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FACE IMAGE PROCESSING SYSTEM, FACE
IMAGE PROCESSING METHOD, AND FACE
IMAGE PROCESSING PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to a face image
processing system, a face image processing method and a
face image processing program which receive an input of
face image information, performs image processing on the
face image information and outputs the face image infor-
mation.

BACKGROUND ART

[0002] There is a known face image synthesizing device
which receives an input of face image information indicating
a face image of a person, performs image processing on this
face image information and outputs the face image pro-
cessed to look differently from an actual face image (see, for
example, Patent Literature 1). This face image synthesizing
device performs, for example, the image processing as
follows.

[0003] The face image synthesizing device detects flecks
or wrinkles from face images of a plurality of people,
generates age shape features corresponding to ages or an age
group, and creates a fleck model or a wrinkle model corre-
sponding to the age or the age group from the flecks or the
wrinkles of a plurality of people. On the other hand, a face
shape without a fleck or a wrinkle is extracted from a face
image of a subject, and this face shape is deformed based on
the age shape features.

[0004] Furthermore, the fleck model or the wrinkle model
corresponding to the age or the age group designated among
the fleck model or the wrinkle model is deformed to match
with a deformed face shape, and this deformed fleck model
or wrinkle model is applied to the face image of the subject.
According to this processing, it is possible to manipulate an
age to a face shape corresponding to an age or an age group
to which the face shape of the subject is designated, and
manipulate the age of the face image of the subject to a
natural face image corresponding to a desired age or age

group.
CITATION LIST

Patent Literature

[0005] Patent Literature 1: JP 4682373 B2
SUMMARY OF INVENTION
Technical Problem
[0006] However, the face image synthesizing device

according to the above conventional technique synthesizes a
face image by applying the age shape feature, the fleck
model or the wrinkle model created based on the face images
of a plurality of people to the face shape without flecks and
wrinkles extracted from the face image of the subject.
Therefore, an ideal natural face image purely pursued by the
subject is hardly provided.

[0007] The present invention has been made in light of the
above situation. An object of the present invention is to
provide a face image processing system, a face image
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processing method and a face image processing program
which can freely generate a more natural face image which
is ideal for a subject.

Solution to Problem

[0008] A face image processing system according to the
present invention includes: a component extracting means
which receives an input of face image information indicating
a face image, and extracts a wrinkle component, a fleck
component and a pore component of the face image from the
face image information; a removal rate adjusting means
which adjusts a removal rate of each of the wrinkle com-
ponent, the fleck component and the pore component
extracted by the component extracting means; a storage
means which stores the removal rate; a synthesizing means
which synthesizes the wrinkle component, the fleck com-
ponent and the pore component which are amplified or
attenuated at the removal rate adjusted by the removal rate
adjusting means, and generates a face image; and an output
means which outputs the face image information synthe-
sized by the synthesizing means.

[0009] According to one embodiment of the present inven-
tion, the face image processing system further includes a
face region extracting means which extracts the face image
indicating a face region from which at least one of an eye
region, a nose region and a mouth region of an input face
image included in inputted image information has been
removed.

[0010] According to another embodiment of the present
invention, the component extracting means includes a filter
means which divides the face image information indicating
the inputted face image into a first component, a second
component, a third component, a fourth component and a
fifth component in an amplitude-frequency space, and
extracts the fourth component, and a component recognizing
means which recognizes the wrinkle component, the fleck
component and the pore component in the face image based
on the fourth component extracted by the filter means, and
distinguishes an appearance position and a shape of each
component in the face image.

[0011] According to a still another embodiment of the
present invention, the removal rate adjusting means adjusts
the removal rate of each of the components in the face image
by weighting the wrinkle component, the fleck component
and the pore component.

[0012] According to a still another embodiment of the
present invention, the synthesizing means synthesizes the
fourth component corresponding to the wrinkle component,
the fleck component and the pore component based on the
removal rate stored in the storage means, and the first
component, the second component, the third component and
the fifth component divided by the filter means. Alterna-
tively, the synthesizing means can synthesize the wrinkle
component, the fleck component and the pore component
based on the removal rate stored in the storage means, and
the inputted face image information (input face image
information x(n)).

[0013] According to a still another embodiment of the
present invention, the face image processing system further
includes, at a subsequent stage of the synthesizing means, a
face color processing means that includes: a skin color
extracting means which extracts a skin color region of which
at least one of a luminance and color information of the face
image information is in a predetermined range; and a shade
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adjusting means which changes a shade of a skin color in the
skin color region extracted by the skin color extracting
means.

[0014] According to a still another embodiment of the
present invention, a plurality of the face image information
outputted from the output means is generated, the output
means displays a plurality of candidate face images based on
the plurality of generated face image information, on a
display screen of a display means, the face image processing
system further includes an input means which accepts one of
a selection instruction of a desired candidate face image
designated by a user and a determination instruction of a
final candidate face image from the plurality of displayed
candidate face images, and a computing means which, when
the input means accepts the selection instruction of the
candidate face image, sets a parameter of each processing of
the component extracting means, the removal rate adjusting
means and the face color processing means based on the face
image information indicating the selected candidate face
image by interactive evolutionary computation by perform-
ing crossover processing and mutation processing based on
a genetic algorithm, and the component extracting means,
the removal rate adjusting means and the face color pro-
cessing means repeatedly generate the face image informa-
tion based on the parameter set by the computing means
until the input means accepts the determination instruction
of the candidate face image.

[0015] According to a still another embodiment of the
present invention, when the input means accepts the deter-
mination instruction of the candidate face image, the storage
means stores as a reference parameter the parameter for
generating the face image information indicating a deter-
mined candidate face image.

[0016] A face image processing method according to the
present invention is a face image processing method of a
face image processing system including: a component
extracting means; a removal rate adjusting means; a storage
means; a synthesizing means; and an output means, and
comprises: extracting a wrinkle component, a fleck compo-
nent and a pore component of a face image from face image
information indicating an inputted face image by the com-
ponent extracting means; adjusting a removal rate of each of
the extracted wrinkle component, fleck component and pore
component by the removal rate adjusting means; storing the
removal rate by the storage means; synthesizing the wrinkle
component, the fleck component and the pore component
which are amplified or attenuated at the removal rate
adjusted in the step of adjusting the removal rate, and
generating the face image by the synthesizing means; and
outputting the synthesized face image information by the
output means.

[0017] A face image processing program according to the
present invention is a face image processing program which
causes a face image processing system including a computer
including a component extracting means, a removal rate
adjusting means, a storage means, a synthesizing means, and
an output means to execute face image processing, and
causes the computer to execute: a step of causing the
component extracting means to extract a wrinkle compo-
nent, a fleck component and a pore component of a face
image from face image information indicating the face
image inputted; a step of causing the removal rate adjusting
means to adjust a removal rate of each of the extracted
wrinkle component, fleck component and pore component;
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a step of causing the storage means to store the removal rate;
a step of causing the synthesizing means to synthesize the
wrinkle component, the fleck component and the pore com-
ponent which are amplified or attenuated at the removal rate
adjusted in the step of adjusting the removal rate, and
generate the face image; and a step of causing the output
means to output the synthesized face image information.

Advantageous Effects of Invention

[0018] According to the present invention, it is possible to
freely generate a more natural face image which is ideal for
a subject.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 is a block diagram illustrating an entire
configuration of a face image processing system according
to a first embodiment of the present invention.

[0020] FIG. 2 is a block diagram illustrating a configura-
tion of a computing means of the face image processing
system.

[0021] FIG. 3 is a block diagram illustrating an internal
configuration of a face image processing unit of the face
image processing system.

[0022] FIG. 4 is a view illustrating an example of a
non-linear function of the face image processing unit of the
face image processing system.

[0023] FIG. 5 is a view illustrating a division example of
an amplitude-frequency space by an E-filter and a linear low
bandpass filter of the face image processing unit of the face
image processing system.

[0024] FIG. 6 is a view illustrating a configuration of an
E-filter bank of the face image processing unit of the face
image processing system.

[0025] FIG. 7 is a view illustrating a division example of
each component of face image information in the amplitude-
frequency space by the E-filter bank of the face image
processing unit of the face image processing system.
[0026] FIG. 8 is a view illustrating an example of a face
image prior to face image processing indicated by the face
image information inputted to the face image processing unit
of the face image processing system.

[0027] FIG. 9 is a view for explaining a method for
recognizing and distinguishing a wrinkle component, a fleck
component and a pore component by a component recog-
nizing unit of the face image processing unit of the face
image processing system.

[0028] FIG. 10 is a view illustrating a face image dis-
played by extracting each component distinguished by the
component recognizing unit of the face image processing
unit of the face image processing system.

[0029] FIG. 11 is a view illustrating a display state of a
candidate face image displayed on a display screen of the
face image processing system.

[0030] FIG. 12 is a flowchart illustrating an image pro-
cessing procedure of a face image processing method
according to a second embodiment of the present invention.
[0031] FIG. 13 is a flowchart illustrating part of process-
ing contents of the image processing procedure of the face
image processing method.

[0032] FIG. 14 is a block diagram illustrating an entire
configuration of a face image processing system according
to a third embodiment of the present invention.
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[0033] FIG. 15 is a block diagram illustrating an internal
configuration of a face color processing unit of the face
image processing system.

[0034] FIG. 16 is a flowchart illustrating the image pro-
cessing procedure of the face image processing system.

DESCRIPTION OF EMBODIMENTS

[0035] A face image processing system, a face image
processing method and a face image processing program
according to embodiments of the present invention will be
described in detail below with reference to the accompany-
ing drawings. In addition, the following embodiments do not
limit the invention according to each claim, all combinations
of features described in the embodiments are not necessarily
indispensable for a solution of the invention, and most
modifications can be achieved by one of ordinary skilled in
the art within a range of a technical idea.

[0036] FIG. 1 is a block diagram illustrating an entire
configuration of a face image processing system according
to a first embodiment of the present invention. Furthermore,
FIG. 2 is a block diagram illustrating a configuration of a
computing means of this face image processing system.
Furthermore, FIG. 3 is a block diagram illustrating an
internal configuration of a face image processing unit of this
face image processing system, and FIG. 4 is a view illus-
trating an example of a non-linear function of this face
image processing unit.

[0037] As illustrated in FIG. 1, the face image processing
system according to the first embodiment is realized on a
computing means 2 which is hardware such as a computer
or a workstation. Furthermore, the face image processing
system includes an input means 1, an output means 3 and a
storage means 4. The input means 1 includes input devices
such as a keyboard including a plurality of operation keys
used to input numerical values, characters or operations such
as various instructions, a mouse, a touch panel and a remote
controller, and an image input device such as a digital
camera or a scanner which obtains and inputs image infor-
mation.

[0038] The output means 3 includes an image output
device such as a display which displays various pieces of
information and a face image based on face image informa-
tion on a display screen, and an image printing device which
prints and outputs the face image based on the face image
information to media. The storage means 4 includes a
storage device and a storage medium such as a RAM, a
ROM, an SSD, a magnetic disk drive, an optical disk drive
and a memory card which store various pieces of informa-
tion and parameters.

[0039] Meanwhile, as illustrated in FIG. 2, the computing
means 2 can function as a face region extracting unit 5 which
extracts a face image (referred to as a “face region image”
below) indicating a face region from which at least one
(referred to as an “exclusion region” below) of an eye
region, a nose (or nostril) region and a mouth region is
excluded from, for example, an input face image indicating
a face image (referred to as a “subject face image” below)
of a subject (user) included in inputted input face image
information x(n). Furthermore, the computing means 2 can
function as a face image processing unit 10 which receives
an input of the input face image, and this face region image
or an exclusion region image (image data) indicating an
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exclusion region, and performs various types of image
processing based on the input face image and the exclusion
region image.

[0040] First, the face region extracting unit 5 recognizes
the subject face image of the subject included in this face
image from the input face image of the input face image
information x(n). The input face image information x(n)
includes, for example, an image format such as BMP, JPEG,
GIF, PNG and RAW. For example, an outline detection filter
such as a Laplacian filter can be used to recognize a subject
face image.

[0041] Next, the face region extracting unit 5 recognizes
the exclusion regions of the input face image indicating the
recognized subject face image by a known face portion
feature extraction method, and extracts a face region image
from which the exclusion regions are excluded. In addition,
all of the eye regions, the nose region and the mouth region
are exclusion regions in the present embodiment. Although
these exclusion regions can be extracted as wrinkle, fleck
and pore components, this is because a face image process-
ing load is reduced by excluding the input face image in
advance. In addition, the exclusion regions can be arbitrarily
set in addition to the above exclusion regions. Furthermore,
the face region extracting unit 5 outputs, for example, the
face region image and an exclusion region image to the face
image processing unit 10.

[0042] In addition, the face region extracting unit 5 is not
an indispensable component for the face image processing
system, and therefore can be also omitted. In this regard, in
a case where the face region extracting unit 5 is omitted, a
processing task related to a face image in the face image
processing unit 10 at a subsequent stage increases, and a
load increases in some cases. Furthermore, even when the
face region extracting unit 5 excludes the exclusion region,
the face image processing unit 10 may process the face
region image and the exclusion region image as illustrated in
FIGS. 2 and 3.

[0043] As illustrated in FIG. 3, the face image processing
unit 10 includes a component extracting unit 16 which
extracts a wrinkle component, a fleck component and a pore
component of a subject face image based on the inputted
input face image and the face region image (and the exclu-
sion region image) from the face region extracting unit 5.
Furthermore, the face image processing unit 10 includes a
component adjusting unit 13 which includes removal rate
adjusting units 13a, 136 and 13¢ which adjust each removal
rate of the wrinkle component, the fleck component and the
pore component extracted by this component extracting unit
16.

[0044] Furthermore, the face image processing unit 10
includes a synthesizing unit 14 which generates a face image
(referred to as an “output face image” below) which is
obtained by synthesizing the wrinkle component, the fleck
component and the pore component amplified or attenuated
at the removal rate adjusted by each of the removal rate
adjusting units 13a to 13¢ of the component adjusting unit
13 with an input face image, structural components of the
input face image, predetermined components of the input
face image, a face region image or an exclusion region
image, and outputs the face image.

[0045] In addition, the removal rate of each of the removal
rate adjusting units 13a to 13¢ of the component adjusting
unit 13 is selected or designated by a subject via the input
means 1, and is stored in the storage means 4. This removal
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rate indicates a rate of an expression (addition or removal)
of'each component in an amplification direction as a positive
value or each component in an attenuation direction as a
negative value. Furthermore, output face image information
y(n) indicating an output face image synthesized by the
synthesizing unit 14 is outputted by the output means 3.
[0046] The component extracting unit 16 of the face image
processing unit 10 includes an e-filter bank Alle and an
e-filter bank B115 (which will be collectively referred to as
an “e-filter bank 11” below unless otherwise stated) which
are filter means which divide the inputted input face image
information (x(n)) into predetermined components in the
amplitude-frequency space to extract, and a component
recognizing unit A12¢ and a component recognizing unit
B12b (which will be referred to as a “component recogniz-
ing unit 12” below unless otherwise stated) which distin-
guish and recognize the wrinkle component, the fleck com-
ponent and the pore component of the subject face image
based on the predetermined components extracted by this
e-filter bank 11.

[0047] The e-filter bank 11 functions as the filter means,
and, more specifically, divides the input face image infor-
mation x(n) into, for example, a first component (y1(z)) and
a second component (y2(z)) indicating structural compo-
nents of the face image, and a third component (y3(»)), a
fourth component (y4(z)) and a fifth component (y5())
indicating predetermined components of a skin of the face
image in the amplitude-frequency space.

[0048] Furthermore, in the present embodiment, the e-fil-
ter bank 11 extracts the fourth component to output to the
component recognizing unit 12, and outputs the first com-
ponent, the second component, the third component and the
fifth component to the synthesizing unit 14. The component
recognizing unit 12 recognizes the wrinkle component, the
fleck component and the pore component in the subject face
image based on the extracted and inputted fourth compo-
nent, and distinguishes an appearance position and a shape
of each of these components in the subject face image.
[0049] More specifically, the e-filter bank Alla extracts
the fourth component from the input face image information
x(n) to output to the component recognizing unit A12a. The
component recognizing unit Al12a receives an input of the
fourth component and the face region image, recognizes and
distinguishes the wrinkle component as described above,
and outputs this wrinkle component. Furthermore, the e-fil-
ter bank B116 further extracts the fourth component
obtained by subtracting the wrinkle component from the
component recognizing unit A12a from the input face image
information x(n) inputted to an adder/subtractor 6 to output
to the component recognizing unit B124. The component
recognizing unit B12b receives an input of the fourth
component and the face region image, recognizes and dis-
tinguishes the fleck component and the pore component as
described above, and outputs these fleck component and
pore component.

[0050] Furthermore, the removal rate adjusting unit 13a of
the component adjusting unit 13 at a subsequent stage
weights the wrinkle component outputted from the compo-
nent recognizing unit A12a, and adjusts the removal rate of
the wrinkle component in the face image. Furthermore, the
removal rate adjusting unit 135 weights the fleck component
outputted from the component recognizing unit B125, and
adjusts the removal rate of the fleck component in the face
image. Furthermore, the removal rate adjusting unit 13¢
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weights the pore component outputted from the component
recognizing unit B125, and adjusts the removal rate of the
pore component in the face image. In addition, the weighting
is an example of a removal rate adjusting method, and
therefore is not limited to this. Furthermore, each removal
rate adjusted by the component adjusting unit 13 is stored in
the storage means 4.

[0051] Furthermore, the synthesizing unit 14 receives an
input of the first and second components (y1(n), y2(n)), the
third component (y3(r)) and the fifth component (y5(»))
which are structural components of the face image outputted
from the e-filter bank 11, and/or the input face image
information x(n), and receives an input of the wrinkle
component, the fleck component and the pore component
adjusted to be amplified or attenuated at the removal rate by
each of the removal rate adjusting units 13a to 13¢ of the
component adjusting unit 13 based on the removal rate
stored in the storage means 4. Thus, the synthesizing unit 14
can add (synthesize) the inputted first, second, third and fifth
components and/or the input face image information x(n),
and the wrinkle component, the fleck component and the
pore component, and adds (synthesizes), for example, the
exclusion region image which has been excluded or the face
region image extracted by the face region extracting unit 5
to generate an output face image, and outputs the output face
image information y(n) indicating this face image.

[0052] Inaddition, the e-filter bank 11 is more specifically
composed by an e-separation type non-linear filter bank.
Furthermore, the filter means is composed by a filter bank
which uses various non-linear filters in addition to the
e-filter bank 11. In this regard, a principal of the e-filter bank
used by the e-filter bank 11 will be described first.

[0053] The face image processing unit 10 of the face
image processing system according to the present embodi-
ment uses, for example, input face image information input-
ted at a time point of n as an input signal x(n) and output face
image information to be outputted as an output signal y(n)
first. Furthermore, an e-filter is realized by introducing a
non-linear function F to a non-recursive low bandpass filter
given by following equation (1), and is given by following
equation (2).

[Mathematical 1]
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[Mathematical 2]
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[0054] In this regard, in above equations (1) and (2), a,
represents a non-recursive low bandpass filter coefficient of
which total sum is 1, F represents a non-linear function as
illustrated in FIG. 4, and an absolute value of F is limited to
a certain value or less. In this case, a difference between the
input signal x(n) and the output signal y(n) is limited to a
certain value &' or less as in equation (3) below.
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[0055] Furthermore, in this case, when all a, in particular
are positive, e'=¢ holds. When additive high frequency noise
of a sufficiently small amplitude is included in an input
signal, if € is set to approximately an amplitude peak/peak
value of noise, this noise is smoothed by the low bandpass
filter expressed by above equation (1). Furthermore, the
output signal is within the input signal e, so that it is
possible to cancel noise while keeping a significant ampli-
tude change.

[0056] FIG. 5 is a view illustrating a division example of
an amplitude-frequency space by the e-filter and the linear
low bandpass filter of the face image processing unit of the
face image processing system. As illustrated in FIG. 5, this
e-filter can obtain a low frequency component or a large
amplitude component as an input of the output signal y(n),
and obtain a small amplitude high frequency component
equal to or less than an amplitude & as x(n)-y(n).

[0057] Hence, when x(n)-y(n) is expressed as u(n), this
e-filter divides this amplitude-frequency space with respect
to the input signal x(n) as illustrated in FIG. 5(a). In
addition, a normal linear low bandpass filter corresponds to
a filter which divides this amplitude-frequency space as
illustrated in FIG. 5(b).

[0058] FIG. 6 is a view illustrating a configuration of the
e-filter bank of the face image processing unit of the face
image processing system. A combination of the above e-fil-
ters in a filter bank shape makes it possible to divide this
input signal x(n) into a plurality of regions according to an
amplitude-frequency. In this regard, as illustrated in FIG. 6,
the e-filter bank 11 (11a and 115) adopts a structure which
is a combination of a linear low bandpass filter and a e-filter.
[0059] In this e-filter bank 11, L illustrated in FIG. 6
represents a linear low bandpass filter, and E1, E2 and E3
represent e-filters. Each of these filters is a two-dimensional
filter or a combination of horizontal/vertical direction one-
dimensional filters, and n represents a pixel position (i, j) on
a two-dimensional plane.

[0060] In addition, a total sum of output signals y1(n),
y2(n), y3(n), y4(z) and y5(n) can be equal to the input signal
x(n), and window sizes of a linear low bandpass filter L and
the e-filter E2 can be equally w0, and window sizes of the
e-filters E1 and E3 can be also equally wl. Furthermore, a
value & of each of the e-filters E1, E2 and E3 (which are €1,
€2 and €3 in order) can have a relationship of e1>e2>¢3.
[0061] FIG. 7 is a view illustrating a division example of
each component of face image information in the amplitude-
frequency space by the e-filter bank of the face image
processing unit of the face image processing system. Fur-
thermore, FIG. 8 is a view illustrating an example of a face
image prior to face image processing indicated by the face
image information inputted to the face image processing unit
of the face image processing system.

[0062] In addition, covered both eye portions in images
are displayed in face images subsequent to FIG. 8. However,
the both eye portions may be actually displayed, and a state
including all portions of the above exclusion region are
displayed in illustrated examples. The e-filter bank 11 con-
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figured as described above divides the amplitude-frequency
space of the input signal x(n) into each region illustrated in
FIG. 7, for example.

[0063] Furthermore, main portions such as the eyes, the
nose, the mouth and the eyebrows (i.e., the eye region, the
nose region and the mouth region) in face image information
indicating an input face image 30 as illustrated in FIG. 8 are
known to be generally indicated as large amplitude signals.
Furthermore, a face base (structure) portion (e.g., cheeks) is
expressed as a low frequency signal.

[0064] Furthermore, portions such as a wrinkle (a fine
wrinkle in particular) portion and a fleck portion of the face
skin which become a factor for undermining a beautiful
outlook of skin are expressed as a signal of a relatively small
amplitude and a high frequency. Furthermore, a pore com-
ponent which is natural recesses and protrusions of the face
skin is expressed as a high frequency signal of a small
amplitude. Hence, the e-filter bank 11 of the face image
processing unit 10 of the face image processing system
according to the present embodiment divides the input signal
x(n) in the amplitude-frequency space illustrated in FIG. 7,
for example.

[0065] That is, the e-filter bank 11 divides the input signal
x(n) into the first component y1(») and the second compo-
nent y2(n) indicating the structural components of the face
image, and the third component y3(#), the fourth component
y4(n) and the fifth component y5(») indicating the prede-
termined components of the skin of the face image.

[0066] Then, the fourth component y4(z) indicating the
predetermined component of the skin of the face image is
extracted. In addition, it is possible to construct (generate) a
wrinkle component extracted display face image which can
be displayed by extracting a wrinkle component of the skin
from the original input face image 30 at, for example, a stage
after the e-filter bank Alla, for example, based on the
extracted fourth component y4(xz). Furthermore, it is pos-
sible to construct (generate) face image information indi-
cating a fleck component extracted display face image and
apore component extracted display face image which can be
displayed by extracting a fleck component and a pore
component of the skin respectively from the original input
face image 30 at a stage after the e-filter bank B1164.

[0067] More specifically, the e-filter bank 11 illustrated in
FIG. 6 sets the window sizes w0 and w1 of the linear low
bandpass filter L. and the e-filters E1, E2 and E3, and the
values €1, €2 and €3 of the e-filters E1, E2 and E3 to
appropriate values. Then, as illustrated in FIG. 7, the first
and second components y1(z) and y2(»z) can be set to the
face main portions and base (structure) portion, and the third
component y3(n), the fourth component y4(») and the fifth
component y5(z) can be set to the predetermined compo-
nents of the skin.

[0068] In this regard, the window size w0 divides fre-
quency bands of the third component y3(») and the first
component y1(n), the window size w1l divides frequency
bands of the third component y3(#) and the fifth component
y5(n). Furthermore, a value €1 of & of the e-filter E1 is
approximately a maximum value of the amplitude (peak-
peak) of the fourth component y4(r), a value 2 of & of the
e-filter E2 is approximately a maximum value of the ampli-
tude (peak-peak) of the third component y3(»), and a value
€3 of & of the e-filter E3 is approximately a maximum value
of the amplitude (peak-peak) of the fifth component y5(z).
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[0069] The e-filter bank Alla configured as described
above divides the first and second components y1(») and
y2(n) indicating the main portions and base (structure)
portion of the face image from the input signal x(n) as
described above to input to the synthesizing unit 14. Fur-
thermore, the e-filter bank Alla divides the third, fourth and
fifth components y3(n), y4 (#) and y5 (») indicating the
predetermined components of the skin of the face image
from the input signal x(n) to extract the fourth component
y4(n) and input the fourth component y4(#») to the compo-
nent recognizing unit A12a of the component extracting unit
16, and input the third and fifth components y3(») and y5(»)
to the synthesizing unit 14.

[0070] Furthermore, the e-filter bank B115 divides the first
to fifth components y1(#) to y5(z) of the face image from the
input signal x(n) obtained by subtracting the wrinkle com-
ponent from the input face image by the adder/subtractor 6
as described above to input the first, second, third and fifth
components y1(n), y2(n), y3(r) and y5(») to the synthesiz-
ing unit 14, and extract the fourth component y4(») and
input the fourth component y4() to the component recog-
nizing unit B125 of the component extracting unit 16.

[0071] The component recognizing unit Al12q first recog-
nizes the wrinkle component in the face image based on the
inputted fourth component y4(z). Next, the component
recognizing unit B125 recognizes the fleck component and
the pore component in the face image based on the inputted
fourth component y4(z).

[0072] That is, the component recognizing unit 12 scans
all pixels of the face image constituted by, for example, the
fourth component y4(n) and the face region image, and
recognizes each of these components as a black portion of
which luminance value is minus. Furthermore, the portion
recognized as each component is classified into the pore
component, the fleck component and the wrinkle component
by an area of a pixel mass (pixel group) which is a mass of
a number of pixels of each portion, and a dispersion distri-
bution of pixels, and an appearance position and a shape of
each of these components in the face image are distin-
guished.

[0073] FIG. 9 is a view for explaining a method for
recognizing and distinguishing a wrinkle component, a fleck
component and a pore component by the component recog-
nizing unit of the face image processing unit of the face
image processing system. As illustrated in FIG. 9, for
example, the pore component and the fleck component are
distinguished based on the area of the pixel group. That is,
when the pore component and the wrinkle component
among each component recognized as the black portion are
compared, a relatively small area of the pixel group as
illustrated in FIG. 9 is distinguished as the pore component,
and a relatively large area of the pixel group as illustrated in
FIG. 9 is distinguished as a fleck component.

[0074] On the other hand, for example, the fleck compo-
nent and the wrinkle component are distinguished based on
a magnitude of the dispersion distribution from a center
point of the pixel group. That is, when the fleck component
and the wrinkle component among each component recog-
nized as the black portion are compared, the small dispersion
distribution from a center point P2 of the pixel group is
distinguished as the fleck component, and the large disper-
sion distribution from a center point P1 of the pixel group is
distinguished as the wrinkle component.
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[0075] In addition, the portion distinguished as the fleck
component may be further compared with a predetermined
threshold or the like, and then may be divided into, for
example, a large fleck component and a small fleck com-
ponent. The appearance position and the shape of each
component in the face image are automatically recognized
during distinction. The extracted display face image dis-
played by extracting each component recognized and dis-
tinguished in this way is as follows.

[0076] FIG. 10 is a view illustrating a face image dis-
played by extracting each component distinguished by the
component recognizing unit of the face image processing
unit of the face image processing system. When the face
image displayed by extracting each component by the com-
ponent recognizing unit 12 is displayed on a display screen
of a display which is, for example, one component of the
output means 3, each face image is displayed as follows.
[0077] That is, a wrinkle component extracted display face
image 30a which is a “wrinkle image” displayed by extract-
ing the wrinkle component is as illustrated in FIG. 10(a).
Furthermore, a pore component extracted display face image
305 which is a “pore image” displayed by extracting the pore
component is as illustrated in FIG. 10(54). Furthermore, a
fleck component extracted display face image 30¢ which is
a “fleck image” displayed by extracting the fleck component
is as illustrated in FIG. 10(c).

[0078] In addition, although not illustrated, as a method
for improving precision of recognition and distinction of
each of the above components, the face image processing
system according to the present embodiment can adopt a
following method. First, parameters of the e-filter bank Alla
and the e-filter bank B11s are differed, and the fourth
component y4(n) extracted by the e-filter bank B11b
includes a lower frequency. Furthermore, the component
recognizing unit A12a¢ and the component recognizing unit
B125 perform following processing.

[0079] That is, the component recognizing unit A12a first
(1) sets pixels of which fourth component y4(») is a prede-
termined threshold TH, or less to black, and sets other pixels
to white in a processing target region of the face region
image. Next, (2) the mass of the black pixels are labeled.
Furthermore, (3) the number of pixels which is the mass of
a label L is n;, and a spatial dispersion is v,. Lastly, when
v /1, is larger than a predetermined threshold TH,, a signal
of the fourth component y4(») corresponding to the label L
is recognized as the wrinkle component, and the appearance
position and the shape are distinguished to extract the
wrinkle component. Consequently, it is possible to generate
the wrinkle component extracted display face image
obtained by completely extracting the wrinkle component
from the input face image.

[0080] Furthermore, it is possible to generate the wrinkle
component removed display face image by subtracting from
the input face image information x(n) the face image from
which the wrinkle component has been extracted, and then
the wrinkle component removed display face image is
inputted to the e-filter bank B11b, and analyzed again.
Subsequently, the component recognizing unit B125 (1) sets
pixels of which fourth component y4(z) is a predetermined
threshold TH; or less to black, and other pixels to white in
the processing target region of the face region image. Next,
(2) the mass of the black pixels are labeled. Furthermore, (3)
the number of pixels which is the mass of the label L is n,,
and a spatial dispersion is v;.
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[0081] Furthermore, (4-1) when n; is larger than a prede-
termined threshold TH, and v,/n; is smaller than a prede-
termined threshold TH,, a signal of the fourth component
y4(n) corresponding to the label L is recognized as the fleck
component, and the appearance position and the shape are
distinguished to extract the fleck component. Consequently,
it is possible to generate the fleck component extracted
display face image obtained by completely extracting the
fleck component from the input face image. Furthermore, it
is possible to generate the fleck component removed display
face image by subtracting from the input face image infor-
mation x(n) the face image from which the fleck component
has been extracted.

[0082] On the other hand, (4-2) when n; is equal to or
more than 1 and smaller than a predetermined threshold TH
and v;/n, is smaller than a predetermined threshold TH,, a
signal of the fourth component y4(r) corresponding to the
label L is recognized as the pore component, and the
appearance position and the shape are distinguished to
extract the pore component. Consequently, it is possible to
generate the pore component extracted display face image
obtained by completely extracting the pore component from
the input face image. Furthermore, it is possible to generate
the pore component removed display face image by sub-
tracting from the input face image information x(n) the face
image from which the pore component has been extracted.

[0083] Thus, by performing processing of extracting the
wrinkle component first and then extracting the fleck com-
ponent and the pore component, it is possible to further
improve recognition and distinction precision of each com-
ponent, and generate each of the extracted display face
images 30a to 30c¢ displayed by more precisely extracting
component. In this regard, the above recognition/extraction
order of the wrinkle component, the fleck component and the
pore component is exemplary, and therefore the recognition/
extraction order of each component can be optionally
changed.

[0084] Thus, the wrinkle component, the fleck component
and the pore component recognized and distinguished as the
components in the face image by the component recognizing
unit 12 are outputted to the component adjusting unit 13, and
are weighted by each of the removal rate adjusting units 13«
to 13¢, so that the removal rates in the face image are
respectively adjusted. The component adjusting unit 13
adjusts the removal rate of each component optionally or at
random, for example, and stores this removal rate in the
storage means 4.

[0085] Furthermore, the wrinkle component, the fleck
component and the pore component of which removal rates
have been adjusted are inputted to the synthesizing unit 14,
and this synthesizing unit 14 synthesizes the wrinkle com-
ponent, the fleck component and the pore component which
are amplified or attenuated at the removal rate of each
component, with the input face image information x(n) or
the first, second, third and fifth components. Thus, a plurality
of candidate face images which expresses (removes or adds)
each component of the wrinkle component, the fleck com-
ponent and the pore component at the removal rate option-
ally or at random is finally generated. In addition, a plurality
of candidate face images generated first after face image
processing starts can be displayed as, for example, first
generation candidate face images on the display screen of
the display.
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[0086] FIG. 11 is a view illustrating a display state of a
candidate face image displayed on a display screen of the
face image processing system. As illustrated in FIG. 11, a
plurality of (10 in this case) first generation candidate face
images 31, 32, 33, 34, 35, 36, 37, 38, 39 and 40 which
expresses each of wrinkle, fleck and pore components at
random is displayed in a window frame 20 on the display
screen. Furthermore, a panel display unit 20« is displayed at
a right end portion of the window frame 20. This panel
display unit 20a includes, for example, OK buttons 21 and
22, selection message display fields 23a and 234, a candi-
date face image number display field 25 and back buttons 26
and 27. Numbers 1 to 10 associated with the candidate face
images 31 to 40 are displayed in the candidate face image
number display field 25. Furthermore, a text message
“Select 3 images from 10 images” is displayed in the
selection message display field 23a. Furthermore, a text
message “Determine final candidate?” is displayed in the
selection message display field 235.

[0087] In addition, the candidate face image selected by a
selection frame 24 or the candidate face image number
display field 25 by a user by using one component of the
input means 1 such as the keyboard or the mouse and so on
is displayed while being surrounded by the selection frame
24, for example, and a corresponding candidate face image
number is encircled and displayed in the candidate face
image number display field 25. That is, the user selects the
candidate image by moving and selecting the selection
frame 24 using the mouse etc. or by selecting the candidate
face image number in the candidate face image number
display field 25. FIG. 11 illustrates an example of a state
where the user selects three of the candidate face images 33,
38 and 39 by the selection frame 24 and the candidate face
image number display field 25. When the OK button 21 is
selected and pushed in this state, the three candidate face
images are selected. On the other hand, when the OK button
22 is selected and pushed in a state where the one final
selection face image is selected by the selection frame 24 or
the like, the final candidate face image is selected and
determined. In addition, the back buttons 26 and 27 are
selected and pushed to return to a previous screen or
previous processing.

[0088] Furthermore, when the OK button 21 is selected
and pushed to select the candidate face image, the next
generation candidate face image is generated based on the
candidate face images 33, 38 and 39 selected by the user. In
addition, in this case, parameters of the above removal rates
used for each processing such as component extraction
processing of the component extracting unit 16 and removal
rate adjustment processing of the component adjusting unit
13, and various parameters such as the window sizes w0 and
w1 and the values €1, €2 and &3 of E can be set to optimal
values by, for example, interactive evolutionary computa-
tion (IEC) which uses a known genetic algorithm (GA).
[0089] In this regard, the setting of the optimal values is
not limited to interactive evolutionary computation which
uses the genetic algorithm, and may be set by other various
computation methods. In this regard, crossover processing
and mutation processing based on the interactive evolution-
ary computation which uses the known genetic algorithm
will be briefly described.

[0090] IEC which uses the GA in the face image process-
ing system according to the present embodiment first
assumes that, for example, the parameters of the above
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removal rates, the window sizes w0 and w1, the values €1,
€2 and €3 of & and the other various parameters are joined
and expressed as binary digits. Furthermore, the joined
digits are one chromosome, and this chromosome represents
one individual.

[0091] Next, the GA is applied to the individual expressed
in this way. First, according to the crossover processing, for
example, two images of the three selected candidate face
images 33, 38 and 39 are crossed over at random a plurality
of times (twice in this case) to eventually generate a plurality
of (four in this case) crossed-over candidate face images.
Thus, the crossed-over candidate face images obtained by
crossing tastes (preferences) of the respective images are
generated. In addition, the crossed-over candidate face
images are the second generation (next generation) in the
present embodiment.

[0092] Next, according to the mutation processing, to
prepare 10 candidate face images displayed in the window
frame 20 from the three candidate face images 33, 38 and 39
selected as described above and the four candidate face
images generated by the crossover processing, one point in
a gene sequence of each of the three candidate face images
selected at random is changed to generate three mutated
candidate face images.

[0093] In addition, the mutation processing is necessary to
meet a following request, too. That is, when only the
crossover processing is performed without the mutation
processing, and only resulting candidate face images are
displayed in the window frame 20, if there is no face image
matching the user’s taste (preference) among the first gen-
eration candidate face images 31 to 40, genetic crossover
occurs with a combination of face images which are not
user’s preference in the second generation. In this case, there
is a failure that face images close to the user’s taste cannot
be selected. Hence, to prevent this failure, the mutation
processing also needs to be performed together with the
crossover processing.

[0094] Furthermore, a plurality of candidate face images
generated after the crossover processing and the mutation
processing is displayed as the second generation (next
generation) candidate face images together with the three
candidate face images 33, 38 and 39 selected from the first
generation (previous generation) in the window frame 20 on
the display screen of the display which is one component of
the output means 3.

[0095] Thus, by selecting the one candidate face image by,
for example, the selection frame 24 and selecting and
pushing the OK button 22 below the selection message
display field 235 after the second generation candidate face
images are displayed, the user can determine a final candi-
date. Furthermore, when the user selects the three candidate
face images again from the second generation candidate face
images as described above, and selects and pushes the OK
button 21 below the selection message display field 23a,
next generation candidate face images are further generated
and displayed. Thus, when the user determines one candi-
date face image matching the user’s taste among the candi-
date face images displayed in the window frame 20 on the
display screen, this determined candidate face image is an
output face image to be finally outputted.

[0096] In addition, in this case, the one candidate face
image finally determined by the user may be displayed
together with the removal rate of each of the wrinkle, fleck
and pore components in another window frame on the
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display screen, for example. In this case, various parameters
for generating face image information indicating the finally
determined candidate face image are stored as user reference
parameters together with the removal rate of each compo-
nent in the storage means 4. On the other hand, when the
user does not determine one candidate face image matching
the user’s taste, a plurality of candidate face images is
repeatedly generated as third generation and fourth genera-
tion as described above until the candidate face image is
finally determined.

[0097] Thus, the face image processing system according
to the first embodiment can adjust the removal rates of the
wrinkle component, the fleck component and the pore com-
ponent included in a face image of the user by the face image
processing, and generate the face image. Consequently, it is
possible to freely generate a more natural face image which
is ideal for the user.

[0098] In addition, a method for utilizing the face image
processing system according to the present embodiment is,
for example, as follows. That is, for example, the face image
processing system is introduced to a cosmetics store. Fur-
thermore, face image information indicating a non-makeup
face image of a user visiting the cosmetics store is inputted
to the face image processing system.

[0099] Subsequently, for example, (1) the face image
processing unit 10 generates a face image to which a user’s
favorite foundation is applied, compares these face images
and evaluates a concealer effect of the foundation of each
component of a wrinkle component, a fleck component and
a pore component. Alternatively, (2) the face image process-
ing unit 10 generates face images to which different foun-
dations have been applied, and evaluates a concealer effect
or concealer performance of each component resulting from
a difference in these foundations.

[0100] Furthermore, (3) a change in the concealer effect or
the concealer performance of each component accompanied
by a change over time in the face image to which the
foundation has been applied is checked, and makeup dura-
bility over time is evaluated. Furthermore, (4) new makeup
products (makeup products such as foundations, BB (Blem-
ish Balm) and concealers etc.) are developed based on these
evaluation results, and face image information and the
reference parameter accompanied by the evaluation results
and so on.

[0101] Furthermore, in addition to the foundations and the
like, (5) wrinkle, fleck and pore and so forth amelioration
effects etc. of various skincare products are evaluated. Thus,
the face image processing system can be effectively utilized
for (1) to (5), for example. Next, an image processing
procedure of the face image processing method carried out
by the face image processing system will be described.
[0102] FIG. 12 is a flowchart illustrating the image pro-
cessing procedure of the face image processing method
according to a second embodiment of the present invention.
Furthermore, FIG. 13 is a flowchart illustrating part of
processing contents of the image processing procedure of
this face image processing method. In addition, portions and
components which are the same as or correspond to the
above-described portions and components will be assigned
the same reference numerals and will not be described
below.

[0103] The face image processing method according to the
present embodiment is realized by installing a face image
processing program prepared in advance in a computer
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(computing means 2) of a face image processing system and
causing the computer to execute the face image processing
program. In addition, this computer is realized by a general
configuration including a main body which includes various
computing devices and storage devices (storage means 4)
such as a CPU, a RAM, a ROM, an HDD and an SSD, a
display (output means 3) which displays various information
on a display screen, and an input device (input means 1) such
as an input interface (input I/F) which inputs accepted
information to the CPU, a keyboard and a mouse and so on.
Hereinafter, a processing subject is a computer unless oth-
erwise stated.

[0104] Asillustrated in FIG. 12, image information (image
data) of an input face image including a subject face image
of'a user illustrated in FIG. 8 is first inputted via an input I/F
(step S100). Furthermore, a computer performs above face
region extraction processing based on the inputted image
information (step S101A). Thus, the face image information
indicating the face region image from which an exclusion
region has been excluded is generated. In addition, when a
face region is not extracted, the face region extraction
processing in this step S101A is omitted.

[0105] Next, the computer performs above component
extraction recognition processing (step S101B) and compo-
nent removal rate adjustment processing (step S101C),
generates a plurality of initial (first generation) candidate
face images (step S102), and displays these candidate face
images on a display (step S104).

[0106] In this regard, M sets of a removal rate of each of
the above components, various parameter values such as
parameters of w0, w1, 1, €2 and £3 and numerical values
are created at random for the initial candidate face images,
and one processing image is obtained per set of the various
parameters and the numerical values, so that M output
images (candidate face images) can be eventually generated
and obtained. By displaying the output images on the
display, the user can visually check M candidate face images
of different removal rates of a wrinkle component, a fleck
component and a pore component.

[0107] When, for example, a final face image of the most
subjectively desirable wrinkle, fleck and pore display states
for the user is not found among a plurality of candidate face
images displayed in this way, the user uses an input device
such as a mouse to select a candidate face image displayed
by a selection frame 24 or the like in a window frame 20 and
make a selection instruction of S desired candidate face
images.

[0108] Hence, the computer decides whether or not the
final face image is determined based on information from
the input device (step S106). When accepting the determi-
nation instruction of the final face image and determining
the face image to output (Yes in step S106), the computer
determines various parameters including the removal rates
and data parameters for generating face image information
indicating this face image in the computer (step S108), and
stores these determined parameters as reference parameters
in a storage device (step S109). Furthermore, the computer
outputs the face image information indicating the final face
image (step S110), and finishes a series of face image
processing of this flowchart.

[0109] In addition, an output of the face image informa-
tion in above step S110 includes various output modes for
outputting image data to another computer, outputting image
data to display on the display and outputting image data to
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print onto sheets of paper. Furthermore, by storing the above
various parameters and reference parameters in the storage
device in association with the face image information indi-
cating the final face image, it is possible to output these
parameters, too, together with the face image information
indicating the final face image.

[0110] On the other hand, when the final face image is not
determined in above step S106 (No in step S106), IEC which
uses a GA is performed (step S120) to generate a plurality
of next generation candidate face images. Subsequently,
various parameters of a plurality of generated candidate face
images are temporarily stored in the storage device (step
S130), the next generation candidate face images are gen-
erated (step S132), and the flow moves to above step S104
to display the next generation candidate face images and
repeat subsequent processing.

[0111] In this regard, the IEC in above step S120 is
performed as illustrated in FIG. 13, for example. That is, in
a case where the final face image is not determined in above
step S106, the user has already made a selection instruction
of a desired candidate face image, and therefore the com-
puter accepts selection of the candidate face image desig-
nated by the user (step S122). Furthermore, crossover pro-
cessing (step S124) and mutation processing (step S126) are
performed based on various parameter values and numerical
values applied to the accepted candidate face image.
[0112] That is, according to the IEC which uses the GA,
the computer joins again the various parameter values, i.e.,
the removal rate of each component, the window sizes w0
and w1 and the values of €1, €2 and &3 of & applied to the
face image information indicating S candidate face images
(e.g., No in step S106 and S122) selected by the user from,
for example, M initial (previous generation) candidate face
images (step S104) displayed on the display as described
above to regard as a chromosome of a binary digit notation.
[0113] Thus, the above crossover processing (step S124) is
performed on the S selected individuals to generate new T1
individuals. Furthermore, when the mutation processing
(step S126) is performed on the S selected individuals and
the T1 generated individuals to generate new T2 individuals.
These T1 and T2 individuals are next (next generation)
candidate face images. In addition, S+T1+T2 is a value
equal to, for example, M.

[0114] The various parameter values, the window sizes w0
and w1 and the values €1, €2 and €3 of ¢ indicated by the
S+T1+T2 individuals obtained by these crossover process-
ing and mutation processing are used to generate face image
information indicating candidate face images. That is, the
S+T1+T2 face images (candidate face images) can be out-
putted in this way.

[0115] The S+T1+T2 candidate face images obtained in
this way are displayed on the display again (step S104 after
steps S130 and S132), the most subjectively desirable face
image for the user is determined as a final face image if there
is this face image, and the user is caused to select the S
desired face images again if there is not this face image.
[0116] Subsequently, the computer performs the crossover
processing and the mutation processing again based on the
S individuals. This processing is repeated until the final face
image which satisfies the user is determined (Yes in step
S106). By performing the face image processing in this way,
it is possible to generate a more natural face image of which
display state of the wrinkle component, the fleck component
and the pore component is close to a user’s preference, i.e.,
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which is ideal for the user. Furthermore, it is possible to
effectively use face image information indicating the gen-
erated face image together with various parameter values,
numerical values and reference parameters for various
fields.

[0117] FIG. 14 is a block diagram illustrating an entire
configuration of a face image processing system according
to a third embodiment of the present invention, and FIG. 15
is a block diagram illustrating an internal configuration of a
face color processing unit of this face image processing
system. Furthermore, FIG. 16 is a flowchart illustrating an
image processing procedure of the face image processing
system. The face image processing system according to the
third embodiment includes the face color processing unit 15
in part of the above configuration of the face image pro-
cessing unit 10, which is different from the face image
processing system according to the first embodiment
employing a configuration where a face image processing
unit 10 does not include a face color processing unit 15.

[0118] As illustrated in FIG. 14, the face color processing
unit 15 is provided at a stage subsequent to a synthesizing
unit 14. As illustrated in FIG. 15, this face color processing
unit 15 employs a configuration including, for example, a
skin color extracting unit 154 which extracts from an output
face image a skin color region of which at least one of a
luminance and color information of face image information
indicating the output face image from the synthesizing unit
14 is in a predetermined range, and a shade adjusting unit
155 which changes a shade of the skin color in the extracted
skin color region.

[0119] In this regard, color information includes, for
example, RGB value, CMYK value, CIELAB (L*a*b*)
values, a Munsell display value, CIEXYZ values, a density
value obtained by a filter, a spectral image, a spectral
reflection waveform, a reflection transmittance, an infrared
wavelength, an ultraviolet wavelength or an x-ray wave-
length and so on. For example, in an L*a*b* color system,
L* represents a luminosity, and a*b* can be also used for a
hue and a saturation to represent a color tone.

[0120] In addition, the face color processing unit 15 uses
a plurality of preset patterns of which at least one of a
luminance and color information stored in advance in a
storage means 4 is in a predetermined range, and various
parameter values. Each of these present patterns and various
parameter values may be stored in the face color processing
unit 15.

[0121] Each preset pattern may be classified per race,
gender, living environment (a latitude, an altitude and an
area), season or time and so on and set in advance. Further-
more, the skin color extracting unit 15a extracts a skin color
region of which at least one parameter value of the lumi-
nance and the color information is in the predetermined
range designated by a preset pattern, based on, for example,
the preset pattern designated by the user. In addition, the skin
color extracting unit 15a¢ extracts, for example, the skin
color region of an entire face region of an inputted output
face image.

[0122] Furthermore, the shade adjusting unit 156 changes
the color information in the skin color region such as the hue
and the luminance of each pixel extracted by the skin color
extracting unit 15a by using following equations (4) and (5).
In addition, variables X and Y in the equations can take
values of 0=X<16 and 0=<Y<16, respectively.
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[Mathematical 4]

Hue:H, ., [(1[/1=H ul{1[1+X-5 )
[0123] (H[{] [j] represents hue value of pixel position [i]
liD

[Mathematical 5]

Luminance:L,.,[7] [/|=Lli ] [/* ((¥-7)*0.02+1) )

[0124] (L[i] [j] represents luminance value of pixel posi-
tion [il [il)

[0125] That is, as illustrated in FIG. 15, the shade adjust-
ing unit 156 expands, for example, the color information of
RGB of the skin color region from the skin color extracting
unit 15a to an HLS (HSL) color space, and changes the hue
(H) by above equation (4) from h,,, to h,,.,,. Furthermore,
the luminance (L) is changed by above equation (5) from
L.z to L,.,. Furthermore, these changed hue (H) and
luminance (L) are synthesized with an unchanged saturation
(S) to convert into the color information of RGB of the skin
color region, generate an output face image including the
color information of RGB of the skin color region of the
adjusted shade, and output face image information y(n).
[0126] In addition, although the shade adjusting unit 155
can adjust the shade without using above equations (4) and
(5), the color changes at random in this case, and therefore
a case where a skin color of a skin color region becomes an
undesirable skin color is confirmed and therefore is not
suitable. Data of the face color and parameter values of each
processing in the face color processing unit 15 can be
occasionally stored in the storage means 4 and used for face
color processing.

[0127] The output face image information y(n) indicating
the output face image in which the skin color has been
changed in the skin color region in this way is outputted to
an unillustrated output means 3 in a case illustrated in FIG.
14. In addition, for a change in the skin color generated and
displayed as a candidate face image, a final candidate may
be determined by IEC which uses the GA, for example. In
this case, the skin color of the candidate face image finally
determined by the user as an ideal face color is stored as face
color data together with the various parameter values for
determining the skin color in the storage means 4.

[0128] The image processing procedure of the face image
processing system according to this third embodiment is as
illustrated in FIG. 16, for example. That is, in the image
processing procedure according to the above second
embodiment, the above face color processing unit 15 per-
forms face color processing (step S101D) at a stage subse-
quent to removal rate adjustment processing in step S101C.
Thus, it is possible to generate candidate face images
obtained by changing a face color (the skin color in the skin
color region) at a time of generation of initial candidate face
images (step S102), and display the candidate face images in
next step S104.

[0129] Thus, the face image processing system according
to third embodiment can not only adjust the removal rate of
each component of wrinkle, fleck and pore components by
face image processing, but also adjust a face color and
generate a face image, so that it is possible to freely generate
and output a more natural face image which is ideal for the
user. In addition, the face image processing system accord-
ing to the present embodiment may operate by using pro-
cessing of the face color processing unit 15 as a mainstream.
That is, the face image processing system may not perform
processing related to the wrinkle component, the fleck
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component and the pore component according to the first
embodiment, and generate candidate face images showing
various changes in a skin color.

[0130] When specialized in face color processing, the face
image processing system according to the present embodi-
ment can be utilized to (1) obtain various parameter values
and face color data from face image information indicating
an output face image of a face color which is ideal of the user
at, for example, a cosmetics store, and search and provide a
foundation matching these parameter values and face color
data. Furthermore, by using these various parameter values
and face color data, the user can, for example, (2) directly
search and purchase cosmetics matching a user’s taste on the
Internet without counseling and so forth with a staff at a
cosmetics store.

[0131] Furthermore, the face image processing system
according to the third embodiment is configured to utilize
above (1) and (2) and be able to use all functions, for
example, and, consequently, can function as a face beauti-
fying system which can generate and output a face image
obtained by idealizing each component of the wrinkle com-
ponent, the fleck component and the pore component and a
luminance and color information of the skin color of the
user.

[0132] By, for example, making this face beautifying
system mutually available on the Internet, it is possible to
propose various cosmetics matching user’s ideal face of
adjusted face colors, wrinkles, flecks and pores to various
users such as users living in regions in which the above
counseling is not available, users of different languages, and
users having difficulty in speaking.

[0133] Furthermore, by using various parameter values
and data, a foundation which makes up an ideal user’s face
can be outputted by a 3D printer, and these items of data can
be also used to make completely made-to-order cosmetics,
and can be applied to a 3D makeup device which actually
applies a makeup to a user’s face based on a generated ideal
face image.

[0134] In addition, the face image processing method
described in the second embodiment can be realized not only
when a computer executes the above face image processing
program prepared in advance, and but also when the com-
puter reads and executes the face image processing program
recorded in a computer-readable recording medium such as
an HD, a CD-ROM, a DVD or a memory card. The face
image processing program may be a transmission medium
which can be distributed via a network such as the Internet.

[0135] Although some embodiments of the present inven-
tion have been described above, these embodiments have
been presented as exemplary embodiments, and do not
intend to limit the scope of the invention. These new
embodiments can be carried out as other various modes, and
can be variously omitted, replaced or changed without
departing from the gist of the invention. These embodiments
and modifications of the embodiments are included in the
scope and the gist of the invention, and are included in a
range equivalent to the invention recited in the claims.

[0136] For example, the above embodiments employ the
configurations where a wrinkle component, a fleck compo-
nent and a pore component are recognized and distinguished
based only on a fourth component y4(») among third, fourth
and fifth components y3(z), y4(») and y5(») indicating
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predetermined components of the skin extracted by an
e-filter bank 11 of the component extracting unit 16, yet is
not limited to this.

[0137] That is, there may be employed a configuration
where filter window sizes and filter values are adjusted, and
all of the third to fifth components y3(z) to y5(r) indicating
the predetermined components of the skin of the face image
are used such that, for example, a fleck component of the
skin is indicated by the third component y3(»), the wrinkle
component of the skin is indicated by the fourth component
y4(n), and the pore component which is natural recesses and
projections of the skin is further indicated by the fifth
component y5(n).

[0138] In this case, the e-filter bank 11 divides input face
image information x(n) into the first to fifth components
y1(n) to y5(n), then outputs the first and second components
y1(n) and y2(») indicating structural components of a face
image to the synthesizing unit 14, and outputs the third to
fifth components y3(#) to y5(#) to a component recognizing
unit 12.

[0139] Furthermore, the component recognizing unit 12
may recognize and distinguish the fleck component, the
wrinkle component and the pore component based on the
third to fifth components y3(») to y5(n), and a component
adjusting unit 13 may adjust the removal rate of each
component. This configuration can also provide the same
function and effect as those of the above embodiments, and
freely generate more natural face images which are ideal for
the user.

REFERENCE SIGNS LIST

[0140] 1 INPUT MEANS

[0141] 2 COMPUTING MEANS

[0142] 3 OUTPUT MEANS

[0143] 4 STORAGE MEANS

[0144] 5 FACE REGION EXTRACTING UNIT
[0145] 10 FACE IMAGE PROCESSING UNIT
[0146] 11 e-FILTER BANK

[0147] 12 COMPONENT RECOGNIZING UNIT
[0148] 13 COMPONENT ADJUSTING UNIT
[0149] 13ato 13¢ REMOVAL RATE ADJUSTING UNIT
[0150] 14 SYNTHESIZING UNIT

[0151] 15 FACE COLOR PROCESSING UNIT
[0152] 16 COMPONENT EXTRACTING UNIT
[0153] 20 WINDOW FRAME

1-10. (canceled)

11. A face image processing system comprising:

a component extracting means which receives an input of
face image information indicating a face image, and
extracts a wrinkle component, a fleck component and a
pore component of the face image from the face image
information;

a removal rate adjusting means which adjusts a removal
rate of each of the wrinkle component, the fleck com-
ponent and the pore component extracted by the com-
ponent extracting means;

a storage means which stores the removal rate;

a synthesizing means which synthesizes the wrinkle com-
ponent, the fleck component and the pore component
which are amplified or attenuated at the removal rate
adjusted by the removal rate adjusting means, and
generates a face image; and

an output means which outputs the face image informa-
tion synthesized by the synthesizing means.
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12. The face image processing system according to claim
11, further comprising a face region extracting means which
extracts the face image indicating a face region from which
at least one of an eye region, a nose region and a mouth
region of an input face image included in inputted image
information has been removed.

13. The face image processing system according to claim
11, wherein the component extracting means includes

a filter means which divides the face image information
indicating the inputted face image into a first compo-
nent, a second component, a third component, a fourth
component and a fifth component in an amplitude-
frequency space, and extracts the fourth component,
and

a component recognizing means which recognizes the
wrinkle component, the fleck component and the pore
component in the face image based on the fourth
component extracted by the filter means, and distin-
guishes an appearance position and a shape of each
component in the face image.

14. The face image processing system according to claim
12, wherein the component extracting means includes

a filter means which divides the face image information
indicating the inputted face image into a first compo-
nent, a second component, a third component, a fourth
component and a fifth component in an amplitude-
frequency space, and extracts the fourth component,
and

a component recognizing means which recognizes the
wrinkle component, the fleck component and the pore
component in the face image based on the fourth
component extracted by the filter means, and distin-
guishes an appearance position and a shape of each
component in the face image.

15. The face image processing system according to claim
13, wherein the removal rate adjusting means adjusts the
removal rate of each of the components in the face image by
weighting the wrinkle component, the fleck component and
the pore component.

16. The face image processing system according to claim
14, wherein the removal rate adjusting means adjusts the
removal rate of each of the components in the face image by
weighting the wrinkle component, the fleck component and
the pore component.

17. The face image processing system according to claim
13, wherein the synthesizing means synthesizes the fourth
component corresponding to the wrinkle component, the
fleck component and the pore component based on the
removal rate stored in the storage means, and the first
component, the second component, the third component and
the fifth component divided by the filter means or the
inputted face image information.

18. The face image processing system according to claim
14, wherein the synthesizing means synthesizes the fourth
component corresponding to the wrinkle component, the
fleck component and the pore component based on the
removal rate stored in the storage means, and the first
component, the second component, the third component and
the fifth component divided by the filter means or the
inputted face image information.

19. The face image processing system according to claim
11, further comprising:
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a face color processing means at a subsequent stage of the
synthesizing means, the face color processing means
including

a skin color extracting means which extracts a skin color
region of which at least one of a luminance and color
information of the face image information is in a
predetermined range, and

a shade adjusting means which changes a shade of a skin
color in the skin color region extracted by the skin color
extracting means.

20. The face image processing system according to claim

12, further comprising:

a face color processing means at a subsequent stage of the
synthesizing means, the face color processing means
including

a skin color extracting means which extracts a skin color
region of which at least one of a luminance and color
information of the face image information is in a
predetermined range, and

a shade adjusting means which changes a shade of a skin
color in the skin color region extracted by the skin color
extracting means.

21. The face image processing system according to claim

13, further comprising:

a face color processing means at a subsequent stage of the
synthesizing means, the face color processing means
including

a skin color extracting means which extracts a skin color
region of which at least one of a luminance and color
information of the face image information is in a
predetermined range, and

a shade adjusting means which changes a shade of a skin
color in the skin color region extracted by the skin color
extracting means.

22. The face image processing system according to claim

14, further comprising:

a face color processing means at a subsequent stage of the
synthesizing means, the face color processing means
including

a skin color extracting means which extracts a skin color
region of which at least one of a luminance and color
information of the face image information is in a
predetermined range, and

a shade adjusting means which changes a shade of a skin
color in the skin color region extracted by the skin color
extracting means.

23. The face image processing system according to claim

19, wherein

a plurality of the face image information outputted from
the output means is generated,

the output means displays a plurality of candidate face
images based on the plurality of generated face image
information, on a display screen of a display means,

the face image processing system further comprises

an input means which accepts one of a selection instruc-
tion of a desired candidate face image designated by a
user and a determination instruction of a final candidate
face image from the plurality of displayed candidate
face images, and

a computing means which, when the input means accepts
the selection instruction of the candidate face image,
sets a parameter of each processing of the component
extracting means, the removal rate adjusting means and
the face color processing means based on the face
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image information indicating the selected candidate
face image by interactive evolutionary computation by
performing crossover processing and mutation process-
ing based on a genetic algorithm, and

the component extracting means, the removal rate adjust-
ing means and the face color processing means repeat-
edly generate the face image information based on the
parameter set by the computing means until the input
means accepts the determination instruction of the
candidate face image.

24. The face image processing system according to claim

20, wherein

a plurality of the face image information outputted from
the output means is generated,

the output means displays a plurality of candidate face
images based on the plurality of generated face image
information, on a display screen of a display means,

the face image processing system further comprises

an input means which accepts one of a selection instruc-
tion of a desired candidate face image designated by a
user and a determination instruction of a final candidate
face image from the plurality of displayed candidate
face images, and

a computing means which, when the input means accepts
the selection instruction of the candidate face image,
sets a parameter of each processing of the component
extracting means, the removal rate adjusting means and
the face color processing means based on the face
image information indicating the selected candidate
face image by interactive evolutionary computation by
performing crossover processing and mutation process-
ing based on a genetic algorithm, and

the component extracting means, the removal rate adjust-
ing means and the face color processing means repeat-
edly generate the face image information based on the
parameter set by the computing means until the input
means accepts the determination instruction of the
candidate face image.

25. The face image processing system according to claim

21, wherein

a plurality of the face image information outputted from
the output means is generated,

the output means displays a plurality of candidate face
images based on the plurality of generated face image
information, on a display screen of a display means,

the face image processing system further comprises

an input means which accepts one of a selection instruc-
tion of a desired candidate face image designated by a
user and a determination instruction of a final candidate
face image from the plurality of displayed candidate
face images, and

a computing means which, when the input means accepts
the selection instruction of the candidate face image,
sets a parameter of each processing of the component
extracting means, the removal rate adjusting means and
the face color processing means based on the face
image information indicating the selected candidate
face image by interactive evolutionary computation by
performing crossover processing and mutation process-
ing based on a genetic algorithm, and

the component extracting means, the removal rate adjust-
ing means and the face color processing means repeat-
edly generate the face image information based on the
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parameter set by the computing means until the input
means accepts the determination instruction of the
candidate face image.

26. The face image processing system according to claim
22, wherein

a plurality of the face image information outputted from

the output means is generated,

the output means displays a plurality of candidate face

images based on the plurality of generated face image
information, on a display screen of a display means,
the face image processing system further comprises

an input means which accepts one of a selection instruc-

tion of a desired candidate face image designated by a
user and a determination instruction of a final candidate
face image from the plurality of displayed candidate
face images, and

a computing means which, when the input means accepts

the selection instruction of the candidate face image,
sets a parameter of each processing of the component
extracting means, the removal rate adjusting means and
the face color processing means based on the face
image information indicating the selected candidate
face image by interactive evolutionary computation by
performing crossover processing and mutation process-
ing based on a genetic algorithm, and

the component extracting means, the removal rate adjust-

ing means and the face color processing means repeat-
edly generate the face image information based on the
parameter set by the computing means until the input
means accepts the determination instruction of the
candidate face image.

27. The face image processing system according to claim
23, wherein, when the input means accepts the determina-
tion instruction of the candidate face image, the storage
means stores as a reference parameter the parameter for
generating the face image information indicating a deter-
mined candidate face image.

28. The face image processing system according to claim
24, wherein, when the input means accepts the determina-
tion instruction of the candidate face image, the storage
means stores as a reference parameter the parameter for
generating the face image information indicating a deter-
mined candidate face image.

29. The face image processing system according to claim
25, wherein, when the input means accepts the determina-
tion instruction of the candidate face image, the storage
means stores as a reference parameter the parameter for
generating the face image information indicating a deter-
mined candidate face image.

30. A face image processing method of a face image
processing system comprising: a component extracting
means; a removal rate adjusting means; a storage means; a
synthesizing means; and an output means, the face image
processing method comprising:

extracting a wrinkle component, a fleck component and a

pore component of a face image from face image
information indicating an inputted face image by the
component extracting means;

adjusting a removal rate of each of the extracted wrinkle

component, fleck component and pore component by
the removal rate adjusting means;

storing the removal rate by the storage means;

synthesizing the wrinkle component, the fleck component

and the pore component which are amplified or attenu-
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ated at the removal rate adjusted in the step of adjusting
the removal rate, and generating the face image by the
synthesizing means; and

outputting the synthesized face image information by the
output means.

Aug. 8, 2019



