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DESCRIPTION

AGE ESTIMATION METHOD AND GENDER DETERMINATION METHOD

TECHNICAL FIELD

[0001] The present invention relates to an age
estimation method, an age estimation apparatus, an age
estimation program, a sex determination method, a sex
determination apparatus, and a sex determination program.
More specifically, the invention relates to an age
estimation method, an age estimation apparatus, and an age
estimation program that use spatial frequencies, and a sex
determination method, a sex determination apparatus, and a
sex determination program that use spatial frequencies.
BACKGROUND ART

[0002] Not only women but also all the people desire
to remain young. For this reason, there are various
cosmetic means, such as esthetic treatments, basic skin
care products, makeup products, special makeup, health
foods, or cosmetic surgeries.

Objective evaluation of the youth, especially the
youth of a face, in other words, objective evaluation of
the gap between an actual age and an "impression age by
appearance” is extremely important in evaluating the effect
of various cosmetic means such as esthetic treatments and

cosmetic materials.
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However, for example, in order to evaluate the effect
of esthetic treatments or cosmetic materials, when an
impression age by appearance is used, the impression age by
appearance may be influenced by the difference among
evaluators or between sexes, so there is a problem in that
the reproducibility of the evaluation may not be obtained.

The technigue of estimating an age with good
reproducibility is greatly needed in a wide variety of
fielde starting from the evaluation of the effect on the
various cosmetic means such as esthetic treatments and
cosmetic materials as described above to verification of
age or marketing for liguor, cigarettes, and the like, a
security system for confirming the characteristic of the
face for security, and the like.

[0003] In view of the circumstances, as an example of
the technique, an age estimation method by using actual
measurement value or sensory evaluation value of the size
or the length of the eves, the mouth, the nose, and the
chin as a characteristic value has been known (Patent
Literatures 1 and 2). In addition, an age estimation
method that uses scoreg of the wrinkles or the flabbiness
has been known {(Patent Literature 3). In addition, a
technique of estimating the age change based on the
physical amounts (the size and the distance) of the

portions or the component parts of the face (Patent
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Literature 4} .

[0004] In recent years, according to the advance of
image processing and statistical analysis processing in
addition to the advance of imaging devices, there has been
a dramatic advance in a system for monitoring and
recognition by storing facial images on a computer quickly
and accurately, recognizing an age group, a sex, and
characteristics of the face, and estimating the person.

As examples of the technology, there have been known
an age estimation system by using values from an image
process such as an edge process or a binary process which
is a characteristic amount contained in images (for example,
Patent Literatures § and 6), a person attribution
estimation technology by using characteristic values (the
position, the shading, and the number of wrinkleg) of
characterigtic points such as eyes, a nose, and a mouth
(for example, Patent Literature 7), an age estimation
technology for selecting a discriminator and a method for
applying dimension compression to an image based on a
perception age distance of a person as an evaluation
standard (for example, Patent Literature 8). In addition,
an age and sex determination technology by using similarity
of characteristic information of a facial image (shading
information per portion of the image, the size cof the

portion and the like) is disclosed (for example, Patent
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Literature 11).

[0005] Meanwhile, recently, a technology focusing on
spatial frequencies, that is, a technology focusing on the
change of the texture characteristics of an image by
spatial cycles is developed. For example, a method of
preparing a simulation image of skins presenting various
textures according to the changes of spatial frequencies is
disclosed (for sxample, Patent Literature 9).

The applicant of the invention discloses a technology
of evaluating the effect on the "three dimensional effect
of a face" that a makeup has, by performing spatial
frequency pattern analysis at the time of the makeup by
using the technology of using the spatial frequencies (for

example, Patent Literature 10).

CITATION LIST

PATENT LITERATURE

[oo086] Patent Literature 1: JP 11-265443 A
Patent Literature 2: JP 2000-014661 A
Patent Literature 3: JP 2002-330%43 A
Patent Literature 4: JP 2002-360544 A
Patent Literature 5: JP 2009-086901 A
Patent Literature 6: JP 2009-271885 A
Patent Literature 7: JP 2008-282089 A

Patent Literature 8: JP 2010-113526 A
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Patent Literature 9: JP 2004-283357 A
Patent Literature 10: JP 2004-272848% A

Patent Literature 11: JP 2005-165447 A

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0007] The methods of estimating an age based on the
physical formation such asgs the size of a portion of a face
and the length between the portions as disclosed in Patent
Literatures 1, 2, and 4 are difficult in specifying a
position that is a measurement standard of each subject,
and the age may not be estimated with a high degree of
accuracy.

In addition, the method of estimating an age based on
the sensory evaluation as disclosed in Patent Literature 2
has a problem in that personal differences among evaluators
greatly influence the age estimation. In addition, since
the method of estimating an age by using scores of wrinkles
or flabbiness as digclosed in Patent Literature 3 only
focuges on specific portions where the wrinkles and
flabbiness are easily seen, it is difficult to evaluate an
age of a subject in a wide range of the age group including
relatively young pecple. In addition, there is a problem
in that it is difficult for the portion to be specified as

described above.
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[ooo08] The technology disclosed in Patent Literatures

5 and 6 is to increase the degree of accuracy of an age
estimation by combining results of age estimation based on
a plurality of different standards. In addition, the
technology disclosed in Patent Literature 8 is to obtain an
estimated value close to the result perceived by that a
person based on the specific evaluation standard which ig a
perception age distance. In addition, the technology
relating to Patent Literature 11 is to minimize the
estimation error based on the specific index of a degree of
similarity. These technologies are to minimize the
estimation ervor by preparing a plurality of standards for
the calculation of any kind of age estimation.

In addition, the technology disclosed in Patent
Literature 7 is a technology to correct scores used in
estimation on the basis of a certain condition and to
mainly focus on improving the accuracy of input data used
in the estimation.

[0009] As described above, conventionally, the
characteristic values used in estimating an age ox
determining a sex by using a facial image is limited to the
size of a portion of a face, the distance between portions,
the scores indicating the number of wrinkles or the
condition, the shading of the portion of a face, or the

processed value thereof. In addition, in the conventional
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method of determining an age or a sex, in order to increase
the evaluation accuracy, it is necessary to process
information for specifying a plurality of portions of the
face or to prepare a plurality of standards to increase
estimation accuracy.

[0010] Therefore, embodiments of the invention seek to
provide a novel technology for estimating an age with a high
‘degree of accuracy and reproducibility in the age estimation
by using facial images. In addition, embodiments of the
invention seek to provide a novel technology for determining
a sex with a high degree of accuracy and reproducibility in

the sex determination by using the facial images.

MEANS FOR SOLVING PROBLEM

[o011] In view of the foregoing circumstances, as a
result of a diligent effort to obtain a technology for
estimating an age or determining a sex accurately, the
inventors of the invention found out that there are close
correlations‘among ages and intensities of gpatial
frequencies obtained from facial image data, or sexes and
the intensities of the spatial frequencies. Further, as a
result of analyzing the correlations, the inventors found
out that various kinds of information on aging structures

and characteristics of sex difference which relates to age
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estimation and a sex determination is unevenly distributed
per spatial frequency. Then, the inventors found out that
the estimation of an age (an actual age or an impression
age by appearance) and the determination of the sex may be
performed with a high degree of accuracy and
reproducibility by using the intensities of the gpatial
frequencies belonging to spatial frequency bandg that are
closely related to the information on the aging structure
or characteristics of sex difference.

{00121} Embodiments of the invention relate to an age
estimation method including estimating an age of a subject
from facial image data of the subject based on a
correlation between ages and intensities of spatial
frequencies obtained from facial image data.

According to a first aspect of the present invention,
there is provided an age estimation method comprising:
estimating an age of a subject from facial image data of
the subject based on a correlation between ages and
intensities of spatial freguencies obtained from facial
image data, wherein the spatial freqguencies belong to a

plurality of different spatial frequency bands.



As described in an embodiment described below, since
intensities of spatial frequencies have a high correlation
with ageg, an age of a subject may be estimated from facial
image data of the subject with a high degree of accuracy
and reproducibility.

[0013] In a preferred embodiment of the invention, the
correlation is indicated by an equation or a model, and an
estimated age of the subject is obtained by applying

intensities of spatial frequencies obtained from the facial
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image data of the subject to the equation or the model.
By using the equation or the model indicating the
correlation, an age may be easily estimated by using a
computer or the like.
[0014] According to a second aspect of the invention,
there is provided an age egtimation method comprising:
acquiring facial image data of a subject;
calculating intensities of spatial frequencies from
the acquired facial image data; and
calculating an estimated age of the subject by
applying the calculated intensities of the spatial
frequencies to an equation or a model that is obtained in

advance and expresses a correlation between ages and

intensities of spatial frequencies obtained from the facial

image data, wherein the spatial frequencies belong to a
plurality of different spatial frequency bands.

[0015] In a preferred embodiment of the invention, the
equation is a multiple regression equation obtained from
multiple regression analysis or a prediction equation

obtained from PLS.



By using the multiple regression equation or the
prediction equation, an estimated age of a subject may be
obtained with a higher degree of accuracy.

[0016] As the facial image data, image data of an
entire face or a portion of a face may be used. That is,

the age may be estimated accurately even when the used
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facial image is an image of an entire face or a portion of
a face.

[0017] Embodiments of the invention may be used in
estimating an actual age and in estimating (evaluating) of
an impression age by appearance. When an actual age is
estimated, a correlation between actual ages and
intensities of spatial frequencies may be used, and when an
impression age by appearance is estimated, a correlation
between impression ages by appearance and intensities of
spatial frequencies may be used.

[c018] In a preferred embodiment of the invention,
color image data is used as the facial image data, and the
intensities of the spatial frequencies include combinations
of intensities of spatial frequencies calculated from a
plurality of color channels.

By using intensities of spatial frequencies
calculated from color channels in combination, comparing
with the case of only using intensities of spatial
frequencies calculated from monochrome facial data
{(brightness data), an age, especially an impression age by
appearance may be estimated (evaluated) with a high degree
of accuracy.

[0019] In a preferred embodiment of the invention, the
spatial frequencies belong to a plurality of different

spatial frequency bands.
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By using the intensities of the spatial frequencies
belonging to the plurality of different spatial frequency
bands, an age may be estimated with a high degree of
accuracy. |

[0020] In a preferred embodiment of the invention, the

‘ spatial freguency bands are low band of 50 cycles/image-

width or less and high band of larger than 50 cycles/image-
width.

By using the intensities of the spatial frequencies
in low frequency band and high frequency band in
cowmbination, information on different kinds of aging
structures way be used in combination, so the age may bé
estimated with a higher degree of accuracy.

[c021] In the case of using the different spatial
frequencies, these spatial frequencies preferably have a
difference of 10 cycles/image-width or more. According to
this, information on different kinds of aging structure may
be used more effectively, so the age may be estimated with
a higher degree of accuracy.

[co22] In a preferred embodiment of the invention, the
subject ig a female, the correlation is a correlation
between ages and intensitieg of spatial frequencies
obtained from facizl image data cof entire faces of females,
and the spatial frequencies include at least four spatial

frequencies that belong to respective spatial freguency
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bands as follows:

0 to 50 cycles/image-width;

50 to 100 cycles/image-width;

100 to 200 cycleg/image-width; and

200 cycles/image-width or more.

Accoxding to this, the spatial frequency bands that
include information on aging structure specific to females
are used effectively, so the age may be estimated with a
high degree of accuracy.

[0023] In a preferred embodiment of the invention, the
subject is a male, the cofrelation is a correlation between
ages and intengities of gpatial freguencies obtained from
facial image data of entire faces of males, and the spatial
frequencies include at least four spatial fregquencies that
belong to respective spatial freguency bands as follows:

0 to 50 cycles/image-width;

50 to 100 cycles/image-width;

100 to 150 cycles/image-width; and

150 cycles/image-width or more.

According to this, the spatial freqguency bands that
include information on aging structure specific to males
are used effectively, go the age may be estimated with a
high degree of accﬁracy.

[0024] In a preferred embodiment of the invention, the

correlation is a correlation between ages and intensities
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of spatial frequencies obtained from image data of lips,
and the spatial frequencies include at least three spatial
frequencies that belong to respective sgpatial frequency
bands as follows:

0 to 40 cycles/image-width;

40 to 100 cycles/image-width; and

100 cycles/image-width or more.

According to this, from limited portions of lips, the
spatial frequency bands that include information on aging
structure specific to the lips are used effectively, so the
age may be estimated with a high degree of accuracy.

[0025] According to a third aspect of the present
invention, there is provided an age estimation apparatus
comprising: an intensity calculating unit that calculates
intensities of spatial frequencies from facial image data
of a subject; a storage unit that stores age correlation
data expressing a correlation between ages and intensities
of spatial frequencies obtained from facial image data; and
an age calculating unit that calculates an estimated age of
the subject by matching the intensities of the gpatial
frequencies calculated by the intensity calculating unit
with the age correlation data stored in the storage unit,
wherein the spatial frequencies belong to a plurality of

different spatial frequency bands.

13



The age esgtimation apparatus according to embodiments
of the invention may estimate the age from the facial image

data of the subject with a high degree of accuracy.
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[0026] According to a fourth aspect of the present
invention, there is provided an age estimation program
causing a computer to function as: an intensity calculating
unit that calculates intensities of spatial frequencies
from facial image data of a subject; a storage unit that
stores age correlation data that expresses a correlation
between ages and intensities of spatial frequencies
obtained from the facial image data; and an age calculating
unit that calculates an estimated age of the subject by
matching the intensities of the spatial frequencies
calculated by the intensity calculating unit with the age
correlation data stored in the storage unit, wherein the
spatial frequencies belong to a plurality of different
spatial frequency bands.

The age estimation program according to embodiments
of the invention causes the computer to estimate the age
from the facial image data of the subject with a high
degree of accuracy.

[0027] Embodiments of the invention relate to a sex
determination method including determining a sex of a
subject from facial image data of the subject based on a
correlation between sexes and intensities of spatial
frequencies obtained from facilal image data.

As described in the embodiment as described below,

since intensities of spatial frequencies have a high

14



correlation with sexes, a sex of a subject may be
determined from facial image data of the gubject with a

high degree of accuracy.
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[0028] In a preferred embodiment of the invention, the
correlation is indicated by an equation or a model so the
sex of the subject is determined by applying the
intengities of the spatial freguencieg from the facial
image data of the subject to the equation or a model.

By using the equation or a model that indicates the
correlation, the sex may be easily determined by using a
computer and the like.

[0029] In a preferred embodiment, the equation is a
discriminant function obtained by discriminant analysis,

By using the discriminant function, the sex of the
subject may be determined with a high degree of accuracy.
[0030] In a preferred embodiment, the spatial
freguencies belong to bands from 100 to 250 cycles/image-
width,

By using the intensities of the spatial frequencies
in the bands, the sex may be determined with a high degree
of accuracy by effectively using information on structures

that present differences between gexes.

d\{0031] In a preferred embodiment of the invention, the

sex determination method includes the following steps of:
acguiring facial image data;
calculating intensities of spatial frequencies from
the acquired facial image data;

acquiring a sex grouping variable by applying the

15
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calculated intensities of the spatial frequencies to a
discriminant function that is prepared in advance and
indicates a correlation between sex grouping variables and
the intensiﬁies of the spatial frequencies obtained from
the facial image data; and

determining a sex based on the obtained grouping
variable.

[0032] In addition, embodiments of the invention relate
to a sex determination apparatus including an intensity
calculating unit that calculates intensities of spatial
frequenciesgs from facial image data of a subject, a storage
unit that stores sex correlation data that indicates a
correlation between sexes and intensities of spatial
freguencies obtained from the facial imagé data, and a sex
determining unit that determines a sex of the subject by
matching the intensities of the spatial frequencies
calculated by the intensity calculating unit with the sex
correlation data stored in the storage unit.

The sex determination apparatus according to embodiments
of the invention may determine the sex from the facial image
data of the subject with a high degree of accuracy.

[0033] In addition, embodiments of the invention relate
to a sex determination program causing a computer to function
as an intengity calculating unit that calculates intensities

of spatial freqguencies from facial
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image data of a subject, a storage unit that stores sex
correlation data indicating a correlation between sexes and
intensities of spatial frequencies obtained from facial
image data; and a sex determining unit that determines a
sex of the gsubject by matching the intensities of the
spatial frequencies calculated by the intensity calculating
unit with the sex correlation data stored in the storage
unit.

The sex determiﬁation program according to
embodiments of the invention may cause the computer to
determine the sex from the facial image data of the subject
with a high degree of accuracy.

[0034] In addition, embodiments of the invention
relate to an age estimation apparatus including an
intensity calculating unit that calculates intensities of
spatial frequencies from facial image data of a subject, a
storage unit that stores sex correlation data indicating a
correlation between sex and intensities of spatial
frequencies obtained from facial image data, and male age
correlation data and female age correlation data indicating
correlations between ages and intensities of spatial
frequencies obtained from facial image data by sex, a sex
determining unit that determines a sex of the subject by
matching the intensities of the spatial freguencies

calculated by the intensity calculating unit with the sex
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correlation data stored in the storage unit, an age
correlation data selecting unit that selects the male age
correlation data or the female age correlation data based
on the sex determined by the sex determining unit, and an
age calculating unit that calculates an estimated age of
the subject by matching the intensities of the spatial
frequencies calculated by the intensity calculating unit
with the correlation data selected by the correlation data
selecting unit.

Since the age estimation apparatus according to
embodiments of the invention estimates the age by using
correlation data considering aging structures specific to
the gex depending on the sex determination result, the age

may be estimated with an extremely high degree of accuracy.

EFFECT OF THE INVENTION
[0035] According to embodiments of the invention, by
using spatial frequencies obtained from facial image data,
an age (an actual age or an impression age by appearance)
may be estimated with a high degree of accuracy and
reproducibility, or a sex may be determined with a high
degree of accuracy and reproducibility.

In addition, by using an age estimating technique or
a sex determining technique according to the invention, an

effect of makeup or esthetic treatments or cosmetic
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materials may be evaluated easily.

BRIEF DESCRIPTION OF DRAWINGS
[0036] Fig. 1 is a grayscale facial image of 1024 x
1024 pixels (a photograph as a substitute for a drawing).

Fig. 2 is a graph indicating a spectrum pattern of
spatial freguencies of the facial image (spatial
frequencies versus logarithm of power).

Fig. 2 is a drawing illustrating examples of standard
pictures of the facial images for age groups used for an
impregsion age by appeérance (a photograph substituted for
a drawing) .

Fig. 4 is a graph indicating correlation coefficients
between logarithms of powers of spatialvfrequencies and
actual ages of females according to spatial freguencies.

Fig. 5 is a diagram illustrating correlation
coefficients between logarithms of powers of spatial
frequencies and actual ages of males according to spatial
frequencies.

Fig. 6 is a diagram illustrating a process of an
estimation method of an impression age by appearance.

Fig. 7 is a hardware block diagram of an estimation
apparatus of an impression age by appearance.

Fig. 8 is a graph (calibration curve) illustrating

correlations between the impression age by appearance from
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a third party and the estimated image obtained by a method
according to the invention obtained from Example 1.

Fig. 9 is grayscale images of a natural face {right)
and a makeup face {(left) of a 62-year-old woman used in
Example 3 (a photograph as a substitute for a drawing).

Fig. 10 is a graph illustrating a histogram of scores
of linear digcriminant function in determining sex obtained
in Example 4.

Fig. 11 is a graph (calibration curve) illustrating
correlations between actual ages obtained in Exanmple 5 and
estimated ages obtained by a method according to the
invention.

Fig. 12 is a graph (calibratiom curve) illustrating
correlationg of actual ages obtained in Example 6 and an
estimated ages obtained by a method according to the
invention.

Fig. 13 is a graph {(calibration curve) illustrating
correlations of an actual ages obtained in Example 7 and
estimated ages obtained by a method according to the

invention.

DESCRIPTION OF EMBODIMENTS
f0037] [1] Age Estimation Method according to the
Invention

The invention relateg to an age estimation method
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including estimating an age of a subject from facial image
data of the subject based on a correlation between ages and
intengities of spatial frequencies obtained from facial
image data. The correlation is preferably indicated by an
eguation or a model.

The equation or the model is preferably a regression
eguation or a regression model, and more preferably a
multiple regression equation or a prediction equation.
[0638] <Definition of Actual Age and Impression Age by
Appearances

An “age" in the invention includes an actual age and
an impression age by appearance.

The "actual age" refers to an age determined by a
date of birth, and a technology of estimating the actual
age may be provided to various use such as various
monitoring systems as described above.

[0039] On the other hand, an "impression age by
appearance" refers to an age by an impresgion objectively
estimated by a third party, and is under the assumption
that an impression by appearance looks younger or older
than an actual age. The technolcegy of estimating the
impression age by appearance is useful in evaluating the
effect of various cosmetic means. In addition, it is
useful in evaluating a change of an impression age by

appearance by various cosmetic means. For example, it may
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be applied in evaluating a change of an impression age by
appearance by makeup. In addition to an impﬁession age by
an entire appearance, the impression image by appearance
may include an impreggion age by appearance focusing on a
gpecific aging phenomenon, for example, a "freckle age"
focusing on a freckle condition, a "wrinkle age" focusing
on a wrinkle condition, a 'skin texture age" focusing on a
texture of a skin, and the like.
[0040] <Facial Image Data>

As facial image data of a subject used in the
invention, the entire face image data or image data of a
portion of the face may be used.
[0041] When image data of an entire face is used, it
ig preferable to use the entire face data excluding a hair
portion (see Fig. 1). According to this, an age may be
estimated with a higher degree of accuracy. 1In
consideration of the sampling theorem for calculating the
intensities of the spatial frequencies and the resolutions
regquired tolestimate an actual age or an impression age by
appearance, the size of the face image in this case may be
captured in the range of 30 cm x 30 cm, and the image is
preferably 512 x 512 pixels or more. As described later,
it isg because the number of pixels relate to the extent of
the spatial frequency band included in an image.

[o042] The image data of the porticn of the face
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incliudes image data of the lips, the eyes, the nose, the
forehead, the cheek, the neck, and the‘like. Among them,
the image data of the lips or the image data of the cheek
igs preferably used. This is done for estimating the age
with a high degree of accuracy since the intensitiesg of the
spatial frequencies obtained from the image data of the
lips have a high correlation with an age as described in
the following examples. For example, when the image of the
portion such as the lips, the eyes, and the nose is used,
it is preferable to use an image of the entire portion. In
addition, when an image of a portion of a face such as a
cheek or a forehead is used, it is preferable to use an
image of the portion in the range of at least 2 cm x 2 cm.
According to this, the information on other aging
structures can be acquired sufficiently, so the age can be
estimated with a high degree of accuracy. In addition, in
such a case, the number of pixels of the image data is
preferably 256 pixels or more, and more preferably 512
pixels or more. AS @escribed later, this is because the
number of pixels relate to the extent of the spatial
frequency band included in an image.

{0043] In addition, in the present invention, the
facial image data may be monochrome image data (brightness
data) or color image data. A monochrome image or a color

image may be selected according to the purpose or the usage.
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For example, in case of estimating an age where the effect
of the skin color, the skin trouble, or the like is
suppressed, it is preferable to use monochrome image data.

When color image data is used, the data cbtained from
any channels among the data from the RGB color channels may
be used gingly or in combination. In addition, the
monochrome image data (brightness data) to be converted
hereinafter may be further combined to be used. For
example, when freckle information by aging may be
effectively used to estimate the "freckle age", it is
preferable to use the B channel data of the color image.

In addition, when an age is estimated by deleting freckle
information and focusing on skin texture, wrinkles, or the
like, it is preferable to use the R channel data of the
color image without using the B channel data of the colox
image.

In addition, by using the intensities of the spatial
frequencies calculated in every color channel in
combination, the comprehensive impression age by appearance
can be estimated with a high degree of accuracy compared to
the case of only using the intensities of the spatial
frequencies calculated from the monochrome image data. In
addition, it is preferable to use the intensities of the
spatial frequencies calculated in every color channel and

the intensities of the gpatial frequencies calculated from
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the monochrome image data in combination since a
comprehensive impresgion age by appearance may be estimated
with a high degree of accuracy. In this point of view, it
ig preferablé that the color channels used herein include
the combination of the R channel and the B channel. In
addition, it is preferable to include the combination of
all RGB channels.

{0044] The "facial image data" may be acquired
according to a convéntional method. For example, the
frontal face is captured and the captured image is input to
a personal computer as digital information by using a
digital camera and the like.

[0045] <Definition of Spatial Frequency>

Ag known in advance, the "spatial freguency' refers
to a characteristic of any structure that has a spatial
cycle and indicates the number of the structural
repetitions included in a unit length. In the SI unit, the
spatial frequency refers to cycles per meter, but in the
image processing field, the spatial frequency refers to the
number of lines per millimeter.

In addition, as a unit of the spatial frequency, the
number of cycles per image width (cycle/image~width) may be
used.

The maximum number of cycles included in an image is

the half number of the pixels {(dots} included in the image
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width. That is, when the image has the image width of 512
pixels, the spatiasl frequency band is 0 to 256
cycles/image-width, and when the image has the image width
of 1024 pixels, the spatial frequency band is 0 to 512
cycles/image-width,

[0046] <Method of Calculating Intensity of Spatial
Freguencys>

The "intensities of the spatial freguencies" refer to
amplitude values or powers {the logarithms of powers) in
regpective spatial frequencies.

The intensities of the spatial frequencies may be
calculated from the facial image data accordin§ to a
conventional method. When monochrome image data is used,
brightness data {monochrome image data) from the facial
image data may be adjusted by using, for-exampla, a
commercially available image processing software (for
example, Photoshop (registered trademark) CS3 manufactured
by Adobe systems Incorporated or NanoHunter NS2K-Pro
{regigtered trademark) manufactured by Nano System Corp.).
When an FFT (Fast Fourier Transform) is performed on the
adjusted monochrome image data or the adjusted color image
data by using a commercially available image analysis
software (for example, a Fourier phase analysis program
manufactured by Image Sense Co. Ltd., and Poplmaging

manufactured by Digital Being Kids) and the like, the
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amplitude value or the power that is the intensity of the
spatial frequency may be calculated. Fig. 2 illustrates a
spectrum pattern that is a result of FFT processing to the
grayscale image of 1024 x 1024 pixels as an example of the
spatial freguency analysis. By the FFT processing, the
intensity (an amplitude wvalue or a power) per spatial
frequency of 0 to 1024/2 (unit: cycle/image-width) is
calculated so that the spatial frequenéy characteristic
that includes the facial image has becomes clear.

In azddition, in case of the color image, the
intensities of the spatial frequencies are calculated per
color channel.

[0047] The great advantage of the invention is to
eagily obtain numerical data {intensities of spatial
frequencies {(power spectrums)) required to estimate an age
from facial image data of a subject. That is, in the
conventional art, in order to calculate the sizes of the
respective portions or the distances between portions
required for the age estimation, when given positions per
facial image data of the subject should be specified in
detaill and the positions are not specified correctly, the
estimation precision decreases. However, the intensities
of the spatial freguencies required for the age estimation
used in the invention may be quantitatively calculated with

ease by using a commercially availlable software that is
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used conventionally.
[0048] <Age Egtimation Method>

In the invention, an age of a subject is estimated
based on the correlation of ages and intensities of gpatial
frequencies obtained from facial image data analyzed in
advance from the intensities of the spatial frequencies
cbtained from the facial image data of the subject whose
age 18 to be egtimated according to the method described
above.

As the intensities of the gspatial frequencies used in
the estimation, any intensity of the spatial frequency may
be used, but it is preferred to use spatial frequencies
that belong to a plurality of different spatial frequency
bands since the estimation may be performed with a high
degree of accuracy. In a preferred embodiment of the
invention, the spatial frequency bands may be low frequency
ranges of 50 cycleg/image-width or less, and high frequency
ranges of larger than 50 cyclesg/image-width. In a more
preferred embodiment, the high freguency ranges may be
divided into medium frequency ranges of 50 to 100
cycles/image-width and the high frequency ranges of 100
cycles/image-width or more.

By using the intensities of the spatial freguencies
in different bands, the information on different aging

structures existing in respective bands may be used in
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combination so that an age may be estimated comprehensively.

In addition, in this case, the pluralities of the
spatial frequencies preferably have differences of 10
cycles/image-width or more, or wmore preferably differences
of 20 cycles/image-width or more. Accordingly, the
information on different aging structures may be used
effectively.

{0049} The correlation of ages and intensities of
spatial frequencies obtained from a facial image data may
be calculated in advance by multivariate analysis such as
regression analysis.

Hereinafter, a method of calculating the correlation
is degceribed with a case of estimating an impression age by
appearance from intensities of spatial frequencies obtained
from facial image data as an example.

[0050] (1} Estimation of Impression Age by Appearance

In order to obtain an equation or a wodel indicating
correlation of impression ages by appearance and
intensities of sgpatial frequencies obtained from facial
image data, evaluators visually estimate impression ages by
appearance of a plurality of people.

The number of the estimated people may be at least 50
or more, preferably 100 or more, and more preferably 500 or
more. In addition, it is preferable that each age group

has the same number of people.
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With regard to the impressgion age by appearance,
since the self-evaluation is different ﬁrém the evaluation
by a third party in many cases, it is preferable that the
evaluator is a third party. Evaluators who evaluate the
impression ages by appearance may be selected in a
viewpoint of selecting evaluators who appropriately
represent the third party, and it is important to consider
various issues such as individual differences, sex
differences, agé differences, and preference of the
evaluators, and further reproducibility and the like.
Evaluators who have specialties and experience such as
evaluation, for example, in a cosmetic field are preferably
included. It is preferable that the number of the
evaluators is plural, specifically about 5 to 10. The
objective impression age by appearance of each person may
be obtained by statistically processing the egtimation
result by the plurality of estimatoxrs, for example, by
calculating mean values, median valueg, or the like
excluding outliers.

In addition, in oxrder to improve the reproducibility
of the evaluation, it is more preferable to use a reference
picture or the like as an evaluation criterion. For
example, it is preferable to prepare standaxd bictures of
each age group at intervals of 5 to 10 years in advance,

and determine an age difference from the standard picture
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that is the criterion, or to present an actual age and
estimate the difference. Fig. 3 is a drawing illustrating
exemplary standard pictures of the facial image in each age
group from 20 to 80 at intervals of 10 years. As it moves
to the right, the age group increases. The method of
preparing standard pictures may include a method of
selecting standard pictures frowm a facial picture database
of age groups by an expert of facial recognition, a method
of preparing average facial images by processing a
plurality of facial pictures of age groups with morphing
software, and the l1ike. In any cases in the art, when the
population that is the base of the preparation is about 100,
the prepared picture may be a reference picture that has a
certain level of reliability, and when the population
exceeds 1000, the prepared picture may be a reference
picture that has sufficiently high level of reliability.

The impresgsion age by appearance of a person may be
evaluated in contact with the person. However, asg
described later, it is preferable that the evaluation is
performed by using a captured facial image of the person.
This is because, as illustrated in Fig. 1, the influence
that decreases the evaluation accuracy caused by, for
example, an expression, a hair style, a background, a skin
color, a skin trouble, ox the like may be excluded.

[0051] (2) Calculation of Intengity of Spatial

31



10

15

20

25

Fraquency

Next, the intensities of the spatial fregquencies are
calculated from facial image data in which the pluralities
of people are captured. The intensities of the spatial
frequencies are calculated as described above. The facial
image used herein is preferably the same with the facial
image used in the evaluation of the impression age by
appearance. Accordingly, the correlation between
impression ages by appearance and the intensities of the
spatial frequencies way be calculated with a higher degree
of accuracy.

[0052] (3) Preparation of Database (DB}

In order to calculate the correlation, a database
(DB) in which the intensities of the spatial freguencies
and impression ages by appearance are associated is
Prepared.

The DB for preparing an equation or a model that is
arranged in advance, and that indicates the relation
between the impression ages by appearance and the
intensities of the spatial frequencies are preferably
prepared by sex and by race. In addition, each age group
preferably has the same population distribution. In
addition, the population of the DB is at least 50 or more,
preferably 100 or more, and more preferably 500 or more.

When the structukre of the DB is, for example, a matrix form
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where people may be input to a row, and the impression ages
by appearance calculated as described above, the
intensities of the spatial frequencies calculated from the
facial image data may be input as the column items.

In addition, in order that the DB may be also used
for estimating an actual age as described later or
determining a sex as described later, the column item may
further include actual ages of people captured in the
facial images and sex grouping variables indicating sexes.

The DB may be updated by adding the intensities of
the spatial frequencies and the estimated value after
estimating an impresgion age by appearance from a newly
acquired facial image data of a subject. An equation or a
model can be updated by performing multivariate analysis as
described later, if necessary. It is because the
estimation accuracy increases by the update.

[0053] The DB may be used in the estimation of the
actual age in the same manner. Though the usage of the DB
will be described wmore specifically in Examples 1 and 2
which will be described later, the following may be
undexrstood by the usage of the DB. For example, when
correlation coefficients between ages and powers per
spatial frequency are calculated by performing correlation
analysis on the estimated spatial frequency powers and the

age, the spatial frequency band with a high correlation
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coefficient may be specified, and thus the band that
include an extremely large amount of information on aging
structure (aging information} may be known (Fig. 4:
correlation analysis on a DB of females, Fig. 5:
correlation analysis on a DB of males). In addition, when
cluster analysig {(Ward's method by an average Euclidean
distance) on the spatial freguencies is performed, the
relation between the spatial fregquency band and the
characteristic of the facial image is clearly figured out
so that the aging information included in each spatial
frequency band ig specifically understood.

When c¢luster analysis is performed on the spatial
frequencies included in the DB prepared in an examples
described later, the uneven distribution of the aging
information per spatial frequency band, for example,
information on tense feelings or flabbiness in 0 to 50
(cycles/image-width) and information on deep wrinkles and
face lineg in 50 to 100 (cycles/image-width) from a
dendrogram is presented. Therefore, from each spatial
frequency band, by selecting the spatial freguencies and
using the spatial frequencies in combination as explanatory
variables in a regresgion equation or a prediction equation,
the age may be estimated with a high degree of accuracy.
[0054] (4) Preparation of Eguation or Model

In order to prepare an equation or a model that
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indicate a correlation between the impression ages by
appearance and the intensities of the spatial frequencies,
it ig preferable to perform multivariate analysis on the
impression ages by appearance and the intensities of the
spatial freguencies by using the DB. Multivariate analysis
preferably use the relation between the ébjeﬁtive variable
and the explanatory variable, and a preferred example of
multivariate analysis includes discriminant analysis and
regression analysis (MLR, PLS, PCR, Logistic analysis).
kmong these, multiple regression analysis (MLR), and
nonlinear regression analysis (PLS: Partial Least Squares)
are particularly preferable. For example, when multiple
regression analysis is performed on intensities of spatial
frequencies as explanatory variables and impression ages by
appearance ag objective variables, a multiple regression
equation may be obtained. In addition, when a PLS may
performed in the same manner, a prediction eguation
(prediction model) may be obtained.

In addition, in oxrder to obtain an eguation or a
model that has a high degree of accuracy, multivariate
analysis such as principal component analysis, factor
analysis, Quantification Theory Type I, Quantification
Theory Type II, Quantification Theory Type III,
multidimensional scaling, supervised clustering, a neural

network, and an ensemble learning may be used appropriately.
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Among these, a neural network, discriminant analysis, and
Quantification Theory Type I are preferable.

These multivariate analyses may be performed by using
free goftware or commercially available software.

[0055] The intensity of the spatial frequency which is
an explanatory variable in the equation or the model
obtained as described above is preferably intensities of
spatial frequencies which belong to a plurality of
different frequency bands. By using the intensities of the
spatial frequencies that belong to the plurality of the
different spatial frequency bands, an age may be estimated
with a high degree of accuracy. In a preferred embodiment
of the invention, the spatial freguency bands may be low
frequency ranges of 50 cycles/image-width or less, and high
frequency ranges of larger than 50 cycles/image-width. In
a more preferred embodiment, the high frequency ranges may
be divided into wedium frequency ranges of 50 to 100
cycles/image-width, and the high frequency ranges of larger
than 100 cycles/image-width.

By using the intensities of the spatial frequencies
in different bands, the different aging information
exigting in respective bands may be used in combination and
an age may be comprehensively estimated with a high degree'
of accuracy.

In addition, in this case, the plurality of the
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spatial frequencies preferably have difference of 10
cycles/image-~width or more, oOr more preferably have
difference of 20 cycles/image-width or more. Accordingly,
the different aging information may be used effectively.
[0056] Further, in order to estimate the age with a
high degree of accuracgy, the used spatial frequency band
may be optimized depending on the sex. When an age of a
female is estimated by using image data of an entire face,
it is preferable to use at least four spatial freguencies
that belong to respective bands as follows. As described
in an examples described later, the bandsg are gpecified by
analyzing data acquired from a plurality of people by
cluster analysis and classifying the data into the spatial
frequenciesg with similar change characteristics in the
spatial freguency power.

{Age Egtimation of Female)

0 to 50 cycles/image-width

50 to 100 cycles/image-width

100 to 200 cycles/image-width

200 cycles/image-width or more
[0057] In addition, when an age of a male is estimated
by using image data of an entire face, it is preferable to
use at least four spatial fréquencies that belong to
respective bands as follows.

(Age Estimation of Male)
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0 to 50 cycles/image-width

50 to 100 cycles/image-width

100 to 150 cycles/image-width

150 cycles/image-width or more
[0058] As understood by comparing both, it is
preferable to use high spatial frequencies of 200
cyceles/image-width or more for estimating an age of a
female, but it is not necessary to use such spatial
frequencieg for estimating an age of a male because aging
information of a female exists in high freguency ranges,
while aging information of a male hardly exists in high
fregquency range.

In this regard, the upper limit of the spatial
frequency bands used for estimating an age of a female may
be about 500 cycles/image-~width, while the upper limit of
the spatial freqguency band used for estimating an age of a
male may be about 200 cycles/image-width as a standard.
{06591} Further, in order to estimate the age with a
high degree of accuracy, the used spatial frequency band
may be changed depending on the portion used for the
egtimation. When image data of lips is used, it is
preferable to use at least three spatial frequencies that
belong to respective bands as follows. As described in an
example described later, the bands are specified by

analyzing data acquired from a plurality of people by
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cluster analysis and classifying the data into the spatial
frequencies with similar change characteristics in the
spatial frequency power.

(age estimation using lips)

0 to 40 cycles/image-width

40 to 100 cycles/image-width

100 cycles/image-width or more

Since the lips rarely include aging information in a
high frequency range of 240 cycles/image-width or more, the
band may not be used necessarily. In this regard, the
standard upper limit of the spatial frequency range bands
used for estimating an age from image data of the lips may
be about 240 cycles/image-width as a standard.
o060} The method of calculating a correlation between
intensities of gpatial freguencies and impression ages by
appearance is described hereto. However, in case of
egtimating actual ages, the correlation between the
intensities of the spatial freguencies and the actual ages
may be calculated in the same manner.
[0061] {5) Age Estimation

An age {an actual age or an impression age by
appearance) is estimated by applying intensities of spatial
frequencies from facial image data of a subject to an
egquation or a model indicating a correlation between ages

and intensities of spatial frequencies obtained by the
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method as described above. The application of the eguation
or the wmodel includes matching numerical values to a model
in addition to substituting numerical valueg to an eguation.
According to this, an estimated value of an age may
be obtained.
[0062] Fig. 6 is a dlagram indicating a process
example of a method of estimating an age (an actual age or
an ilmpregsion age by appearance) by using the spatial
frequencieg in the invention. In other words, the
intensities of the spatial frequencies may be calculated by
acqguiring facial image data of a subject whose age is to be
estimated (a facial image acquiring step), and then
calculating the intensities of the spatial frequencies by

performing a FFT process on the facial image data (a

‘spatial frequency calculating step). An estimated age is

calculated by substituting the intengities of the spatial
frequencies (powers or amplitude values) of the subject to
an equation {a regression equation or the like) or a model
(a prediction egquation} indicating a "relation between ages
and intensities of gpatial frequencies", as prepared in
advance (an age calculating step). The calculated
estimated age may be digplayed on a display or the like (an
age displaying step). In addition, the eguation or the
model may be updated by adding the estimated age calculated

in the age estimating process to the DB along with the
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intensities of the spatial frequencies (feed-back). This
is because the estimation accuracy incfeases by the update.
[0063] [2] Age Estimation Apparatus according to the
Invention

An estimation épparatus according to the invention
includes an intensity calculating unit that calculates
intensgities of spatial frequencies from facial image data
of a subject, a storage unit that stores age correlation
data indicating a correlation between ages and intensities
of spatial frequencies obtained from the facial image data,
an age calculating unit that calculates an estimated age of
the subject by matching the intensities of the‘spatial
frequencies calculated by the intensity calculating unit
with the age correlation data stored in the storage unit.
[0064] The estimation apparatus according to the
invention may be configured as follows, for example. The
following configuration is described as an example, and the
invention is not limited to the configuration of the
embodiment. Fig. 7 is a hardware block diagram
illustrating the estimation apparatus that estimates an
actual age or an impression age by appearance by using the
intensities of the spatial freguencies calculated from the
facial image, and includeg an input unit 1, a CPU (Central
Processing Unit) 2, a ROM (Read Only Memory) 3, a RAMA

{Random Access Memory) 4, a recording unit 5, an operation
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unit 6, and a display unit 7. The units are connected to
each other through buses.

The intensity calculating unit and the age
calculating unit is implemented by the CPU 2. In addition,
the storage unit is implemented by the ROM 3.

[0065] The input unit 1 is a device to input facial
image data, such as a digital camera, a digital microscope,
a digital video camera, or a scanner. The CPU 2 performs
processesg guch ag preparing a grayscale image data
(brightness data), calculating the intensities of the
spatial frequencies by a FFT process, and calculating an
estimated age by using equations or models (age correlation
data) indicating a relation between the ages (the actual
ages or the impression ages by appearance) and the
intensgities of the spatial frequencies by programs stored
in the ROM 3. The ROM 3 stores programs required to
coperate the age estimation apparatus according to the
invention, and various equations and models required for
the age estimation (age correlation data). The ROM 3 may
further store a database reguired to prepare the eguations
and the models. ThelRAM 4 temporarily stores an OS
(operating system) programs or various application programs
executed on the CPU 2. The recoxrding unit 5 includes
magnetic disk device and the like, and is used as an

external memory of the RAM 4. The operating unit 6 is

4z



10

15

20

25

operated, for example, at the time of inputting necessary
data such as a certain command, equations, and models. The
displaying unit 7 may employ any configuration that can
display an age estimation result, for example, a display
device such as a CRT {(Cathode Ray Tubu}, or a liguid
crystal display, an audio output device such as a speaker,
a printer, and the like.
[0056] {3] RAge Estimation Program according to the
Invention

An estimation program according to the invention
caus&ég a computer, other devices, other wmachines, and the
like to function as an intensity calculating unit that
calculates intensities of spatial frequenciesg from facial
image data of a subject, a storage unit that stores age
correlation data indicating a correlation between ages and
intengities of spatial frequencies obtained from the facial
image data, and an age calculating unit that calculates an
estimated age of the subject by matching the intensities of
the spatial freguencies calculated by the intensity
calculating unit with the age correlation data stored in
the storage unit. In addition, the program according to
the %ﬁvention may be stored in computer readable storage
media,
[0067] [4] Sex Determination Method according to the

Invention
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A sex determination method according to the invention
may include determining a sex of a subject from facial
image data of a subject based on a correlation between
sexes and intensities of gpatial frequencies obtained from
the facial image data. The correlation isg preferably
indicated by an equation or a model.

The equation or the model is preferably a
discriminant function.

[o068] The facial image data, an acguiring method
thereof, a definition of the intensities of the spatial
frequencies, and a calculating method thereof used in the
sex determination method of the invention are as described
in the age estimation method.

[6069] In the invention, the sex of the subject is
determined based on the correlation between the sexes and
the intensities of the spatial frequencies obtained from
the facial image data, from the intensities of the spatial
ﬁrequencies.obtained from the facial image data of the
subject whose sex is to be determined by the method
degcribed above.

Any intensity of a spatial frequency may be used as
the spatial frequency used for the determination. Among
them, the gpatial frequency preferably belongs to a
frequency range of 100 to 250 cycles/image-width, and more

preferably belongs to a frequency range of 150 to 200
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cycles/image-width. As illustrated in Example 4 described
later, thig is because the difference of the intensities of
the spatial frequencieg in the high freguency range cleaxly
explains the sex difference.

[G0O70] In addition to the high frequency range, it is
preferable to use the intensities of the spatial
frequencies in a low freguency range of 1 to 50
cycles/image-width since the determination is performed
with a higher degree of accuracy. According to this, the
sex difference that is not indicated in the high frequency
range may be added.

The correlation between the sexes and the intensities
of the spatial frequencies obtained from the facial image
data may be calculated in advance by multivariate analysis
such as discriminant analysis.

Hereinafter, a method of calculating the correlation
will be described with an example of using the intensities
of the spatial freguencies obtained from image data of an
entire face.

(0071] (1} Calculation of Intensity of Spatial
Frequency

Intensities of spatial frequencies are calculated
from facial image data having a plurality of people. The
intensities of the spatial frequencies are calculated as

described above.
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{0072] (2) Preparation of Database (DB)

In order to calculate the correlation, a database
(DB} iﬁ which sexes and intensities of spatial freguencies
are associated with each other is prepared.

The DB that‘indicates the relation between the sexes
and the intensity of the spatial frequencies, and that is
arranged in advance for preparing an equation or a wodel
preferably has the same population distribution to each age
group. In addition, the population 5f the DB is at least
50 or more, preferably 100 or more, and more preferably 500
or more. When the structure of the DB is a matrix form,
for example, people may be input in rows, and the sex may
be input to the column items. The sex may be input as a
gex grouping variable. According to this, the correlation
may be indicated by a discriminant function.

In addition, the column item may further include
impression ages by appearance and actual ages of people
capturéd in the facial images so that the DB may be also
incliuded for estimating an actual age as described above.
[0073] (3) Preparation of Equation or Model

An equation or a model indicating a correlation with
sexes and intensities of gpatial frequencies may be
prepared by substituting the ages in the estimation of the
age into the sex grouping variables in the same manner.

That is, the equation obtained by analyzing the sex
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grouping variables and the intensities of the spatial
frequencies by multivariate analysis may be used. Since an
external standard which ie a sex group is qualitatively
given, multivariate analysis is preferably discriminant
analysig, a neural network, or the like. In Example 4 as
to be described below, the present invention has a very
practical technical characteristic of determining the sex
with a high degree of accuracy only by using the spatial
frequencies without an age as an explanatory variable of
the digcriminant function.

{0074] It is preferable to use intensities of spatial
frequencies that belong to a freguency range of 100 to 250
cycles/image-width, and preferably of 150 to 200
cycles/image-width as intensities of spatial frequencies
which are explanatory variables in the equation or the
model obtained as described above. According to this, the
gsex difference wmay be determined accurately. Further, in
addition to the high frequency range, it is preferable to
use the intensities of the spatial frequencies in the low
Frequency range of 1 to 50 cycles/image-width. According
to this, a determination may be performed more accurately
by adding a factor explaining the sex difference that is
not indicated in the high frequency range.

[0075] (4) Sex Determination

A sex determination ig performed by applying the
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intensities of the spatial frequencies from the facial
image data of the subject to the equation or the model that
indicates the correlation between the intensities of the
spatial frequencies and the sex grouping variable obtained
as described above. The application includes matching
numerical values to a model in addition to substituting
numerical values to the equation.

According to this, the sex grouping variable may be
calculated, so the sex may be determined by the sex
grouping variable.

{0076] In the sex determination method according to
the invention, facial image data of a subject whose sex is
to be determined ig acquired, and a FFT processing is
performed on the facial image data to calculate the
intensities of the gpatial frequencies. The sex grouping
variable may be obtained by substituting the intensities of
the spatial frequencies (powers or amplitude values) of the
subject to an equation {(a discriminant function) indicating
a "relation between sex grouping variables and intensities
of spatial frequencieg", as prepared in advance. Based on
the obtained sex grouping variables, the sex may be
determined.

[0077] [8] Sex Determination Apparatus according to
the Invention

A determination apparatus according to the invention
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includes an intensity calculating unit that calculates
intensities of spatial frequencies from facial image data
of a subject, a storage unit that stores sex correlation
data indicating a correlation between sexes and intensities
of spatial ffequencies obtained from the facial image data,
and a sex determining unit that determines the sex of the
subject by matching the intensity of the sgpatial
freguencies éalculated by the intensity calculating unit
with the gex correlation data stored in the storage unit.
[0078] The determination apparatus according to the
invention may be configured like the age estimation
apparatus according to the invention as described above.
{0079] [6] Sex Determination Program according to the
Invention

A determination program according to the invention
causes a computer, other devices, other machines, and the
like to function as an intensgity calculating unit that
calculates intensities of spatial frequencies from facial
image data of a subject, a storage unit that stores sex
correlation data indicating a correlation between sexes and
intengities of spatial freguencies obtained from the facial
image data, and an sex determining unit that determines a
sex of the subject by matching the intensities of the
spatial freguencies calculated by the intensity calculating

unit with the sex correlation data stored in the storage
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unit. In addition, the program according to the invention
may be stored in computer readable storage media.

[0080] [7] Age Estimation Apparatus according to
Another Embodiment

Ag described above, both of an age estimation method
and a sex determination method according to the invention
use intensities of spatial frequencies obtained from facial
image data.

In addition, it is understood that a correlation
between ages and intensities of spatial fregquencies that
can used in the age estimation differs between male and
female.

Here, the age may be estimated with a high degree of
accuracy by determining a sex by a sex determination method
according to the invention, selecting the correlation
between ages and intensities of spatial frequencies
optimized for each sex based on the result, and performing
the age estimation method according to the invention.

[0081] An age estimation apparatus that executes this
estimation includes an intensity calculating unit that
calculates intengities of a spatial frequencies from facial
image data of a subject; a storage unit that stores sex
correlation data indicating a correlation between sexes and
intensities of spatial frequencies obtained from facial

image data, and male age correlation data and female age
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correlation data indicating correlations between ages and
intensities of spatial freguencies obtained from facial
image data by sex; a sex determining unit that determines a
gex of the subject by matching the intensities of the
spatial frequencies calculated by the intensity calculating
unit with the sex correlation data stored in the storage
unit; an age correlation data selecting unit that selects
the male age correlation data or the female age correlation
data based on the sex determined by the sex determining
unit; and an age calculating unit that calculates an
estimated age of the subject by matching the intensities of
the spatial frequencieg calculated by the intensity
calculating unit with the correlation data selected by the
correlation data gelecting unit.

In addition, a program may be provided to cause a
computer to function as these units.
[0082] Hereinafter, the invention is more specifically
described with examples as described below, but the
invention is not limited to the examples.
Example 1
{o083] <1l> Estimation of Female Age

(1) Preparation of Female DB with "Actual Age,
Impression Age by Appearance, and Intensity of Spatial
Freguency"

Facial images of 140 females (in the age of 18 to 82
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years, average age of 49.01 + 17.02 years) in the range of
30 cm x 30 cm are captured by using a digital camera. The
spatial frequency analysis ig performed on the images by
adjusting'brighthess of the images using Photoshop
(registered trademark) CS3 manufaétured by Adobe systems
Incorpeorated, obtaining grayscale image (see Fig. 1) data
of 1024 x 1024 pixels, and using the spatial frequency
énaly$is software manufactured by the company of the
inventors with MATLAB (registered trademark) manufactured
by The MathWork Inc (see Fig. 2). In order to evaluate an
impression age by appearance, by using standard pictures by
age groups prepared in advance (see Fig. 3), ages of A4d-
size printed materials of the grayscale images are
evaluated by 9 new recruits (5 males and 4 femaleg) who are
in the first year after the college Qraduation and do not
héve experiences in a faciallevaluation study, and 5
experts (2 males and 3 females) in a facial estimation
study. A mean value is adopted by excluding the maximum
value and the minimum value from the ages egtimated as
impression ages by appearance. In this manner, a female DB
with actual ages, impression ages by appearance‘(evaluation
of new recruits and evaluation of experts), and intensities
of spatial frequencies (powers or amplitude values) is
prepared.

[0084} {(2) Analysis of Characteristics of Female DB
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By using PASW (registered trademark) Statistics 17.0
manufactured by SPSS Inc., correlation'analysisAand cluster
analysis is performed on the female DB. According to:
Pearsén correlation coefficient (two tailed) between the
ages (the actual ages and the impression ages by
appearance) and the intensities of the spatiél frequencies
{see Fig. 4), it is understood that significantly high
aging information exists in a wide range {correlation
coefficient > 0.60) of 90 50‘360 (cycles/image-width). In
addition, frowm the dendrogram obtained by cluster analysis,
the spatial frequencies with similar change characteristics
in the intensity are classified into four spatial frequency
bands as follows. When aging information existing in the
respective bands is analyzed by increasing or decreasing
the intensities of the spatial frequencies in respective
band and changing the facial image daﬁa, agihg structure
information is unevenly distributed in each of the spatial
frequency bands, for example, information about tense
feelings or flabbiness exists in 0 to 50 (cycle/image-
width), information about deep wrinkles and face lines
exists in 50 to 100 (cycles/image-width), information about
fine wrinkles and the like exists in 100 to 200
(cycles/image-width), and further information about texture
or shiny feeling of the skin surface exists in 200 to 512

(cycles/image-width). In addition, since the uneven
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digtribution is presented in all the other DB groups, it is
understood that the fouxr spatial freguency bands presented
thereby can be respectively defined as bands that have
continuity. In addition, it is understooé ihat an
improvementAin estimating an age or the like is expected to
increase with a higher degree of accuraéy by selecting
appropriate freguencies from the respective spatial
frequency gréups or by performing a combination thereof.
[p085] “‘ k3)"Preparation of Equation Indicating
"Relation between Actual Ages and Intensity of Spatial
Freguencies or between Impression Ages by Appearance and
Intensities of Spatial Freguency” |

Multiple regressgion analysié (stepwise method) ism

performed on the female DB with actual ages and impression

ages by appearance as obljective variables, and with spatial

frequencies (f) as axplanator? variables by using SPSS
(registered trademark) 15.0J manufactured by SPSS Inc. As
a result, the equations (1) and (2), that is, examples of
the multiple regression equation estimating an actual age
and an impression age by appearance (evaluation by new
recruifs) are provided. In Eguation 2, it is understﬁod
that eight explanatory variables are selected from four
spatial freguency band groups, so the age may be estimated
correctly by selecting appropriate freqguencies from the

respective spatial frequency groups. Fig. 8 is a graph
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indiéating“correlations {a calibratiéﬁ curve) between the
impressibn aQes by appearance (evaluation by the new
recruits) and the estimated ages (the prediéted‘values)
estimated by the equation (2). In addition, when the
evaluators of the impression age by appearance are
substituted from the new recruits to the experts, the
multiple cerrelation coefficient (R) of the prediction
equation increases to .0.937, so it is understood that the
impression age by appearance may be estimated with a higher
degree of accuracy.
[0086] <Estimated Value of Actual Ages> = £132 x B4.220
+ £38 x {-52.441) + £155 x 43_.123 + £3 x (-18.802) + f102 x.
46.773 - 124.562 e {1

Multiple Correlation Coefficient (R) = 0.863

* ﬁ132, £38, fis5, £3, and £102 are logarithmic
scales of powers of the $patiai frequencies.

<Estimated Value of Impression Age by Appearance
(Bvaluation of New Recruit)> = £3 x (-16.407) + £35 x (-
42.423) + £36 (-37.139) + £43 x 43.577 + £53 x 14.451 +
£132 x 96.466 + £142 x 65.208 + £242 x 19.649 - 198.272

{2)

Multiple Correlation Coefficient (R) = 0.881

* £3, £35, £36, f£43, £53, £132, £142, and £242 are
logarithmic scales of powers of the spatial fregquencies.

(00871 (4) Estimation of Actual Age and Impression Age
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After intensities of spatial frequencies froﬁ facial
images of eight female tesgt examinees (Subjecté) to be
estimated (in the average age of 43,1 years) are obtained,
actual ages and impreésion ages by apbearance {evaluation
of new recruits) are estimated by using the multiple
regression equations (1) and (2) calculated és described
above. In addition, in the case of using the impression
ages by appearance evaluated by the experts, the estimation

is performed by calculating the regressgion equation in a

similar manner. The results are ligted in Table 1 (Exrror =

Estimated Age - ({(Actual Ageé or Impression Age by
Appearance)). According to this, it ig understood that
actual ages and impreséion ages by appearance may be.
estimated with a high degree of accuracy. In addition, it
is understood that it is preferable to use the multiple
regression eguation foi estimating impression ages by
appearance in terms of accuracy, and it is preferable to
use impression ages by appearance evaluated by the experts
in terms of a higher degree of accuracy.

[oogg]
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[Table 1]

[0089]

Exrror Error
- ~ (Impression (Impression
No. Actual Age EIIOLA (rctual Age by Age by
ge) - A . .
ppearance Appearances
New Recruit) Expert)
1 20 1.7 1.2 0.9
2 25 ~2.3 -2.0" ~1.2
3 32 2.1 1.1 0.4
4 38 -4.3 ~3.1 ~1.4
5 44 6.1 ~2.0 -1.6
6 153 5.4 2.2. 1.5
7 62 -2.6 -1.8" -1.8
8 71 4.5 3.3 2.4
Example 2
<2>» Estimation of Male Age

The same review of the Example 1 is performed by

substituting females to males, to prepare a male DB, to

analyze the characteristic of the DB, and to prepare an

equation indicating the "relation between the actual ages

and the intensities of the spatial frequencies”.

(1) Preparation of Male DB with "Actual Age and

Intensity of Spatial Frequency"®

As to 139 males (in the age of 18 to 84 years,

average age of 51.51

e

17.83 years), a DB with actual ages

and intensities of spatial freguencieg {(powers and band
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[0090] (2) Analysis of Characteristic of Male DB
Correlation analysis and cluéter analysis are
pgrformed on the méle DB in the same manner. .Accérding to
Pearson correlation coefficient (two tailed) between the
actual ages and the intengities of the spatial frequencies
(see Fig. 5), it is understood that high aging information
exists in a range (correlation > 0.60) of 60 to 240
(cycles/image-width). By interpreting the dendrogram, it
ig presented that aging structure information is unevenly
distributed per spatiél frequency band as presented in the
female DB. By comparing the DB of both sexes, the
difference pregented in Figs. 4 and 5 1s recognized. That
is, it is inferred that the difference in the low and
medium frequency ranges (20 to 100 cycles/image-width} is
caused because a rapid change of a male in an aging
gstructure such as tension orlﬁlabbiness is more noticeable
than that of a female, and the difference in the high
frequency range (200 cycles/image-width or more) is caused
because the skin texture (rough féeling, fineness in
texture) of a male is worse than a female regardless of age

and a change of a male in an aging structure is hardly

noticeable.

That is, it is understood that in case of a male, it

ig effective to use the band of about 0 to 200
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cycles/im&ge—wi&th for estimating an age. In addition,
like the analysis of the female DB, it is understood from
the intergretation of the dendrogram, that different aging
information exists in bané ranges of 0 to 50 cycles/image-
width, 50 to 100 cycles/image-width, 100 to 150
cycles/imaée%width, and 150 cycles/image-width or more.
{0091} {(3) Preparation of Equation Indicating
"Relation between Actual Age and Intensity of Spatial
Frequency"

Multiple regression analysis (stepwise method) is
performed on the wale DB of Example 2 with actual ages as
objective variables, and with spatial frequencies (f) as
explanaiory variableg by using SP8S (registered trademark)
15.0 manufaétured by SPS8S Inc. As a result, the eguation
(3), an example of the multiple regression equation for
éstimating an actual aée is expressed as follows.

[06092] <Estimation Value of Actual Age> = £135 x 80.839
+ £85x (-23.510) 4+ £3 x (-10.595) + f£105 x 64.765 -~ 164.187
(3)

Multiple Correlation Coefficient (R} = 0.79%94

* £135, f5, £3, and £105 are logarithmic scales of
powers of the spatial frequencies.

[0083] (4) Estimation of Actual Age
Like a female age estimation method, an actual age is

estimated by using Multiple Regression Equation (3)
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calculated as described above, after the intensities of the
spatial frequencies are obtained from facial image data of
five male test examinees {(subjects} to be estimated (an
average age of 40.8 years). The results are listed in.
Table 2 (Error = Estimated Age - (Actual Age)). According
to this, it is understood that the actual age is estimated

with a high degree of accuracy.

[0094]

[Table 2}
| No. : Actual Age Error
1 21 1.9
2- - |28 -2.2
3 36 2.0
4 53 -5.1
5 66 4.6
Example 3

[0095] <3> Makeup Effect on Impression Age by
Appearance

The effect of makeup on an impression age by
appearance 1s considered according to the invention. That
is, after the process of Example 1 is performed on the bare
faces and the makeup faces of two females (in the age of 50
and 62 years) to calculate the spatial fregquencies, the
multiple regression eqguation (2) for estimating an
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impression age by appearance is applied to calculate the
impression ages by appearance evaluated from the bare faces
and the makeup faaés. When the age‘arrors of the makeup
faces from the baré faces as standards are calculated, it
is resulted that the age error of the 50-year-old female is
+0.7 vears to present that the appearance hardly changes,

while the age error of the 62-year-old female (see Fig. 9)

"is -9.8 years to present that the appearance looks much

younger, and it is understood that the calcuiation of the
impréssion age by appearance is a quantitative technigue
that i1g identical to the evaluation by the third party.
Further, since the makeup effect is evaluated from
grayscale images, the effect of the color and the
saturation by cosmetic materials is not reflected, but the
effect of the cosmetic materials on the aging structure may
be inferred quantitatively from the changes of the weights
of the explanatory variables (respective spatial frequency
bands from grayscale images) in the multiple regression
equation (2).
Example 4
[{0096] <4> Sex Determination (Determinéﬁion Egquation
and Discriminant Analysis Result)

As described in Example 1, images are obtained and
processed to obtain the intensities of the spatial

frequencies from the female DB in Example 1 (N = 140) and
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the male DB (N = 139) in Example 2. 7The items of sex
grouping variables are added to the DBs, and then
iscriminant analysies is performed by usging PASW
(regigtered trademark) Statistics 17.0 manufactured by SPSS
Inc. The obtained discriminant function (the determination
equation (4) and the determination result (Table 3 and Fig.
10} are presented as follows. It is understood that the
sex determination is performed with the accuracy of 9%0% or
more from Table 3 and Fig. 10. In addition, the
logarithmic scale of power of £173 influences mosp in the
determination egquation (4), but as described above, this is
caused by the sex difference in the change in the texture
of skin surface due to aging (see Figs. 4 and 5).
Therefore, it is understood that the skin texture is more
important than the formative change of the face (wrinkles
and flabbiness} in the sex determination. In addition,
according to this, it is inferred that a cheek, a forehead,
a nose, in addition to the entire face, are adequately used

for facial image data used in the sex determination.

[0097] <Linear Discriminant Functions = £3 x 1.564 + £6
X 3.340+f£7 x 3.141 + £41 x 0.669 + £173 x (-8.400) - 8.895
(4)
Canonical Correlation Coefficient (R) = 0.811

* £3, £6, £7, f41, and £173 are logarithmic scales of

powers of the spatial frequencies.
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[Table 3]
Sex Female Male Total
Original :
Freguency Female 126 14 140
Data
Original
' Frequency Male 11 128 139
Data
Original
: % Female 80 10 100
Data
Original
¥ Male 8 92 100
Data
Cross :
Frequency Female 124 16 140
Validation
Cross S
Frequency - Male 11 128 139
Validation
Cross
% Female 89 11 100
Validation
Cross.
% Male . 8 92 100
Validation %
L. i
Example 5
5 [0099] <5> Age Estimation by Using Color Image

(1) Preparation of DB with "Actual Age and Intensity
of Spatial Frequency"
Color images of 140 females (in the ages of 18 to 82
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years, the average age of 49.01 £ 17.02 yaais) in the range
of 30 cm x 30 cm are obtained by using a digital camera.
Spatial frequency analysis is performed on color images of
1024 x 1024 pixels b? using the spatial freguency analysis
software manufactured by the company of the inventors with
MATLAR (registered trademark) manufactured by The MathWork
Inc. B8ubseguently, a female DB with actual ages and
intensity of spatial-ffequencias is prepared.

[0100] (2) Analysis of Characteristic of DB -

Correlation analysis is performed on the female DB
with PASW (registered trademark) Statistics 17.0
manufactured by SPSS Inc. As a result, the correlation
coefficients of B‘and R channels are different from the
correlation of the spatial frequencies obtained from the
monochrome image data. That is, the correlations of B
channel teﬁd to be higﬁ in the band of 50 to gso
cycles/image-width. In addition, the correlations of the R
channel tend to be high in the band of 0 to 50
cycles/image-width.

When the images are changed by changing the powers of
the bands of the channels, it is understood that the
information on freckles exists in the range of the B
channel.

[0101] (3) Preparation of Equation Indicating "Actual

Age and Intensity of Spatial Freguency"
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Multiple regression analysis (stepwise method) is
performed on the DB with actual ages as cbjective variablgs,
and Withlapatial frequencies (f) as explanatory variables
by using PASW {registered trademark) Statistics 17.0.3 to
obtain a multiple regression equation.

As a result, the intensities of the spatial
frequencies belonging to 100 to 150 cycles/image-width of
the B channel have the highest correlation coefficients. -
The intensities of the gpatial frequencies are selected
from all the RGB channels as explanatory vafiables.

Fig. 11 is a graﬁh indicating correlations (a
calibration curve) between actual ages and estimated ages

{prediction valuesg) estimated by the obtained multiple

- regression equation. It is understood that the multiple

correlation coefficient (R) is 0.945, agd the actual age is
estiméted with an extremely high degree of accuracy.
Example 6

[o102] <6> Age Estimation by Using Lip Image

(1) Preparation of DB with "Actual Age and Intensity
of Spatial Frequency"

The facial images of 140 females (in the ages of 18
to 82 years, the average age of 49.01 + 17.02 years) are
obtained by using a digital camera. The color images of
1024 % 1024 pixels for interpretation is prepared by

overlaying mask lavers for extracting lip portions from the
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facial images. Spatial freguency analysis is performed on
four types of the image data obtained from the color images
that are image data from the RGB channels and the

monochrome image data obtained by brightness conversion by

‘ugling the spatial frequency analysis software manufactured

by the company of the inventors with MATLAB (registered

trademark) manufactured by The MathWork Inc. Subseguently,

a DR with actual ages and intensities of gpatial

frequencies (powers and amplitude values) 1s prepared.
[0103] (2) Analysis of Characteristic of DB

Correlation analysis is performed on the DB by using
PASW (registered trademark) Statistics 17.0 manufactured by
SPSS Inc. As a result, a tendency that the corfelation
coefficients of the B channel are different from the
correlation of the spatial frequencies obtained from the
monochrome image data is found. That is, the coirelations
of B channel are especially high in the band of about 170
to 180 cycleg/image-width where the correlation is
generally high. According to this, it is understood that
the important aging information on lips is included in"the
band of 150 to 200 cycles/image-width of the B channei?

In addition, cluster analysis ig performed on the
spatial frequencies of the monochrome image. The
conditions are Ward's method, squared Euclidean distance

and z-scores (per variables). As a result, the spatial
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frequencies are classified into four ranges ©f 0 to 40
cycles/image-width, 40 to 100 cycles/image-width, 100 to
240 cycles/image-width, and 240 to 512 cycles/image-width.
When aging information existing in the respective bands is
analyzéd by increasing or decreasing the intensities of the

spatial frequencies in the bands and changing the facial

~image, it is understood that aging information rarely

exists in the range of 240 to 512 cycles/image-width.
fo104] - (3) Preparation of Equaiion Indicating
"Relation between Actual Age and Intensity of Spatial
Frequency"

Multiple regression analysis (stepwise method) is
performed on the DB with actual ages as objective variables,
and with spatial freguencies (£) as explanatory variables
by using PASW (registered trademark) Statistics 17.0
thereby obt&ining a multiple regression equation.

 as a result, a plurality of the intensities of the
spatial freguencies belonging to 1 to 200 cycles/image-
width of the R and B channel are selected as explanatory
variables. Among them, the intensities of the spatial
frequencies belonging to 170 to 180 cycles/image-width of
the B channel have the highest correlation coefficients.

Fig. 12 is a graph indicating correlations (a
calibration curve) between actual-ages‘and estimated ages

(prediction values) estimated by the obtained multiple
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regression equation. It is understood that the multiple
correlation coefficient (R) is 0.848, and the actual age is
estimated with a high degree of accuracy.

Example 7

[0105] <7> Age Estimation by Using Cheek Iﬁage

(1) Preparation of DB with "Actual Age and Intensity
of Spatial Freguency"

The facial images of .140 females (in the ages of 18
to 82 years, the average age of 49.0i * 17.02 years) are
obtained by using a digital camera (see Fig. 1}. The color
image data of 1024 % 1024 pixels for interpretation is
prepared by ovérlaying mask layers for extracting cheek
portions from the facial images. Spatial frequency
analysis is performed on four types of the image data that
are image data from the RGB channels and the moncchrome
image data obtained by brightness conversion by using the
spatial frequency analysis software manufactured by the
company of the inventors with MATLAB {registered trademark)

manufactured by The MathWork Inc. Subsequently, a DB with

~actual ages and intensities of spatial freguencies is

prepared.

[02106] {(2) Preparation of BEguation Iﬁdicating
"Relation between Actual Age and Intensity of Spatial
Freguency" |

Multiple regression analysis (stepwise method) is
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performed on the DB with actual ages as objective variables,
and with spatial fregquencies (f) as explanatory variables
by using PASW (registered trademark) Statistics 17.0
thereby obﬁaining a multiple reéression equation. Ag a
result, a plurality of the intensities of the spatial
frequencieé belongiﬁg to 1 to 200 cycleg/image-width of all
the RGB channel are selected as explanatory variables.
Among them, the intensities of the spatial frequencies
bez.ongiﬁg to 150 to 170 cycles/image-width of the B channel
have the highest correlation coefficients.

Fig; 13 is a graph indicating correlations
(calibration curve) between actual ages and estimated ages
{prediction values) estimated by the obtained multiple
regregasion equation. It is understood that the multiple
correlation coefficient (R} is O. 846, and the actual age
is estimated with a high degree of accuracy.

10107} From the results of the Examples 6 and 7, it is
understood that the age may be estimated with a high degree
of accuracy by using the portions of the face such as lips
and a cheek. It ié also understood that the spatial
freqguency bands that ﬁavé aging information change
according to the portions, but the bands may be specified
by performing correlation analysis. According to this, it
is understood that the age may be estimated by using a

certain portion of the face that may change according to
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INDUSTRIAL APPLICABILIT?

[0108] The technology for estimating an age according
to the invention may be used in evaluating the effects of
esthetic treatmenﬁs, skin care, makeup, health foods,
cosmetic surgeries, or the iike, and in advices or
counseling with the evaluation result. In addition, the
teqhnique for'estimating an age or determining a sex may be
widely used in a system for monitoring liquor, cigarettes,

or the like or as marketing information.
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CLATIMS
1. An age egtimation method comprising:
estimating an age of a subject from facial image data of
the subject based on a correlation between ages and intensities
of spatial frequencies obtained from facial image data,
wherein the spatial frequencies belong to a plurality of

different spatial frequency bands.

2. The age estimation method according to claim 1, wherein
the correlation are expressed by an eguation or the model,
and the method comprising:
obtaining an estimated age of the subject by applying the

intensities of the spatial frequencies from the facial image

data of the subject to the equation or a model.

3. An age estimation method comprising:

acquiring facial image data of a subject;

calculating intensities of spatial frequencies from the
acquired facial image data; and

calculating an estimated age of the subject by applying
the calculated intensities of the spatial frequencies to an
equation or model that is obtained in advance and expresses a
correlation between ages and spatial frequencies obtained from
facial image data,

wherein the spatial frequencies belong to a plurality of

different spatial frequency bands.
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4. The age estimation method according to

claim 2 or 3,

wherein the equation i1s a multiple regression equation

obtained from multiple regression analysis or a prediction

equation obtained from PLS.

5. The age estimation method according to
to 4,
wherein the facial image data is image

of a face or an entire face.

6. The age estimation method according to
to 5,

wherein the age is an actual age or an
appearance.
7. The age estimation method according to
to 6,

wherein the facial image data is color

any one of claims 1

data of a portion

any one of claims 1

impression age by

any one of claims 1

image data, and the

intensities of the spatial frequencies include combinations of

the intensities of the spatial freqguencies calculated from a

plurality of color channels.

72



10

15

20

25

8. The age esgtimation method according to any one of claimg 1
te 7,

wherein the spatial frequency bands are low frequency band
of 50 cycles/image-width or less and high frequency band of
larger than 50 cycles/image-width.
9. The age estimation method according to any one of claims 1
to 8,

wherein the spatial frequencies that belong to the spatial
frequency bands preferably have a difference of 10 cycles/image-

width or more.

10. The age egtimation method according to claims 1 to 9,

wherein the subject is a female,

the correlation is a correlation between ages and
intensities of gpatial frequencies obtained from facial image
data of entire faces of females, and

the spatial frequencies include at least four spatial
frequencies that belong to respective spatial frequency bands as
follows:

0 to 50 cycles/image-width;

50 to 100 cycles/image-width;

100 to 200 cycles/image-width; and

200 cycleg/image-width or more.
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11. The age estimation method according to claims 1 to 9,

wherein the subject is a male,

the correlation is a correlation between ages and
intensities of spatial frequencies obtained from facial image
data of entire faces of males, and

the spatial frequencies include at least four spatial
frequencies that belong to respective spatial frequency bands as
follows:

0 to 50 cycleg/image-width;

50 to 100 cycles/image-width;

100 to 150 cycles/image-width; and

150 cycles/image-width or more.

12. The age estimation method according to any one of claims 1
to 9,

wherein the correlation is a correlation between ages and
intensities of spatial frequencies obtained from image data of
lips,

the spatial frequencies include at least three spatial
frequencies that belong to respective spatial frequency bands as
follows:

0 to 40 cycles/image~width;

40 to 100 cycles/image-width; and

100 cycles/image-width or more.
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13. An age estimation apparatus comprising:

an intensity calculating unit that calculates intensities
of spatial frequencies from facial image data of a subject;

a storage unit that stores age correlation data expressing
a correlation between ages and intensities of spatial
frequencies obtained from facial image data; and

an age calculating unit that calculates an estimated age
of the subject by matching the intensities of the spatial
fregquencies calculated by the intensity calculating unit with
the age correlation data stored in the storage unit,

wherein the spatial freguencies belong to a plurality of

different spatial frequency bands.

14. An age estimation program causing a computer to function
as:

an intensity calculating unit that calculates intensities
of spatial frequencies from facial image data of a subject;

a storage unit that stores age correlation data that
expresses a correlation between ages and intensities of spatial
frequencies obtained from the facial image data; and

an age calculating unit that calculates an estimated age
of the subject by matching the intensities of the spatial

frequencies calculated by the intensity calculating
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unit with the age correlation data stored in the storage unit,

wherein the spatial frequencies belong to a plurality of

different spatial fregquency bands.
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15. An age estimation apparatus according to claim 13 further
comprising:

a storage unit that stores sex correlation data indicating
a correlation between sexes and intensities of spatial
freguencies obtained from facial image data, and male age
correlation data and female age correlation data indicating
correlations between ages and intensities of spatial freguencies
obtained from facial image data by sex;

a sex determining unit that determines a sex of the
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subject by matching the intensities of the spatial frequencies
calculated by the intensity calculating unit with the sex
correlation data stored in the storage unit;

an age correlation data selecting unit that selects the
male age correlation data or the female age correlation data
based on the sex determined by the sex determining unit; and

an age calculating unit that calculates an estimated age
of the subject by matching the intensities of the spatial
frequencies calculated by the intensity calculating unit with
the correlation data selected by the correlation data selecting

unit.
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AGE ESTIMATION METHOD AND GENDER DETERMINATION METHOD

ABSTRACT

Disclosed are novel techniques for high-precision sex
determination and age estimation using facial images. The
disclosed age estimation method includes: a step in which
facial image data of a subject is acquired; a step in which
spatial freguency intensities are calculated from the
acquired facial image data; and a step in which the
estimated age of the subject is calculated by applying the
calculated spatial freguency intensities obtained from the
facial image data.

Figure 6
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