0357] It is to be noted that processes at steps S202
to S209 depicted in the flow chart are executed for each
image frame configuring a captured video of an imaging
object inputted from the image inputting section 201.
[0358] In particular, at final step S209, rendering of a
3D image to which a CG effect is applied in an input
image frame unit is performed.

(Steps S203 to S206)

[0359] Processes at next steps S203 to S206 are sim-
ilar to the processes at steps S103 to S106 described
hereinabove with reference to the flow chart depicted in
FIG. 9.
[0360] In particular, the processes described below are
executed.
[0361] At step S203, the characteristic extraction sec-
tion 211a sets segmentation regions corresponding to
portions of an imaging object (person) (eyes, nose,
mouth, eyebrows that are face organs, a skin region, a
body portion, hair, clothes and so forth) on the basis of
feature amounts of the captured image inputted at step
S202.
[0362] For example, a segmentation region corre-
sponding to portions (eyes, nose, mouth and eyebrows
that are face organs, a skin region, a body portion, hair,
clothes and so forth) is set on the basis of feature points
of the eyes, nose, mouth, eyebrows that are face organs
described hereinabove with reference to FIG. 10.
[0363] Then at step S204, the mask image generation
section 213a generates a mask image to be applied for
performing material setting in a segmentation region unit
based on the feature amounts.
[0364] For example, mask images corresponding to
various portions described hereinabove with reference
to FIG. 11 are generated.
[0365] Further, at step S205, the mesh acquisition sec-
tion 212a sets a mesh to a 3D model corresponding to a
captured image and the mesh division section 212b ex-
ecutes a mesh division process according to a mask im-

age.
[0366] As described above, the mesh is a polygonal
region such as a triangle or a quadrangle that is a fine
divisional region of a three-dimensional model.
[0367] By setting a material to the mesh, a drawing
process of a three-dimensional image, rendering, is per-
formed. In the case where drawing (rendering) of a three-
dimensional image is performed, it is necessary to set
an optimum material in a mesh unit.
[0368] By setting a material close to an actual material
type of the mesh, particularly by setting a texture or a
shader, to the mesh that is a component of the three-
dimensional model, three-dimensional model data hav-
ing reality can be generated.
[0369] At step S205, the mesh acquisition section 212a
first sets a mesh on the three-dimensional model corre-
sponding to the input captured image and the mesh di-
vision section 212b executes a mesh division process
according to the mask image generated at step S204.
[0370] Then at step S206, the model addition section
212c places the three-dimensional model stored in the
storage section (DB) 204 on the basis of feature amount
information. For example, a process for placing a corneal
model forwardly of an eyeball or the like is performed.
[0371] It is to be noted that the three-dimensional mod-
el is stored in advance in the storage section (DB) 204.

(Step S207)

[0372] Then at step S207, the texture map generation
section 213b generates a texture map (base color, shin-
iness, cavity, normal and so forth) necessary for each
material in accordance with the customizable template
database described with reference to FIGS. 18 and 19.
[0373] By utilizing the customizable template database
described with reference to FIGS. 18 and 19, optimum
material setting in a portion unit can be performed in a
short time in a frame unit configuring the imaging object
video inputted through the image inputting section 201
and 3D image generation can be executed as real-time
processing.
[0374] At step S207, a texture that is an element of a
material to be set to each mesh of the three-dimensional
image to be generated by rendering is determined.
[0375] The template database 224 stored in the stor-
age section (DB) 204, namely, correspondence data be-
tween the customizable attribute information and the ma-
terials, is utilized for the determination process of the
texture.
[0376] The user input information acquired at step
S201 can be applied to the customize information.
[0377] For example, in the configuration of the tem-
plate database 224 depicted in FIG. 18, a texture map is
recorded as a material.
[0378] In particular, setting of a texture map to be ap-
plied in response to customizable attribute information is
recorded.
[0379] In particular, for example, in the case where
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such customizable information as a normal skin of a 20
to 35 year old Caucasoid woman is applied, such texture
maps corresponding to the customized attribute informa-
tion as

(a) setting of a texture map to be pasted to a mesh
in a region around an eye,
(b) setting of a texture map to be pasted to a mesh
in a region of the ridge of the nose,
(c) setting of a texture map to be pasted to a mesh
in a region of an eyebrow,
(d) setting of a texture map to be pasted to a mesh
in a region of a cheek,
.....

are registered.
[0380] By utilizing this template database, it becomes
possible to perform optimum material setting of a portion
unit in a short time in a frame unit configuring an imaging
object video inputted from the image inputting section,
and 3D image generation can be executed as real-time
processing.
[0381] It is to be noted that, in the case where a process
utilizing the template database of the setting depicted in
FIG. 18 is to be performed, a texture is acquired from the
template database while, for a shader, a calculation proc-
ess is executed every time in a frame unit to perform a
determination process of a drawing color in a pixel unit
in a mesh.
[0382] As described hereinabove, the template data-
base 224 depicted in FIG. 19 has a texture map and a
shader recorded therein as a material.
[0383] If the template database of the setting depicted
in FIG. 19 is utilized, then it is possible to acquire also
information of a shader from the template database to-
gether with a texture, and it is possible to determine a
texture in a mesh in a frame unit and in a portion unit and
a drawing color for each pixel.

(Step S208)

[0384] At step S208, the rendering section 214 exe-
cutes rendering for applying a material to the 3D model.
[0385] In this process, material setting to a mesh of
each portion, namely, pasting of the texture, is performed
utilizing the texture map ready for the customized at-
tribute information acquired from the template database
224 at step S207. Further, the shader that is a determi-
nation algorithm of a drawing color of a pixel unit is applied
to perform a determination process of a drawing color in
a pixel unit.

(Step S209)

[0386] Finally, at step S209, a rendering result gener-
ated at step S208 is displayed by the display section 205.
[0387] It is to be noted that the processes at steps S201
to S209 are executed for each image frame inputted by

the image inputting section 201.
[0388] The processes are executed as real-time
processing.
[0389] One of great elements that make this real-time
processing implementable is a template database.
[0390] In particular, by utilizing the template database
in which a texture map ready for attribute information,
which can be modified or changed (customized) by var-
ious user requests, is registered, it becomes possible to
perform optimum material setting of an imaging object
component unit in a frame unit configuring an imaging
object video inputted from the image inputting section
201, and 3D image generation can be executed as real-
time processing.

[6. Example of Hardware Configuration of Image 
Processing Apparatus]

[0391] Now, an example of a hardware configuration
of the image processing apparatus 200 depicted in FIG.
6 and the transmission apparatus 110 and the reception
apparatus 120 depicted in FIGS. 3 to 5 is described with
reference to FIG. 21.
[0392] FIG. 21 depicts an example of a hardware con-
figuration of an image processing apparatus 300 that cor-
responds to the image processing apparatus 200 depict-
ed in FIG. 6 and the transmission apparatus 110 and the
reception apparatus 120 depicted in FIGS. 3 to 5.
[0393] The image processing apparatus 300 may par-
ticularly be an information processing apparatus such as,
for example, a PC (Personal computer), a tablet PC, a
smartphone or a tablet terminal.
[0394] In the figure, the image processing apparatus
100 includes a controller 301, a ROM (Read Only Mem-
ory) 302, a RAM (Random Access Memory) 303, an in-
put/output interface 305 and a bus 304 that connect them
to each other.
[0395] The controller 301 suitably accesses the RAM
303 and so forth as occasion demands and comprehen-
sively controls the entire blocks of the image processing
apparatus 300 while performing various arithmetic oper-
ation processes. The controller 301 may be a CPU (Cen-
tral Processing Unit), a GPU (Graphics Processing Unit)
or the like. The ROM 302 is a nonvolatile memory in which
firmware of an OS to be executed by the controller 301,
programs, various parameters and so forth are stored
fixedly. The RAM 303 is used as a working area or the
like of the controller 301 and temporarily retains the OS,
various applications being executed and various data
during processing.
[0396] To the input/output interface 305, an inputting
section 306, an outputting section 307, a storage section
308, a communication section 309, a drive 310 into which
a removable medium 311 can be loaded and so forth are
connected.
[0397] It is to be noted that the input/output interface
105 may be configured for connection not only to the
components described above but also to external periph-
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eral equipment through a USB (Universal Serial Bus) ter-
minal, an IEEE terminal or the like.
[0398] The inputting section 306 is an inputting section
including, for example, the image inputting section 201,
user inputting section 202 and so forth of the image
processing apparatus 200 depicted in FIG. 6. The imag-
ing inputting section can include, for example, an imaging
section or the like.
[0399] The inputting section 306, for example, includes
a pointing device such as a mouse, a keyboard, a touch
panel and other inputting devices.
[0400] The outputting section 307 includes the display
section 205 of the image processing apparatus 200 de-
picted in FIG. 6.
[0401] The storage section 308 corresponds to the
storage section (DB) 204 of the image processing appa-
ratus 200 depicted in FIG. 6. For example, the storage
section 308 is a nonvolatile memory such as, for example,
an HDD (Hard Disk Drive), a flash memory (SSD; Solid
State Drive) or a different solid-state memory. In the stor-
age section 308, an OS, various applications and various
data are stored. The storage section 308 is utilized also
as a storage area for an input image, image information,
generated output images and so forth.
[0402] The communication section 309 is an NIC (Net-
work Interface Card), for example, for the Ethernet (reg-
istered trademark) and performs communication
processing through the network.
[0403] The drive 310 is utilized for data recording and
reproduction processes utilizing the removable medium
311.
[0404] The removable medium 311 includes, for ex-
ample, a BD, a DVD, a CD, an HDD, a flash memory or
the like.

[7. Summary of Constitution of Present Disclosure]

[0405] The working example of the present disclosure
has been described in detail with reference to the specific
working example. However, it is self-evident that modifi-
cation or substitution of the working example can be
made by those skilled in the art without departing from
the subject matter of the present disclosure. In other
words, the present invention has been disclosed in the
form of exemplification and shall not be interpreted re-
strictively. In order to decide the subject matter of the
present disclosure, the claims should be taken into con-
sideration.
[0406] It is to be noted that the technology disclosed
in the present specification can assume such a configu-
ration as described below.

(1) An image processing apparatus including:

an image processing section configured to ex-
ecute a three-dimensional image generation
process based on an input image, in which
the image processing section refers to a tem-

plate database that includes correspondence
data between attribute information of an imaging
object of the input image and a material that is
a rendering element of a three-dimensional im-
age to select a material according to an imaging
object attribute and executes a generation proc-
ess of a three-dimensional image.

(2) The image processing apparatus according to
(1), in which
the input image includes moving image data, and
the image processing section executes a generation
process of a new three-dimensional image for each
image frame that configures the moving image data.
(3) The image processing apparatus according to (1)
or (2), in which
the input image includes moving image data, and
the image processing section updates setting of a
mesh that is a configuration unit of a three-dimen-
sional image and a material for each image frame
configuring the moving image data and executes a
generation process for a new three-dimensional im-
age.
(4) The image processing apparatus according to
any one of (1) to (3), in which
the template database includes a database in which
a material of a component unit of the imaging object
is recorded, and
the image processing section applies a mask image
of the component unit to acquire a material for each
component from the template database and exe-
cutes material setting for the component unit.
(5) The image processing apparatus according to
any one of (1) to (4), in which
the input image includes a face image of a person,
the template database includes a database in which
a material of a component unit of a face of a person
included in the input image is recorded, and
the image processing section applies a mask image
of the component unit of the face of the person in-
cluded in the input image to acquire a material for
each component from the template database and
executes material setting of the component unit of
the face.
(6) The image processing apparatus according to
any one of (1) to (5), in which
the template database includes a texture as the ma-
terial, and
the image processing section selects a texture ac-
cording to an imaging object attribute from the tem-
plate database and executes a generation process
of a three-dimensional image.
(7) The image processing apparatus according to
any one of (1) to (6), in which
the template database includes a texture and a shad-
er as the material, and
the image processing section selects a texture and
a shader according to an imaging object attribute
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from the template database and executes a gener-
ation process of a three-dimensional image.
(8) The image processing apparatus according to
any one of (1) to (7), in which
the image processing section

includes a feature amount extraction section
configured to extract a feature amount from the
input image,
identifies a component of the imaging object on
a basis of the feature amount extracted by the
feature amount extraction section, and
performs material setting in a unit of the identi-
fied component.

(9) The image processing apparatus according to
any one of (1) to (8), in which
the image processing section

includes a feature amount extraction section
configured to extract a feature amount from the
input image,
identifies a component of the imaging object on
a basis of the feature amount extracted by the
feature amount extraction section, and
performs a mask image generation process in
a unit of the identified component.

(10) The image processing apparatus according to
any one of (1) to (9), in which
the image processing section includes a mesh divi-
sion section configured to execute a division process
of a mesh that is a material setting unit in accordance
with a component of the imaging object.
(11) The image processing apparatus according to
any one of (1) to (10), in which
the attribute information of the imaging object in-
cludes at least one of a sex, an age, a race or a skin
type.
(12) The image processing apparatus according to
any one of (1) to (11), in which
the attribute information of the imaging object in-
cludes attribute information acquired by an analysis
process of the input image or attribute information
acquired by user inputting.
(13) The image processing apparatus according to
any one of (1) to (12), in which
the correspondence data between the attribute in-
formation and the material stored in the template da-
tabase includes data customizable by a user, and
the image processing apparatus is configured so as
to change the correspondence data between the at-
tribute information and the material in response to
input information inputted through a user inputting
section.
(14) The image processing apparatus according to
any one of (1) to (13), in which
the input image includes an image received through

a network.
(15) An image processing system including:

a transmission apparatus configured to transmit
an image; and
a reception apparatus configured to execute
processing for an input image from the trans-
mission apparatus to generate a three-dimen-
sional image and display the three-dimensional
image on a display section, in whihc
the image processing section of the reception
apparatus refers to a template database that in-
cludes correspondence data between attribute
information of an imaging object of the input im-
age and a material that is a rendering element
of a three-dimensional image to select a material
according to an imaging object attribute and ex-
ecutes a generation process of the three-dimen-
sional image.

(16) The image processing system according to (15),
in which
the image includes moving image data, and
the image processing section of the reception appa-
ratus updates setting of a mesh that is a configuration
unit of a three-dimensional image and a material for
each image frame configuring the moving image da-
ta and executes a generation process for a new
three-dimensional image.
(17) The image processing system according to (15)
or (16), in which
the template database includes a database in which
a material of a component unit of the imaging object
is recorded, and
the image processing section of the reception appa-
ratus applies a mask image of the component unit
to acquire a material for each component from the
template database and executes material setting for
the component unit.
(18) The image processing system according to any
one of (15) to (17), in which
the input image includes a face image of a person,
the template database includes a database in which
a material of a component unit of a face of a person
is recorded, and
the image processing section applies a mask image
of the component unit of the face of the person in-
cluded in the input image to acquire a material for
each component from the template database and
executes material setting of the component unit of
the face.
(19) An image processing method executed by an
image processing apparatus, in which
the image processing apparatus includes an image
processing section configured to execute a three-
dimensional image generation process based on an
input image, and
the image processing section refers to a template
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database that includes correspondence data be-
tween attribute information of an imaging object of
the input image and a material that is a rendering
element of a three-dimensional image to select a ma-
terial according to an imaging object attribute and
executes a generation process of a three-dimension-
al image.
(20) A program for causing an image processing ap-
paratus to execute image processing, in which
the image processing apparatus includes an image
processing section configured to execute a three-
dimensional image generation process based on an
input image, and
the program causes the image processing section
to refer to a template database that includes corre-
spondence data between attribute information of an
imaging object of the input image and a material that
is a rendering element of a three-dimensional image
to select a material according to an imaging object
attribute and execute a generation process of a
three-dimensional image.

[0407] Further, the series of processes described in
the specification can be executed by hardware, software
or by a composite configuration of them. In the case
where processing by software is executed, it is possible
to install a program in which a processing sequence is
recorded into a memory in a computer incorporated in
hardware for exclusive use so as to be executed or install
the program into a computer for universal use that can
execute various processes such that the program is ex-
ecuted. For example, the program can be recorded in a
recording medium in advance. In addition to installation
from a recording medium into a computer, it is possible
to receive the program through a network such as a LAN
(Local Area Network) or the Internet and install the pro-
gram into a built-in recording medium such as a hard disk.
[0408] It is to be noted that the various processes de-
scribed in the specification not only may be executed in
time series in accordance with the description but also
may be executed in parallel or individually in accordance
with the processing capacity of an apparatus that exe-
cutes the processes or as occasion demands. Further,
the system in the present specification is a logical set
composition of a plurality of apparatuses and is not limited
to a configuration in which component apparatuses are
in the same housing.

[Industrial Applicability]

[0409] As described above, according to the configu-
ration of the working example of the present disclosure,
an apparatus and a method are implemented which make
3D image generation based on an input image on the
real-time basis possible.
[0410] In particular, for example, processing for image
frames of an input image is executed to generate a three-
dimensional image. A template database that is corre-

spondence data between attribute information of an im-
aging object of an input image and materials that are
rendering elements of a three-dimensional image is re-
ferred to to select a material according to an imaging
object attribute to generate a three-dimensional image.
The template database has materials of component units
of the face of a person recorded therein, and the image
processing section applies a mask image for a compo-
nent unit of the face to acquire a material for each com-
ponent unit from the template database and executes
material setting in a component unit of the face.
[0411] By the present constitution, an apparatus and
a method are implemented which make 3D image gen-
eration based on an input image on the real-time basis
possible.

[Reference Signs List]

[0412]

110 Transmission apparatus

111 Image acquisition section

113 Three-dimensional model information genera-
tion section

114 Transmission information generation section

115 Communication section

120 Reception apparatus

121 Communication section

122 Image processing section

123 Database

124 Display section

200 Image processing apparatus

201 Image inputting section

202 User inputting section

203 Image processing section

204 Storage section

205 Display section

211 Image information analysis section

211a Feature amount extraction section

211b Attribute analysis section
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212 Mesh editing section

212a Mesh acquisition section

212b Mesh division section

212c Model addition section

213 Material application section

213a Mask image generation section

213b Texture map generation section

214 Rendering section

222 Mask image

223 Imaging object attribute information

224 Template database

301 Controller

302 ROM

303 RAM

304 Bus

305 Input/output interface

306 Inputting section

307 Outputting section

308 Storage section

309 Communication section

310 Drive

311 Removable medium

Claims

1. An image processing apparatus comprising:

an image processing section configured to ex-
ecute a three-dimensional image generation
process based on an input image, wherein
the image processing section refers to a tem-
plate database that includes correspondence
data between attribute information of an imaging
object of the input image and a material that is
a rendering element of a three-dimensional im-
age to select a material according to an imaging

object attribute and executes a generation proc-
ess of a three-dimensional image.

2. The image processing apparatus according to claim
1, wherein
the input image includes moving image data, and
the image processing section executes a generation
process of a new three-dimensional image for each
image frame that configures the moving image data.

3. The image processing apparatus according to claim
1, wherein
the input image includes moving image data, and
the image processing section updates setting of a
mesh that is a configuration unit of a three-dimen-
sional image and a material for each image frame
configuring the moving image data and executes a
generation process for a new three-dimensional im-
age.

4. The image processing apparatus according to claim
1, wherein
the template database includes a database in which
a material of a component unit of the imaging object
is recorded, and
the image processing section applies a mask image
of the component unit to acquire a material for each
component from the template database and exe-
cutes material setting for the component unit.

5. The image processing apparatus according to claim
1, wherein
the input image includes a face image of a person,
the template database includes a database in which
a material of a component unit of a face of a person
included in the input image is recorded, and
the image processing section applies a mask image
of the component unit of the face of the person in-
cluded in the input image to acquire a material for
each component from the template database and
executes material setting of the component unit of
the face.

6. The image processing apparatus according to claim
1, wherein
the template database includes a texture as the ma-
terial, and
the image processing section selects a texture ac-
cording to an imaging object attribute from the tem-
plate database and executes a generation process
of a three-dimensional image.

7. The image processing apparatus according to claim
1, wherein
the template database includes a texture and a shad-
er as the material, and
the image processing section selects a texture and
a shader according to an imaging object attribute
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from the template database and executes a gener-
ation process of a three-dimensional image.

8. The image processing apparatus according to claim
1, wherein
the image processing section

includes a feature amount extraction section
configured to extract a feature amount from the
input image,
identifies a component of the imaging object on
a basis of the feature amount extracted by the
feature amount extraction section, and
performs material setting in a unit of the identi-
fied component.

9. The image processing apparatus according to claim
1, wherein
the image processing section

includes a feature amount extraction section
configured to extract a feature amount from the
input image,
identifies a component of the imaging object on
a basis of the feature amount extracted by the
feature amount extraction section, and
performs a mask image generation process in
a unit of the identified component.

10. The image processing apparatus according to claim
1, wherein
the image processing section includes a mesh divi-
sion section configured to execute a division process
of a mesh that is a material setting unit in accordance
with a component of the imaging object.

11. The image processing apparatus according to claim
1, wherein
the attribute information of the imaging object in-
cludes at least one of a sex, an age, a race or a skin
type.

12. The image processing apparatus according to claim
1, wherein
the attribute information of the imaging object in-
cludes attribute information acquired by an analysis
process of the input image or attribute information
acquired by user inputting.

13. The image processing apparatus according to claim
1, wherein
the correspondence data between the attribute in-
formation and the material stored in the template da-
tabase includes data customizable by a user, and
the image processing apparatus is configured so as
to change the correspondence data between the at-
tribute information and the material in response to
input information inputted through a user inputting

section.

14. The image processing apparatus according to claim
1, wherein
the input image includes an image received through
a network.

15. An image processing system comprising:

a transmission apparatus configured to transmit
an image; and
a reception apparatus configured to execute
processing for an input image from the trans-
mission apparatus to generate a three-dimen-
sional image and display the three-dimensional
image on a display section, wherein
the image processing section of the reception
apparatus refers to a template database that in-
cludes correspondence data between attribute
information of an imaging object of the input im-
age and a material that is a rendering element
of a three-dimensional image to select a material
according to an imaging object attribute and ex-
ecutes a generation process of the three-dimen-
sional image.

16. The image processing system according to claim 15,
wherein
the image includes moving image data, and
the image processing section of the reception appa-
ratus updates setting of a mesh that is a configuration
unit of a three-dimensional image and a material for
each image frame configuring the moving image da-
ta and executes a generation process for a new
three-dimensional image.

17. The image processing system according to claim 15,
wherein
the template database includes a database in which
a material of a component unit of the imaging object
is recorded, and
the image processing section of the reception appa-
ratus applies a mask image of the component unit
to acquire a material for each component from the
template database and executes material setting for
the component unit.

18. The image processing system according to claim 15,
wherein
the input image includes a face image of a person,
the template database includes a database in which
a material of a component unit of a face of a person
is recorded, and
the image processing section applies a mask image
of the component unit of the face of the person in-
cluded in the input image to acquire a material for
each component from the template database and
executes material setting of the component unit of
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the face.

19. An image processing method executed by an image
processing apparatus, wherein
the image processing apparatus includes an image
processing section configured to execute a three-
dimensional image generation process based on an
input image, and
the image processing section refers to a template
database that includes correspondence data be-
tween attribute information of an imaging object of
the input image and a material that is a rendering
element of a three-dimensional image to select a ma-
terial according to an imaging object attribute and
executes a generation process of a three-dimension-
al image.

20. A program for causing an image processing appa-
ratus to execute image processing, wherein
the image processing apparatus includes an image
processing section configured to execute a three-
dimensional image generation process based on an
input image, and
the program causes the image processing section
to refer to a template database that includes corre-
spondence data between attribute information of an
imaging object of the input image and a material that
is a rendering element of a three-dimensional image
to select a material according to an imaging object
attribute and execute a generation process of a
three-dimensional image.
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