DESCRIPTION AGE ESTIMATION METHOD AND SEX DETERMINATION METHOD TECHNICAL
FIELD 5[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 10 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 15[0002]Not only women but also all the people
desire to remain young. For this reason, th&®S4\akeHE cosmetic means, such as esthetic

treatments, basic skin care products, makeup products, special makeug he%!%]Tgé S, Or cosmetic
surgeries. 200bjRERvE VAT B tHe hfg‘@%e%%ly‘gﬁg SRVt 64 P er words, objective

e, In
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 25
cosmet!c re%{ggﬁfcmﬁ Flilgﬂsver, fo_r example, in order to e\(aluate the effect of gsthetlc treatments or
cosmetic matérials, when an impression age by appearance is used, the impression age by

appeaganceygy pe infuekicec bycbhefifferepce arong 8 xeliatys apbelgen sexes, so there is a

problem in that the reproducibility of the evaluation may not be obtained.
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

10 estimation method, an age estimation apparatus, and an age
estimation program that use spatial frequencies, and a S€X
determination method, a sex determination apparatus, and a
sex determination program that use spatial frequencies.
BACKGROUND ART

15 [0002] Not only women but also all the people desire
to remain young. For this xéason, there are various
cosmetic means, such as esthetic treatments, basic skin
care products, makeup products, special makeup, health
foods, or cosmetic surgeries.

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

25 cosmetic materials.



The technique of estimating an age with good reproducibility is greatly needed in a wide variety of
fields starting from the evaluation of the effect on the 10 various cosmetic means such as esthetic
treatments and cosmetic materials as described above to verification of age or marketing for liquor,
cigarettes, and the like, a security system for confirming the characteristic of the face for security, and
the like. 15[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
eyes, the mouth, the nose, and the chin as a characteristic value has been known (Patent 20
Literatures 1 and Bpwe agititiohCan egesstifativh e8I that G385 8r8s b theeWhRKES or the
flabbiness has been known (Patent Literature 3). In addition, a technique of estimating the age change
based on tE e AfouFteiRERR Sd fHeeaiRtantePaEfE'SS FortiBREor e component parts

of the face (Patent Literature 4). [0004]In recent years, aeg%ordiﬁ% tc%_ the advance of image processing

and statistitBPARSSSThra8EsdMg FPRIRTIGN 15 the adlarce of imaging devices. thete has been 5 a

dramatc advance n a system fof montoring an (seoppiiop bysierya [acjglages on a computer
quickly an&%@%ﬁ%‘?&ﬁ recoﬁnlzmg an age group, a sex, and characteristics of the face, and

estimating the person. As examples of the.lechnology. fhere haye begn ppun 1Q,apage estimation

system by using values from an image process such as an edge process or a binary process which is

a charactefigtic amounscentained-p imagesdfarexample RateatLiteratuses S 6@ person
attribution estimation technology by using characteristic values (the
The technigue of estimating an age with good
reproducibility is greatly needed in a wide variety of
fields starting from the evaluation of the effect on the

10 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.

15 (o003} In view of the circumstanceg, 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 eyes, the mouth, the nose, and the
chin as a characteristic value has been known (Patent

20 Literatures 1 and 2). In addition, an age estimation
method that uses scores 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

25 portions or the component parts of the face (Patent



15 position, the shading, and the number of wrinkles) of characteristic 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 20 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 of the 25 portion and the like) is disclosed (for
example, Patent Literature 11). [0005]Meanwhile, recently, a technology focusing on spatial
frequenciebi it dd; Ertechhology focusing on the change of the texture characteristics of an image by
5 spatial cycles is developed. For example, a method of preparing a simulation image of skins
presenting WS texturdSa&&siding BIRE tharGeSbPLpdiat fefiEnaEY 7 Gt ciBsed (for example,

Patent Literature 9). The applicant of the invention discloses a technolog\é Slg of evaluating the effect

on the."thré@%ﬂﬁeﬂ&aﬁ‘ﬁﬁ 1 o?%qaéé:at’ﬁ%f S ake S Ras %%{Spéfﬁ)?mlng. %Sgtiaﬁz?req.uency pattern
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5 a dramatic advance in a gystem 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

10 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 5 and 6}, a person attribution
estimation technology by using characteristic values (the

15 position, the shading, and the number of wrinkles) of
characteristic 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
appiying dimension compression to an image based on a

20 perception age distance of a person as an evaluation
standard (for example, Patent Literature 8). 1In 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 of the

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

[C005] 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 freguencies is
disclosed (for example, 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).
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DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[6C07] The methods of estimating an age based on the
physical formation such as 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 disclosed in Patent Literature 3 only
focuses 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 people. In addition, there is a problem
in that it is difficult for the portion to be specified as

described above.



JP 2009-271885 A Patent Literature 7: JP 2008-282089 A 25 Patent Literature 8: JP 2010-113526

[ooo08] The technology disclosed in Patent Literatures
5 and 6 ig 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

5 technology disclosed in Patent Literature 8 ig to obtain an
estimated value close to the result perceived by that a
person based on the specific evaluation standard which is a
perception age distance. In addition, the technology
relating to Patent Literature 11 is to minimize the

10 estimation error based on the specific index of a degree of
similarity. These technologies are to minimize the
estimation error by preparing a plurality of standaxrds for
the calculation of any kind of age estimation.

In addition, the technology disclosed in Patent

15 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.
f0009] As described above, conventionally, the

20 characteristic values used in estimating an age or
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

25 processed value thereof. 1In addition, in the conventiocnal



A Patent Literature 9: JP 2004-283357 A Patent Literature 10: JP 2004-272849 A Patent Literature
11: JP 2005-165447 A 5 DISCLOSURE OF THE INVENTION PROBLEM TO BE SOLVED BY THE
INVENTION [0007]The methods of estimating an age based on the physical formation such as the
size of a portion of a face and the length between the portions as disclosed in Patent 10 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 15 the sensory evaluation as disclosed in Patent Literature 2 has a problem in that personal
differenced\afiRg &alGabaIgERIPhftREThEAgR fifhatibh. RFEFHtGN, S FRhethod of
estimating an age by using scores of wrinkles or flabbiness as disclosed in Patent Literature 3 only 20

focuses or-§fe Gl pURTbRSRVIRTE IRE Wiinkids drf FESBIREET " Cadify &R it is difficult to evaluate
there o a (YO 14 1 1€ BTTE o T1e BoRich 18 55 Spead Se o5 Cesribia aBSve. [000BIThe
techndog%gggbg§dggEggggé%gngu£ urality of standards to increase
5 estimation accuracy.
[0010] Therefore, the purpose of the invention is 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, the
10 purpose of the invention is 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.

15 MEANS FOR SCLVING PROBLEM
[c011] 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

20 correlations among ages and intensities of spatial
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

25 and characteristics of sex difference which relates to age



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 5 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 is a perception age distance. In addition, the technology relating to
Patent Literature 11 is to minimize the 10 estimation error based on the specific index of a degree of
similarity. These technologies are to minimize the estimation error by preparing a plurality of standards
for the calculation of any kind of age estimation. In addition, the technology disclosed in Patent
15 Literatuse Ziisactechnalngy 40 gettedscored nsed onedtimaticrnyenihe Basisoflaugertain condition
and to mainly focus on improving the accuracy of input data used in the estimation. [0009]As
described pboveseonieitidnalytrecg0 cHBnacterisiieevdloesnsed in Estimatimgian Egator determining
a sex by using a facial image is limited to the size of a portion of a face, the distance between portions,
the scorestifigicasiig HetAgmbefopRriakies bithe esidiliof Ihe ShadhgloTthe HoHBh of a face, or
the 25 processed value thereof. In addition, in the conventional method of determining an age or a
sex, in ordéff REreHRAMEBVERatBRG IR IS REBBISE T 1P prddess RFSrMidtor’for specifying

a plurality of portions of the face or ég ﬁare are a plurality of standards to increase 5 estimation

accurdcy. ROLOPHTETfdfe e puit feSfvenmiGh & s =<y =nd

reproducibility by using the intensities of the spatial

frequencies belonging to spatial frequency bands that are

closely related to the information on the aging structure

or characteristics of sex difference thereby completing the
10 invention.

Therefore, the invention is as follows.
fcoxz] The invention to sclve the problem relates to
an age estimation method including estimating an age of a
subject from facial image data of the subject based on a

15 correlation between ages and intensities of spatial
frequencies obtained from facial image data.

As described in an embodiment described below, since
intengities of spatial freguencies have a high correlation
with ages, an age of a subject may be estimated from facial

20 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

25 intensities of spatial frequencies obtained from the facial



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, the 10 purpose of the invention is 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. 15 MEANS FOR SOLVING PROBLEM [0011]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 20
correlations among ages and intensities of spatial frequencies obtained from facial image data, or
sexes and ihe triensities of thehepatiablyeqtiencies Heurtherzad anesult ahanalyziag the correlations,
the inventors found out that various kinds of information on aging structures 25 and characteristics of
sex difference whigh relatesstocage agtiatation amd &kexdetaminaibids Lineyenldistributed per
spatial frequency. Then, the inventors found out that the estimation of an age (an actual age or an
impressiorrage byaippeararie) aad thedekenfifdtiory ofthe KextRsy B 545dféinfed with a high
degree of accuracy and reproducibility by using the intensities of the spatial frequencies belonging to
spatial frediiPeY Bahdshat SrelddSely related to the information on the aging structure or
characteristics of sex difference thereby completing the 10 inv nti%n. Therefore, the inyention is as

follows. [00PATAE inventibh t8 SBRBYRETFShIERPISTARETS aR age Sstihiatioh-hathod #Eluding

estimating aanea%(?g gfl a asggj%%t frg{'_’qnf(z)a&i.a\rlﬂ(1:1ma%1 Qi‘ta %f tlt;g Su léeﬂg% %d ogt%%g cgg(:elation between
ages and intensities ot spatial f}lequenues dbtained from Tacia image ata.
obtaining facial image data of a subject;
calculating intensities of spatial frequencies from
the obtained facial image data; and

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

15 image data.

[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.

20 By uging the multiple regression equation or the
prediction eguation, 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,

25 the age may be estimated accurately even when the used

9



As described in an embodiment described below, since intensities of spatial frequencies have a high
correlation with ages, an age of a subject may be estimated from facial 20 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 25 intensities of spatial frequencies obtained from the facial 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. 5[0014]In a preferred embodiment of the
invention, thecdgel estitagtior method maysinclfiderthe fdliovend stepswof: ebtainig facialimage data of
a subject; calculating intensities of spatial frequencies from the obtained facial image data; and
10calculatmgfaarestimated age of the subject by applying the calculated intensities of the spatial
frequencies to an equation or a model that is prepared in advance and indicates a correlation between
ages and in@ehsities of spBhal fistirpeiaroitanelFroHitRe fdatid Ay ¢atd™[0015]In a preferred
embodiment of the invention, the equation is a multiple regression equation pbtained from multiple

regression®iiaifsls 88 Radictidn 8IS dBRinkfRdndigg) of an impression

5 age by appearance. When an actual age is estimated, a
correlaﬁion 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

10 may be used.
[0018] 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

15 plurality of color channels.

By using intensities of spatial freguencies
calculated from color chamnnels in combination, comparing
with the case of only using intensities of spatial
frequencies calculated from monochrome facial data

20 (brightness data), an age, especially an impression age by
appearance may be estimated (evaluated) with a high degree
of accuracy.

[ool9] In a preferred embodiment of the invention, the
spatial frequencies belong to a plurality of different

25 spatial frequency bands.

10



20By 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, 25 the age may be estimated accurately even
when the used facial image is an image of an entire face or a portion of a face. [0017]The invention
may be used in estimating an actual age and in estimating (evaluating) of an impression 5 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 betwe@vimpréssionkesriyeappdaiancednd e nsitésd ol sfatryneqoénsies 10 may be
used. [0018]In a preferred embodiment of the invention, color image data is used as the facial image
data, and frRlirrHsigs o7 thdSprRiafrktiercies ifdbide eshbitRbhsDf ifttRSIEESY spatial
frequencies calculated from a 15 plurality of color channels. B)flusing&ntensities f)f spatial frequencies

bands, an age may be estimated with a high degree o
accuracy.
5 [0020] In a preferred embodiment of the invention, the

‘spatial frequency 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

10 in low frequency band and high frequency band in
combination, information on different kinds of aging
structures may be used in combination, so the age may bé
estimated with a higher degree of accuracy.

[0021] In the case of using the different spatial

15 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.

20 [0022] In a preferred embodiment of the invention, the
subject ig a female, the correlation is a correlation
between ages and intensities of spatial frequencies
obtained from facial image data of entire faces of females,
and the sgpatial frequencies include at least four spatial

25 frequencies that belong to respective spatial frequency

11



calculated from color channels in combination, comparing with the case of only using intensities of
spatial frequencies calculated from monochrome facial data 20 (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 25 spatial frequency bands. 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. 5[0020]In a preferred embodiment of the invention, the spatial frequency bands are low
band of 50-eycfes/mragenlidiber:less and high band of larger than 50 cycles/imagewidth. By using the
intensities of the spatial frequencies 10 in low frequency band and high frequency band in
combination, inforfhattion oh differerr kintast-aghsd-Btructures may be used in combination, so the age
may be estimated with a higher degree of accuracy. [0021]In the case of using the different spatial 15
frequencies, these8patfal FRQuBHELS Hfiarasty HaTE R difference of 10 cycles/image-width or more.
According to this, information on different kinds of 31%%?7 structure may be used more effectively, so the

age may be estim&f2¥ with 2 Hgraicdésiéa™ a&curady o862 a preferred embodiment of the

invention, the subjgééis a f%[nal i}%{b&? %%qrvrvelatti%n iS a correlation between ages and intensities of
acfal im

spatia? frequencies tained 1o 5ge ata of entiré faces of females, and the spatial

frequencies includg at east four-3patial 25 fgquepgies 1t bslang, 19,resRscive spaial frequency
include information on aging structure specific to females
are used effectively, so the age may be estimated with a
high degree of accuracy.

10 (00231} In a preferred embodiment of the invention, the
subject iz a male, the correlation is a correlation between
ages and intensities of gpatial freguencies obtained from
facial image data of entire faces of males, and the spatial
fregquencies include at least four spatial frequencies that

15 belong to respective spatial frequency 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.

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

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

25 correlation is a correlation between ages and intensities

12



bands as follows: 0 to 50 cycles/image-width; 50 to 100 cycles/image-width; 100 to 200
cycles/image-width; and 5200 cycles/image-width or more. According 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. 10[00231In a preferred embodiment of the
invention, 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 15 belong to respective spatial frequency bands as
follows: 0 tof5Gpyalds/image-widih;-56 $0 AD0xynled/image-widty < Ofstosl SOfcyiclgsfimage-width; and
150 cycles/image-width or more. 20According to this, the spatial frequency bands that include
informatiomod aigiy stpadturelsgeciipEnmates dredisedeeftectiielysso terage srmthe éstimated with
a high degree of accuracy. [0024]In a preferred embodiment of the invention, the
frequencies that belong to respective spatial frequency
bands ag follows:
5 0 to 40 cycles/image-width;
40 to 100 cycles/image-width; and
100 cycles/image-width or more.
According to thig, from limited portions of lips, the
gspatial frequency bands that include information on aging
10 structure specific to the lips are used effectively, so the
age may be estimated with a high degree of accuracy.
[0025] In addition, the invention te solve the problem
relates to an age estimation apparatus including an
intensity calculating unit that calculates intensities of
15 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, and an age
calculating unit that calculates an estimated age of the
20 subject by matching the intensities of the sgpatial
freguencies calculated by the intensity calculating unit
with the age correlation data stored in the storage unit.
The age estimation apparatus according to the

invention may estimate the age from the facial image data

25 of the subject with a high degree of accuracy.
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25 correlation is a correlation between ages and intensities of spatial frequencies obtained from image
data of lips, and the spatial frequencies include at least three spatial frequencies that belong to
respective spatial frequency bands as follows: 50 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 10 structure specific to the lips
are used effectively, so the age may be estimated with a high degree of accuracy. [0025]In addition,
the invention to solve the problem relates to an age estimation apparatus including an intensity
calculating wiitéhat calculate ssinteinsitias, of e spatiad firetinancies fov éacialdmageldeda of a subject,
a storage unit that stores age correlation data indicating a correlation between ages and intensities of
spatial frequehetessolstairmead fegra the facialtinmagerdatgrand anagiremlculatimgputiethatecalculates an
estimated age of the 20 subject by matching the intensities of the spatial frequencies calculated by the
intensity caAletHatihgTNtsithErHROEorelaton datastbrst the stdrgelmicThet®e estimation

apparatus according to the invention may estimate the age from the facial image data 25 of the subject
WﬂhaIﬂ@?@&ﬁ%@%ﬁ%@%u@ﬁy?patlal frequencies from facial image data

5 of a subject, a storage unit that stores age correlation
data that indicates 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

10 the gpatial frequencies calculated by the intensity
calculating unit with the age correlation data stored in
the storage unit.

The age estimation program according to the invention
causes the computer to estimate the age from the facial

15 image data of the subject with a high degree of accuracy.
[0027] The invention to golve the problem relates 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

20 frequencies obtained from facial image data.

As described in the embodiment as described below,
since intensities of spatial frequencies have a high
correlation with sexes, a sex of é subject may be
determined from facial image data of the subject with a

25 high degree of accuracy.
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[0026]In addition, the invention to solve the problem relates to an age estimation program causing a
computer to function as an intensity calculating unit that calculates intensities of spatial frequencies
from facial image data 5 of a subject, a storage unit that stores age correlation data that indicates 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 10
the spatial frequencies calculated by the intensity calculating unit with the age correlation data stored
in the storage unit. The age estimation program according to the invention causes the computer to
estimate thepage from therfacial #2dnage cataabthei suhjectafitttadighdegreewf acchracy.
[0027]The invention to solve the problem relates to a sex determination method including determining
a sex of a subjeet fronciacios image dateeof the sabjesibasedonarcerrslatien betwddresexes and
intensities of spatial 20 frequencies obtained from facial image data. As described in the
embodimene#s @& sthised BEIONS ince ARl siSpatiaprEgueHeestigve a high correlation with

sexes, a sex of a subject may be determined from facial image data of the subject with a 25 high
degeeofé@&ﬁﬁ@%ties of the spatial frequencies from the facial

5 image data of the gsubject 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
10 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
frequencies belong to bands from 100 to 250 cycles/image-

15 width.

By using the intensities of the sgpatial frequenciesg
in the bandsg, the sex may be determin@d with a high degree
of accuracy by effectively using information on structures
that present differenceg between sexes.

20 [0031} In a preferred embodiment of the invention, the
sex determination method includes the following steps of:
acquiring facial image data;

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

25 acquiring a sex grouping variable by applying the
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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 intensities of the spatial frequencies
from the facial 5 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 10 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 frequencies
belong to kanbsdterm <D 0itot2bsdyclestimage:Hb wigitial Byagingthédrtensities of the spatial
frequencies in the bands, the sex may be determined with a high degree of accuracy by effectively
using inforfation onistaudturBsithat presehedifférerresizatwden 8erey R0fE03Th a preferred
embodiment of the invention, the sex determination method includes the following steps of: acquiring
facial |magbft$b1t§atescélc€u%ﬂf e iatehsifie b oF $p&tial TrsE USHeiEs ¥is TR A8kdifed Rithl image data;

25acquiring a sex groupin varlableb applying the
d %he 1n%engléges of Kepgg;é{al frequencies obtained from

5 the facial image data; and
determining a sex based on the obtained grouping

variable.
[0032] In addition, the invention to solive the problem
relates to a sex determination apparatus including an

10 intensity calculating unit that calculates intensities of
spatial frequencies 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 frequencieg obtained from the facial image data,

15 and a sex determining unit that determines a sex of the
subject by matching the intensities of the spatial
fregquencies calculated by the intensity calculating unit
with the sex correlation data stored in the storage unit.

The sex determination apparatus according to the

20 invention determines the sex from the faclal image data of
the subject with a high degree of accuracy.
[0033] In addition, the invention to solve the problem
relates to a sex determination program causing a computer
to function as an intensity calculating unit that

25 calculates intensities of spatial frequencies from facial
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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 intensities of the spatial
frequencies obtained from 5 the facial image data; and determining a sex based on the obtained
grouping variable. [0032]In addition, the invention to solve the problem relates to a sex determination
apparatus including an 10 intensity calculating unit that calculates intensities of spatial frequencies
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 frequencies obtained from the facial image data,
15 and a semalpterdanmgamitthatbeermines & sex 8ftheusubijedtiBytmatohiregsthesintensities of the
spatial frequencies calculated by the intensity calculating unit with the sex correlation data stored in
the storag€ oniteiiad sex détdrmindubrrappdrans SbEGihg td oie PO RSioA YEtENARES the sex
from the facial image data of the subject with a high degree of a,ccurac%/. [0033]In addition, the
invention tb2eRRShE IR6bRM fdalesdd dfSSAYSBMFRLIGRA Hddrarh L&Ming adputer to function
as an intensity calculating unit that 25 calculates jntensities of spatial fgfqgencies frong1 facial image
data of a SHBREE £&bfag it that Sfords Sek Rorriidtiol tata datitiy & cOrrafifioR between sexes
and infensiteg of spaifal ieguencies.sPianedhfion fasial imads, dae:and gseygetermining unit that
gspatial frequencies calculated by the intensity calculating
unit with the sex correlation data stored in the storage
unit.
The sex determination program according to the
10 invention causes the computer to determine the sex from the
facial image data of the subject with a high degree of
accuracy.
[0034] In addition, the invention to solve the problem
relates to an age estimation apparatus including an
15 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 sex and intensities of spatial
frequencies obtained from facial image data, and male age
20 correlation data and female age correlation data indicating
correlationg 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

25 calculated by the intensity calculating unit with the sex
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5 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 program
according to the 10 invention causes the computer to determine the sex from the facial image data of
the subject with a high degree of accuracy. [0034]In addition, the invention to solve the problem relates
to an age estimation apparatus including an 15 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 malerage: 20 eorréidimnedaiasthdifentdie agé eoratationidata atiédtthg correlations
between ages and intensities of spatial frequencies obtained from facial image data by sex, a sex
determiningfmahatderrited £8é%6F HeSsubidd by hatchiighesnteiRitR & tRESpatial
frequencies 25 calculated by the intensity calculating unit with the sex correlatio data(;tored in the
storage unft®aA &R correldftrfdata s@?cti%%%hﬁ?gelggéﬁﬁ%?ﬁél@%g(gagoa}rg?gﬁéan data or the
kgg the sex determ'nin%HQita%nd an 5 age

calculatingot?nifc Gt Earcufates an estimated age of the St?bjegt 3"yn"rarfz;i chlfrﬁlglt e intensities of the

spatia requenciescaisRted Py ednianslly caipulainod Lt e garelation daigeselected by the
correlation data selecting unit”10Since the age estimation apparatus according fo the invention
estimates the.age, By UsingsPrielation datagansideriogaging strugtures-specific torthe sex depending

on the sex determination result, the age may be estimated with an extremely high degree of accuracy.
15 EFFECHQEJdi INKENT1@N ated by the intensity calculating unit

female age correlation da Qg%%d onéh%seé gterm}i{ne&j

with the correlation data selected by the correlation data
gelecting unit.

10 Since the age estimation apparatus according to the
invention egtimates the age by using correlation data
considering aging structures specific to the sex depending
on the sex determination result, the age may be estimated
with an extremely high degree of accuracy.

15
EFFECT OF THE TNVENTION
{0035] According to the invention, by using spatial
frequencies obtained from facial image data, an age (an
actual age or an impression age by appearance) may bé

20 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

25 effect of makeup or esthetic treatments or cosmetic
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(00351According to the invention, by using spatial frequencies obtained from facial image data, an age
(an actual age or an impression age by appearance) may be 20 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 25 effect of makeup or esthetic treatments or cosmetic materials may
be evaluated easily. BRIEF DESCRIPTION OF DRAWINGS [0036]Fig. 1 is a grayscale facial image of
1024 x 5 1024 pixels (a photograph as a substitute for a drawing). Fig. 2 is a graph indicating a
spectrum petternof Spatialifrégriencesusfithe facialimage (spatial frequencies versus logarithm of
power). Fig. 3 is a drawing illustrating examples of standard 10 pictures of the facial images for age
groups used for an impression age by appearance (a photograph substituted for a drawing). Fig. 4 is a
graph indicating correlation coefficients between logarithms of powers of spatial frequencies and 15

actual ageBt mBRIEEEBIdiRY t&EpRFdifrdiftencies. Fig. 5 is a diagram illustrating correlation

coefficients between logarithms of powers of spatial fre%uen_cies and actual a%es of males according to
SpaﬂalﬂeqUEHH%S. Fig. 1 is a grayscale facial image of 1024 x

5 1024 pixels (a photograph as a substitute for a drawing).
Fig. 2 is a graph indicating a spectrum pattern of
gpatial frequencies of the facial image {(spatial
frequencieg versus logarithm of power).
Fig. 3 is a drawing illustrating examples of standard
10 pictures of the facial images for age groups used for an
impression age by appearance (a photograph substituted for
a drawing) .
Fig. 4 is a graph indicating correlation coefficients
between logarithms of powers of spatial frequencies and
15 actual ages of females according to spatial frequencies.
Fig. 5 is a diagram illustrating correlation
coefficients between logarithms oﬁ powers of spatial
fregquencies and actual ages of males according to spatial
frequencies.
20 Fig. 6 is a diagram illustrating a process of an
egtimation 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

25 correlations between the impression age by appearance from
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20Fig. 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 25 correlations between the impression
age by appearance from 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 discriminant function in determining sex
obtained i Exafpde BaFigy 1andlatgrapk {cdlivratoh dnwgrilobtratag 40 orreldiobsetween actual
ages obtained in Example 5 and estimated ages obtained bé?a method according to the invention.
Fig. 12 is agraprficatiblation kenie) iRistdin g Borfelatfshs orat tdat e s dbtained in Example 6 and
an 15 estimated ages obtained by a method according to the invention. Fig, 13 is a graph
(calibration curveﬁﬁ@stra%inb%o?ﬂ@é(tﬁﬁ%l@f ATaSEEI AdeLobRNERh BAFfpIe 7-Jht Estimated ages
obtained by 3 method according to fhe 20)inygntion, PESCRIETION, SEEMEQRIMENTS
5 EBxample 3 (a photograph as a substitute for a drawing).
Fig. 10 is a graph illustrating a histogram of scores
of linear discriminant function in determining sex obtained
in Example 4.
Fig. 11 is a graph (calibration curve) illustrating
10 correlations between actual ages obtained in Example 5 and
estimated ages obtained by a method according to the
invention.
Fig. 12 is a graph (calibration curve)} illustrating
correlations of actual ages obtained in Example 6 and an
15 estimated ages cbtained by a method according to the
invention.
Fig. 13 is a graph (calibration curve) illustrating
correlations of an actual ages cobtained in Example 7 and

estimated ages obtained by a method according to the

20 invention.

DESCRIPTICN OF EMBODIMENTS
{0037] [1] Age Estimation Method according to the
Invention

25 The invention relates to an age estimation method

20



[0037][1] Age Estimation Method according to the Invention 25The invention relates 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. The correlation is preferably indicated by an 5 equation or a model. The equation or the
model is preferably a regression equation or a regression model, and more preferably a multiple
regression equation or a prediction equation. [0038]<Definition of Actual Age and Impression Age by
10 Appearance> An "age" in the invention includes an actual age and an impression age by
appearancenc ludihey astual mge refeestosae agé deterniifjed by frdate d birtll, antbagtechnology of
estimating the actual 15 age may be provided to various use such as various monitoring systems as
described dbowe. J008BOFtHe]jether hasedarctinpressios: Agé byragpehratie "aofkss &dn age by an
impression objectively
intensities of spatial frequencies obtained from facial
image data. The correlation is preferably indicated by an
5 eguation or a model.
The equation or the model is preferably a regression
equation or a regression model, and more preferably a
multiple regression equation or a prediction equation,
[0038] <Definition of Actual Age and Impression Age by
i0 Appearance:>
An “"age" in the invention includes an actual age and
an lmpression age by appearance.
The "actual age" refers to an age determined by a
date of birth, and a technology of estimating the actual
15 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 impression cbjectively
estimated by a third party, and is under the assumption
20 that an impression by appearance looks younger or older
than an actual age. The technology of estimating the
impression age by appearance is useful in evaluating the
effect of various cosmetic means. In addition, it is

ugeful in evaluating a change of an impression age by

25 appearance by various cosmetic means. For example, it may
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estimated by a third party, and is under the assumption 20 that an impression by appearance looks
younger or older than an actual age. The technology 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 25 appearance by various cosmetic means. For example, it may be
applied in evaluating a change of an impression age by appearance by makeup. In addition to an
impression age by an entire appearance, the impression image by appearance may include an
impression age by appearance focusing on a 5 specific aging phenomenon, for example, a "freckle
age" focusirg epplfieckle cordiidmad: twinkle cgehdscusihgon avptads toRdiign, &Yskin texture
age" focusing on a texture of a skin, and the like. [0040]<Facial Image Data> 10As facial image data of
a subject ReEA TRE AR ertionatRBhtire Tacadfage datd 6r MihgeBatast :PPoriBR dfthe face may
be used. [0041]When image data of an entire face is used, it js preferable to use the entire face data
excluding &haft™iS B6rRRNEEE T Q). AbSordMyERkO Bn HiRSfial e BWRHBE With a higher
degree of accuracy._In consideration of the seggjlirgg theorem for calcu%atinlgsthr? ingaxysgies of the
spatial frefifEhciesand the FesbtRibRE FeqlirdP o SSimBRSH &GS a5e o an Impression age by 20

appearance, the, size of the face image in this case ma £ ptured ]'gq_,gh range of 30 cm x 30 cm,
and the im%scfs1 %rle er‘:’}stgﬁhl/1 g15% ﬁ?gll%’or%gre? égfes%ﬁbgd Iater,c%lgz%ec use the number of

pixels relate g,/ extent of ths spatal freghane Band dnoludecieran igase RHAAAIThe image data
of the portion of the face

on a wrinkle condition, a '"skin texture age" focusing on a
texture of a skin, and the like,
[0040] <facial Image Data>

19 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
is preferable to use the entire face data excluding a hair

15 portion (see Fig. 1). According to this, an age may be
estimated with a highexr degree of accuracy. In
consideration of the sampling theorem for calculating the
intensities of the spatial frequencies and the resolutions
required to estimate an actual age or an impression age by

20 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 pixelg or more. As degcribed later,
it ig because the number of pixels relate to the extent of
the spatial frequency band included in an image.

25 [0042] The image data of the portion of the face
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includes 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 is preferably used. This is done
for estimating the age 5 with a high degree of accuracy since the intensities 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, 10 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 rangerof atdesst Drergx Zeie Actoldiey folthis, thadnferraatiortbe otheagindies structures can
be acquired sufficiently, so the age can be estimated with a high degree of accuracy. In addition, in
such a casEourhsaRbek bEpiRBRSIF thé ifage dhta R stetdiably 258 pixBROGISMbAE™Nd more
preferably 512 pixels or more. As described later, this is because the 20 number of pixels relate to the
extent of tHd §patia freqidhey BAndifIddefinGh isye- 1663 H74adiB5N, TR & Br&dent invention,
the facial image data may be mon chrogﬁ image ata (griq:htne%s datta:% or cglgr image data. A
monochromg iREGETrH ¢dioF 58 fhage hay bE Eidted Accsraing o the hurpssE or the usage. For

example, in case of estimating an age where the effect of the, skin E%I' L the skin troyble, ar the like is
suppr%sseg,li ?é bare éLr%BIegl%%urs%err%%ﬁoéﬁr%%reaﬁﬁ"agselﬁgé. %V Jen co oP%na(jLe data is used, the data

obtained frgg).3 80y chADNGISAMANO Ui datdiors fug RGR colprehanaels gy badised singly of in

combination. In addition, the monochrome image data (brightness data) to be converted hereinafter

may be furihgs combjned tg, pewised . Fanaxample.whendreckleinformationbiaging may be 10
effectively used to estimate the "freckle age", it is preferable to use the B channel data of the color

image. In adgition, wheniary age dmpstimatedrby deletingfescliminformasionnang:fasasingeon skin
texture, wrinkles, or the like, it is preferable to use the R channel data of the
portion such as the lips, the eyes, and the nose is used,
10 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
15 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 described later, this ig because the
20 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

25 image may be selected according to the purpose or the usage.
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15 color image without using the B channel data of the color image. In addition, by using the
intensities of the spatial frequencies calculated in every color channel in combination, the
comprehensive impression age by appearance 20 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 25 the intensities of the spatial frequencies calculated from the
monochrome image data in combination since a comprehensive impression age by appearance may
be estimatgdwithxa ihjghedegree ot eecoracy sinithistpoiat efvieweitidipreferalbie thaf @rtcolor
channels used herein include 5 the combination of the R channel and the B channel. In addition, it is
preferable @3 inchfdesthbrearaBinaiionr B alf RGB EXankdls. [0044Fite $4d8l iffage data” may be
acquired according to a conventional method. For example, the 10 frontal face is captured and the
captured iR4§ETERPEEto & betsord %gﬁ%@re@dsttﬁgiﬁﬁnfb?ﬁ%ﬂaﬁ ‘B‘?%s?ﬁ&‘g%i@ﬁﬁ%amera and the

like. [0045]<Definition of Spatial Frequenfci}é& . As known |]£ adi}/ance sgatéal tfre uency" refers
15 to a characteridliRt ary ' SHructiitSfalidéa tpatts S cle Hicat88 e REmber 3f'the

structgral regetlthps mclilsdeg Jn.auni %1 ngtl In e Sl lél]jllt tggﬁpatl%l fre ency I fgr%gﬁ(cycles per
meter; butin theimage processma field, e spatla{:l?requency refers to the 20 number of ines per

m|II|meter (%ﬁéidgll aO it of @&ﬁpﬂgglcf{ggluengh tggély{:ﬁ_%g of cyeles per image width

(cyclellmage wi may The maximum number of cycles included in an image is 25

theha”nUHHE%&%PB%E“?&A@Q“&&@QU4%}Hgm€ﬂ€§@edata) to be converted

hereinafter may be further combined to be used. .For
example, when freckle information by aging may be

10 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

15 color image without using the B channel data of the color
image.

In addition, by using the intensities of the spatial
frequencies calculated in every colcor channel in
combination, the comprehensive impression age by appearance

20 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

25 the intensities of the spatial frequencies calculated from
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width. That is, when the image has the image width of 512 pixels, the spatial 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 5 cycles/image-width. [0046]<Method of Calculating Intensity of Spatial Frequency>
The "intensities of the spatial frequencies” refer to amplitude values or powers (the logarithms of
powers) in 10 respective spatial frequencies. The intensities of the spatial frequencies may be
calculated from the facial image data according to a conventional method. When monochrome image
data is used, brightness data (monochrome image data) from the facial 15 image data may be
adjusted byhusing;farcéxame lazomnietcialiravadableriaagerprecessing software (for example,
Photoshop (registered trademark) CS3 manufactured by Adobe systems Incorporated or NanoHunter
NS2K-Pro ¢registeteehirddemark) neamuifastudsE b K atebSystemcCo iRl 20aVREs HReET (Fast
Fourier Transform) is performed on the adjusted monochrome image data or the adjusted color image
data by ushigF& cBmmiértiafly Svaralsié imageEHa) sis SBftiaie (fBPeXdmple, ¥ dlriet phase analysis
program manufactured by Image Sense Co. Ltd., and Poplmaging 25 manuyfactured by Digital Being
Kids) and fhié keS fiser Attt raltBorine Phwelardisd the ftchdiy ot the SP&tai Hequency may
be calculated. Fig. 2 illustrates a spectrum pa#te]%rn thilt IS E}ire&Jg FET %rﬁ)é:fgsin]gnto the grayscale

image of 162% X PIRELAS & exdnple of fanst &1 cha

e
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
10 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 Freguencys
As known in advance, the "spatial frequency" refers
15 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
20 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

25 the half number of the pixels {(dotg) included in the image
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5 spatial frequency analysis. By the FFT processing, the intensity (an amplitude value or a power) per
spatial frequency of 0 to 1024/2 (unit: cycle/image-width) is calculated so that the spatial frequency
characteristic that includes the facial image has becomes clear. 10In addition, 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 easily obtain numerical data (intensities of spatial 15 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 reguited for Thenage. estimation tivhed gamn positidnsepenfacial ihhge Hafdl8f the subject
should be specified in detail and the positions are not specified correctly, the estimation precision
decreasespifopiever, the imeasitiasd of HRIGsaES flegudndies fedifiretffor the age estimation used in

the invention may be quantitatively calculated with 25 ease by using a commercially available software
thatis uset¥EdfrentiBAaR; <ABBESIRRAtichRe RS Paf (HRSnISKRRM, YA of a subject
is estimated based on the correlation of ages and intensities of spatial 5 frequencies obtained from

facial imadefddiiZhahiZaa4R advafcERdM the ihtSHERRELGF thE%Patidl flequntied obtained from the

facial jmage ditgso{ Jt_tl)ne sméjatgj%ct vt\:/plose_ ageisto bg estimatgd accord_ing to the me_thod c_iescribed _
above’ 104 the intensiss of the Spatial frequencies used in the estimation, any intensity of the spatial
ﬂequencyTEHa6] <Method of Calculating Intensity of Spatial
Fregquency:
The "intensities of the spatial freguencies" refer to
amplitude values or powers (the logarithms of powers) in
10 regpective gpatial frequencies.
The intensities of the szpatial frequencies may be
calculated from the facial image data according to a
conventional method. When monochrome image data is used,
brightness data (monochrom@ image data) fxom the facial
15 image data may be adjusted by using, for example, a
commercially available image processing software (for
example, Photoshop (registered trademark) CS3 manufactured
by Adobe systems Incorporated or NanoHunter NS2K-Pro
(registered trademark) manufactured by Nano System Corp.).
20 When an FFT (Fast Fourier Transform} 1s 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

25 manufactured by Digital Being Kids) and the like, the
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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 15 degree of accuracy. In a
preferred embodiment of the invention, the spatial frequency 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 20 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 frequencies in different bands, the information on different
aging 25 stuplliesi@xisting irerespective pands mayshe iised e combemationysethatlaa age may be
estimated comprehensively. In addition, in this case, the pluralities of the spatial frequencies
preferably siaué tifferénegsiehtd cyelgskmagevidiiatesore Foramoie preferabliadifférences 5 of 20
cycles/image-width or more. Accordingly, the information on different aging structures may be used
effectively SPB20FTHe EGHFdIgHsh bhades end intefsities of JPidPHegEefdies obfifd®from a facial
image data may 10 be calculated in advance by multivariate analysis such as regression analysis.
HereinafteB LR IR3E of BAGEIafkg #1E2 éorfelblion i® 4E8drbe Al aCRBRf 2 sBimatiig an

mpression age by sepeaiatice from gnsiles o spaig ieguersies, gblaned 1% figm facil image

intengity (an amplitude value or a power) per spatial
frequency of 0 teo 1024/2 (unit: cycle/image-width) is
calculated so that the gpatial frequency characteristic
that includes the facial image has becomes clear.

10 In addition, in case of the color image, the
intengities of the spatial freguencies are calculated per
color channel.,

[c047] The great advantage of the invention is to
easily obtain numerical data (intensities of spatial

15 fregquencies (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 gsizes of the
regspective portionsg or the distances between porticns
required for the age estimation, when given positions per

20 facial image data of the subject shoﬁld be specified in
detail and the positiong are not specified correctly, the
estimation precision decreases. However, the intensities
of the spatial frequencies required for the age estimation
used in the invention may be quantitatively calculated with

25 ease by using a commercially available software that is
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[00501(1) Estimation of Impression Age by Appearance In order to obtain an equation or a model
indicating correlation of impression ages by appearance and intensities of spatial frequencies obtained
from facial 20 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 25 has the same
number of people. With regard to the impression age by appearance, since the self-evaluation is
different from the evaluation by a third party in many cases, it is preferable that the evaluator is a third
party. Evaluagstsaetiy epsliatetheys 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 issLi@@%tich as inaRitfuat aifeRerided sk Hiftances, age differences, and preference of the
10 evaluators, and further reproducibility and the like. Evaluzlﬁ%r_s who have s?fenc]iatltieé and experience

such as evaluatior ol BRarmple T A¥dsniticHTd Bfe BreferabR ihciided t s preterable that the

number of the eyaluators is plural cifically about 5 to 10. The 15 objective.| ionage by
appearané% egac%np%r}z%n ér)r?z;l"yr%ef %%%a?ﬁleg B?/%%a?tlssti%g y 6%%8&%%%% egtk?rnn%ﬁ%r? result by the

Doty AU Y SRy coty4a8 e dled ik ar e ke excudng
advance from the intensities of the spatial frequencies
obtained from the facial image data of the subject whose
age is to be estimated according to the method desc:ibed
above.

10 As the intensities of the gpatial 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 freguency
bands since the estimation may be performed with a high

15 degree of accuracy. In a preferred embodiment of the
invention, the spatial frequency bands may be low frequency
ranges of 50 c¢ycleg/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

20 divided intoc 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 frequencies
in different bands, the information on different aging

25 structures existing in respective bands may be used in
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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 standard pictures of each age group at intervals of 5 to 10
years in advance, 25 and determine an age difference from the standard picture 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 5 to the right, the age group increases. The method of preparing standard pictures may include
a method of selecting standard pictures from a facial picture database of age groups by an expert of
facial recogmitibn e igthod of preparmg aeragefachd imalésdy plocesariehanssivrlng of facial
pictures of age groups with morphing software, and the like. In any cases in the art, when the
population that is tFe [Fekdisrias praparalids iascut 100 thd Bidphiéd Brot@e hE§ be a reference
picture that has a certain level of reliability, and when the population 15 exceeds 1000, the prepared
picture ma?%%?&e%ﬁ%%%@%ﬁ%%@%@n%ﬁh oF FAlEBfie? ™ *°The impression age
by appearance of a person may be evaluated in contact with thef ersé)? nggyg%eas deSscribed later,
it is preferdHIE 1R AHBRIGIALBH TS 96 pBrbimed by (S Ricabturad facialimage of the person. This
s becguse, gs Jlustiatad I Fif geteyallience fial decreases,tng gyaljationaccuracy caused by, for
example, an expreséflon, a'harr s%ﬁe, a ackgrouna, a skin color, a skintrouble, or the like may be
excluded. 251005 41(2) Galculaon,afoigpein ot Spatal ErecleDeY nay X Hedntensites of he

spatial frequencies are calculated from facial image data in which the pluralities of people are
captured. The:intensjiias,of the spatial 5 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
impressionjage: by appearaneecAeerdinglyyithe couglationhetweer impressioncages by appearance

and the intensities of the
spatial frequencies obtained from a facial image data may
10 be calculated in advance by multivariate analysis such as
regregssion analysis.

Hereinafter, a method of calculating the correlation
is described with a case of estimating an impression age by
appearance from intensities of spatial frequencies obtained

15 from facial image data as an example.
[0050] (1} Estimation of Impression Ade by Appearance

In order to obtain an equation or a model indicating
correlation of impression ages by appearance and
intensities of spatial frequencies obtained from facial

20 image data, evaluators visually estimate impression ages by
appearance of a plurality of people.

The number of the egtimated 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

25 has the same number of people.
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10 spatial frequencies may 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 frequencies 15 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 20 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 piefétable§80-dr orehes Wirsretheistrucigie fthe B &L #6céxample, a matrix
form where people may be input to a row, and the impression ages by appearance calculated as
described abo@e thamterdifiesvhinedpanl freqddides erfeultew frbRftHRRLIAF iM&ge data may
be input as the column items. 5In addition, in order that the DB ma[% be also used for estimating an

actual age'd$ Jesthibed 1R_F BYdéférmﬁg a%¥cas déscibedis ?Fﬁgjp%ll}rﬂﬁtfte may further
T oyl ARSI ot ges s PR TR L s it
o A SR TR e ah) S e
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
10 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
15 objective impression age by appearance of each person may
be obtained by statistically processing the estimation
result by the plurality of estimators, for example, by
calculating mean values, median values, or the like
excluding outliers.
20 In addition, in order to improve the reproducibility
of the evaluation, it is more preferable to use a reference
picture or the like as an evaluation criterion. Fox
example, it is preferable to prepare standard pictures of

each age group at intervals of 5 to 10 years in advance,

25 and determine an age difference from the standard picture
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15 described later, if necessary. It is because the estimation accuracy increases by the update.
[00531The DB may be used in the estimation of the actual age in the same manner. Though the usage
of the DB will be described more specifically in Examples 1 and 2 20 which will be described later, the
following may be understood 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 25 age, the spatial frequency band with a high
correlation coefficient may be specified, and thus the band that include an extremely large amount of
informatiort bataging stnecturs (@ginginformration) masbaknewnaFigiall cagelating analysis on a DB
of females, Fig. 5: 5 correlation analysis on a DB of males). In addition, when cluster analysis (Ward's
method byesit aVerage Birlide s eitance) off ik spatiel frrqtEANEE% pérdFied: théFelation
between the spatial frequency band and the characteristic of the facial image is clearly figured out 10
so that the®Atifg kftgimatid PR k[aiA BaER S pafial sy féHcibant@Epedific AR thdStood.
When cluster analysis is performed on the, spatial frff[%uggcies included in the 9@ %g?ared in an

o ;

examples JESMRTIRRr ZRe thelRnitistBhfidn & gifd 159Rfofatfon per spatiaffrequency

band, for exa I%, irllfgrmgtiortlﬁn tense fer%lilg sor élabbinggs in,quté') %Oe%ycgsggage-width) and
information on déeep wrﬁw}}( ds and face lines 150 o f(?dafcycl'es/image-m tﬁ) from a dendrogram is

presented Thesefoe.frarp.sactspatial 20 fiegugney band e selegiiagfie gpatal frequencies and

using the spatial frequencies in combination as explanatory variables in a regression equation or a

prediction ggyation; the ags may e sstimaterkwith s-highdegreq obaceuraey. dARa4l4Preparation
of Equation or Model
of age groups by an expert of facial recognition, a method
of preparing average facial images by processing a
10 plurality of facial pictures of age groups with morphing
gsoftware, and the Ilike. 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
15 exceeds 1000, the prepared picture may be a reference
picture that hae sufficiently high level of reliability.

The impression age by appearance of a person may be
evaluated in contact with the person. However, as
described later, it is preferable that the evaluation is

20 performed by using a captured facial image of the person.
Thig is because, ag 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, or the like may be excluded.

25 [0051] (2) Calculation of Intensity of Spatial
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25In order to prepare an equation or a model that indicate a correlation between the impression ages
by appearance and the intensities of the spatial frequencies, it is preferable to perform multivariate
analysis on the impression ages by appearance and the intensities of the 5 spatial frequencies by
using the DB. Multivariate analysis preferably use the relation between the objective variable and the
explanatory variable, and a preferred example of multivariate analysis includes discriminant analysis
and regression analysis (MLR, PLS, PCR, Logistic analysis). 10 Among these, multiple regression
analysis (MLR), and nonlinear regression analysis (PLS: Partial Least Squares) are particularly
preferableFEegexarmple, when multiple regression analysis is performed on intensities of spatial
frequencies as explanatory variables and impression ages by 15 appearance as objective variables, a
multiple regressioleguatistenay e BBidine® 1/ adEirSRAbhe PESSHRE PEABFMad 1 the same
manner, a prediction equation (prediction model) may be obtained. In addition, in order to obtain an

equation of AT AiveRFtHEY Ats Bekid R delfféd Bf ady? GG RridtBSariRlysi&dddit &8 principal

component analysis, factor analysis, Quantification Theory Type |, Quantification Theory Type II,
Quantificafién %88% fﬁ%elll?mﬁtﬁﬁ?ehsigﬁlﬁl s]c}aﬁﬁ&s%tb%elg |sé}(? c ?J%?erlsr%?glr#elural 25 network,

and ap ensemple Jearning may be Used apprppriately.. Amqng;(hess. @ neuraneork discriminant
analysis, ande(guan ification Theory Type I are preferable. hese multivariate analyses may be

performed fy using, Iieg soltyiays of sopymarcially Ayalalle SafWaigcn 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
10 spatial frequencies may be calculated with a higher degree

of accuracy.

[oos52] (3) Preparation of Database (DB)

In order to calculate the correlation, a database
(DR} in which the intensities of the spatial frequencies

15 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

20 intensities of the gpatial frequencies are preferably
prepared by sex and by race. 1In 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.

25 When the structure of the DB is, for example, a matrix form
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5[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 10 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 frequency bands may be low
frequency ranges of 50 cycles/image-width or less, and high 15 frequency ranges of larger than 50
cycles/image-width. In a more preferred embodiment, the high frequency ranges may be divided into
medium fregisercyranges oha thd 0a:gyalestimagexwidih, and thedigmfrequencyramges of larger
than 100 cycles/image-width. 20By using the intensities of the spatial frequencies in different bands,
the differeityagipg $sfoanatorcedisting ek spectivs banidsmhagibevgsedtimfecombination and an age
may be comprehensively estimated with a high degree of accuracy. 25In addition, in this case, the
plurality of thé espssitial fréqoéndiés prstaiabif hAve aHfersH@So Rl EYctedMAadeMidthlt? more, or
more preferably have difference of 20 cycles/image-width or more. Accordingly, the different aging

informatiorf Af&Ade tiReF&ffEethRIPB06S6 PithtHer M Sra6r toPetifRate il %ge with a high degree of

accuracy, the used spatial frequency band may be aoptimized dependipng on.the sex. \When an age of a
femal@ is estimatet byt f'ilﬂgﬁgge t& Bf{gﬁ e%%‘?’ega%%?itq%g preé?é’ra% o fo e

S0 .
use at’least four spatial

frequencie§ O10 tgsayi)glgg? 19 r%%egtiggabfngseas a]‘gII%\gg. C@ﬁgg cr'ibegeig eg;_,examples described
later, the bands are Speci ied by ana?yzmg dat acquired fromanp ureﬁity of people by cluster analysis

and classifying.the data intg the spatial frequengies with simila £hange charactesisties jn the 15 spatial

frequency power. (Age Estimation of Female)
further include actual ages of people captured in the

facial images and sex grouping variables indicating sexes.

10 The DB may be updated by adding the intensities of
the spatial frequencies and the estimated value after
estimating an impregsion 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

15 describéd later, if necessary. It is because the
egtimation accuracy increases by the update.
[0053] The DB may be usged in the estimation of the
actual age in the same manner. Though the usage of the DB
will be described more specifically in Examples 1 and 2

20 which will be described latexr, the following may be
understood 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

25 age, the spatial frequency band with a high correlation
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0 to 50 cycles/image-width 50 to 100 cycles/image-width 100 to 200 cycles/image-width 20200
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 frequencies that belong to respective bands
as follows. 25(Age Estimation of Male) 0 to 50 cycles/image-width 50 to 100 cycles/image-width 100
to 150 cycles/image-width 150 cycles/image-width or more 5[0058]As understood by comparing both,
itis preferable to use high spatial frequencies of 200 cycles/image-width or more for estimating an age
of a female, but it is not necessary to use such spatial frequencies for estimating an age of a male
because agirgfil infemtativryofieeferpale ekistslin high fréyuenteatges] whiktaging information of a
male hardly exists in high frequency range.
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:
5 correlation analysis on a DB of males}. In addition, when
cluster analysis (Ward's method by an average Fuclidean
distance) on the spatial frequencies is performed, the
relation between the spatial frequency band and the
characteristic of the facial image is clearly figured out
10 so that the aging information included in each spatial
frequency band is specifically understood.
When cluster analysis is perfoxrmed on the spatial
frequencies included in the DB prepared in an examples
described later, the uneven distribution of the aging
15 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 lines in 50 to 100 (cycles/image-width) from a
dendrogram is presented. Therefore, from each spatial
20 frequency band, by selecting the spatial frequencies and
using the gpatial frequencies in combination as explanatory
variables in a regression equation or a prediction equation,
the age may be estimated with a high degree of accuracy.

(00541 (4) Preparation of Eguation or Model

25 In order to prepare an equation or a model that
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In this regard, the upper limit of the spatial frequency bands used for estimating an age of a female
may 15 be about 500 cycles/image-width, while the upper limit of the spatial frequency band used for
estimating an age of a male may be about 200 cycles/image-width as a standard. [0059]Further, in
order to estimate the age with a high degree of accuracy, the used spatial frequency band 20 may be
changed depending on the portion used for the estimation. 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 25 analyzing data acquired from a
plurality of pedpraby custer zrdlgsisemduiassigingthe daminsnespatsfrediliencies with similar
change characteristics in the spatial frequency power. (Age estimation using lips) 50 to 40
cycles/imagBRASNRAC ¢ 206 cyBRsAmBgBSHiaaE00 EyEBE/ifRFEWdthiGrFABRIC 2 2Since the lips

rarely include aging information in a high frequency range of 240 cgcles/image-width or more, the
it is preferable to perform midltivariate analysis on the

impression ages by appearance and the intensities of the

5 spatial frequencies by using the DB. Multivariate analysis
preferably use the relation between the ébjective variable
and the explanatory variable, and a preferred example of
multivariate analysis includes discriminant analysis and
regression analysis (MLR, PLS, PCR, Logistic analysis).

10 Among 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

15 appearance ag objective variables, a multiple regression
egquation may be obtained. In addition, when a PLS may
performed in the same manner, a prediction equation
{(prediction model) may be obtained.

In addition, in order tc obtain an equation or a

20 model that has a high degree of accuracy, multivariate
analysis such as principal component analysis, factor
analysis, Quantification Theory Type I, Quantification
Theoxry Type II, Quantification Theory Type IIT,
multidimensional scaling, supervised clustering, a neural

25 network, and an ensemble learning may be used appropriately.
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10 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. [0060]The method of calculating a correlation between 15
intensities of spatial frequencies and impression ages by appearance is described hereto. However, in
case of estimating actual ages, the correlation between the intensities of the spatial frequencies and
the actual ages may be calculated in the same manner. 20[0061](5) Age Estimation An age (an
actual age or an impression age by appearance) is estimated by applying intensities of spatial
frequenciesrimomny fadiglsmage detncid subject1d andsgirtion vranhodakihdithdgng alsbrrelation
between ages 25 and intensities of spatial frequencies obtained by the method as described above.
The applicBtiembf thecaedumonidians mdde endudesnizteifg dbhferical values to a model in addition
to substituting numerical values to an equation. According to this, an estimated value of an age may 5

be obtained. [006FRRES M Fihyrdm Fidic AN PRocdRIexampte bf 8 MER ol o e&tifthting an age

(an actual age or an impression age by appearance) by using the spatial frequencies in the invention.
In other wdrl§ Sth&Cid-iReTsifids Sﬁﬁg?ﬁiﬁgﬁgqévr%}gsa %%e i

ay B daidiated by acquiring facial image

data oSf as ?j{igegivhose a,gﬁeis o Qg %e)%g_imatedf_(at@gial imggg fcg%gigﬁeséa%%l %Hg Jhen galculating the

. . . t
intensities patial frequencies pe¥fo(r3m|ng a F%q’aprocess on the Image data (@15

spatial frequency calgilating step). An.gstinmated:ages caloylated by substitging the intensities of the

spatial frequencies (powers or amplitude values) of the subject to an equation (a regression equation

or the like) g5 3,med8! (Aspredictiomequation) indicatipgr delaton betweenr ages 20and intensities of
spatial frequencies”, as prepared in advance (an age calculating step). The calculated estimated age

may be disphayedsan acisplay:er e bkei(@n agel displayingestep):a ndditions the equation or the
model may be updated by adding the estimated age calculated
different frequency bands. By using the intensities of the

10 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 frequency bands may be low
frequency ranges of 50 cycles/image-width or less, and high

15 frequency ranges of larger than 50 cycles/image-width. In
a more preferred embodiment, the high frequency ranges may
be divided into medium frequency ranges of 50 to 100
cyclesg/image-width, and the high frequency ranges of.larger
than 100 cycles/image-width.

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

25 In addition, in this case, the plurality of the
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25 in the age estimating process to the DB along with the intensities of the spatial frequencies
(feed-back). This is because the estimation accuracy increases by the update. [0063][2] Age
Estimation Apparatus according to the Invention 5An estimation apparatus according to the invention
includes 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 indicating a correlation between ages
and intensities 10 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 sayathé antefisiggralnalating pmitizitrathevadeverrelatide datrcstordd ithe storage unit.
15[0064]The estimation apparatus according to the invention may be configured as follows, for
example. ThecfoliBwintpesnfigieadiorris deserbe@BseRirexaiplesaAd thie fvéftion is not limited to the
configuration of the embodiment. Fig. 7 is a hardware block diagram 20 illustrating the estimation
apparatus St CRATHEEs 8h attudlAgLSs/ dMRes s ¥dich g by abFeardhCE Wy ULiFd the intensities of

the spatial frequencies calculated from the facial jmage, an include§ al [ gg%gnit a CPU (Central
om

Processing Bit)2 L4 RS REEHSn i MSHBR) S A BaK 55 (B3R ccess e::}r'\ﬁbry) 4, a

g S SR L, 3 AR 7. TUR e 9 g o o
high degree of accuracy, 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 frequencies
10 that belong to respective bands as follows. As described
in an examples described later, the bands are specified by
analyzing data acquired from a plurality of people by
cluster analysis and classifying the data into the spatial
frequencies with similar change characteristics in the
15 spatial frequency power.
(Age Estimation of Female)
0 to 50 cycleg/image-width
50 to 100 cycles/image-width
100 to 200 cycles/image-width
20 200 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 frequencies that belong to
regpective bands as follows.

25 (Age Estimation of Male)
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calculating unit is implemented by the CPU 2. In addition, 5 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 processes such as preparing a
grayscale image data 10(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
15 intensities of the spatial frequencies by programs stored in the ROM 3. The ROM 3 stores
programs requiredto:opératecthelage’ estaation dpparatus according to the invention, and various
equations and models required for the age estimation (age correlation data). The ROM 3 may 20
further store a datBBaderekflifredits Iepareade 2gidibns and the models. The RAM 4 temporarily
stores an OS (operating system) programs, or various application programs executed on the CPU 2.
The recording unit® fhchfties RagHetE SisktRIfe"diti the like, and is used as an 25 external memory
of the RAM 4. The operatin% un2 6 is opergé%% for example, at the time of inputting necessary data
such as a certain 3&%&%‘6, %ﬁ A6 ah d&ts. e isplaying unit 7 may employ any

configéjratiF(i‘r(r:)l1 >(ijgt%%tbcan disa;gy %q daeq_,ea %{ijrgagon Ee&l{ﬁﬁ?% Igépag]&l% a gitgplag 5 device such as a CRT

(Cathode u), or a liquid crys Isplay, an a ut device such as a speaker, a printer,

and the Iik?r%@é@]a[%]lég% gsgg@tiﬂgjﬁ{og@ fegording to-the;laveniion, 1A estimation program
o er,

according e invention causes a cOomputer, other devices, other machines, and the
cycles/image-width or more for estimating an age of a

female, but it is not necesgsary to use such spatial
frequencies for estimating an age of a male beéause aging
10 information of a female éxists in high frequency ranges,
while aging information of a male hardly exists in high
frequency range.
In this regard, the upper limit of the spatial
frequency bands used for estimating an age of a female may
15 be about 500 cycles/image-width, while the upper limit of
the spatial frequency band used for estimating an age of a
male may be about 200 cycles/image-width as a standard.
[0059] Further, in order to estimate the age with a
high degree of accuracy, the used spatial frequency band
20 may be changed depending on the portion used for the
estimation. 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

25 analyzing data acquired from a plurality of people by
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like 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 15 correlation data indicating 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 20 calculating unit with the age correlation data stored in
the storage unit. In addition, the program according to the invention may be stored in computer
readable storage media. [0067][4] Sex Determination Method according to the 25 Invention A sex
determinatidnuatetitoch aecording terthe diverdivfiymay irdhed eldéetrmirting atsexsafatsubject from facial
image data of a subject based on a correlation between sexes and intensities of spatial frequencies
obtained froneGuhedacial imbige duiaiThe cohrakdionidpraferabljipidicated By Bi%equation or a
model. The equation or the model is preferably a discriminant function. [0068]The facial image data,
an acquirifPietidd 10%R_YRBE A 88fiffifon 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 ifth&F Fo8GIHPe RvERton. B sex of the subject is 15 determined based on
the correlation between th§ sexes and the inte‘r\}%ig%% of the spatial frequencies obtained from the facial

image’data, from theiRtehaitied of The spatal

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
10 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.
[0060] The method of calculating a correlation between
15 intensities of spatial frequencies and impression ages by
appearance is described hereto. However, in case of
estimating actual ages, the correlation between the
intensities of the spatial frequencies and the actual ages
may be calculated in the same manner.
20 [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
equation or a model indicating a correlation between ages

25 and intensities of spatial frequencies obtained by the
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frequencies obtained from the facial image data of the subject whose sex is to be determined by the
method 20 described above. Any intensity of a spatial frequency may be used as the spatial
frequency used for the determination. Among them, the spatial frequency preferably belongs to a
frequency range of 100 to 250 cycles/image-width, and more 25 preferably belongs to a frequency
range of 150 to 200 cycles/image-width. As illustrated in Example 4 described later, this is because
the difference of the intensities of the spatial frequencies in the high frequency range clearly explains
the sex difference. 5[0070]In addition to the high frequency range, it is preferable to use the intensities
of the spatiad fiegdieasiedds addwd e qirney ranfeofdpplsO-eyclestintdy e-vdth girdeithie
determination is performed with a higher degree of accuracy. According to this, the 10 sex difference
that is not irididdied medrlhighdregdeacypeasde pthy banaddah L vaihegorelafioR BeRieen the sexes
and the intensities of the spatial frequencies obtained from the facial image data may be calculated in

advance b¥ina@fdaideanafysps shEn bERFscIREACAalyde es HeréRaffeaméfod of

calculating the correlation will be described with an example of usin th% intensities of the spatial
frequencies obtainsdREMRAgE AR b anBhtFE H&‘éa%?ooﬁ%%ﬁ cfatiS¥6f Miehsity of Spatial

Frequgncybe obtained.

[0c062] Fig. 6 is a diagram indicating a process
example of a method of estimating an age (an actual age or
an impression age by appearance) by using the spatial
frequencieg in the invention. In other words, the

10 intensities of the spatial frequencies may be calculated by
acguiring 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

15 spatial frequency calculating step). An estimated age is
calculated by substituting the intensities of the spatial
frequencies (powers or amplitude values} of the subject to
an equation (a regression eguation or the like) or a model
{a prediction equation) indicating a "relation between ages

20 and intensities of spatial 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 equation or the
model may be updated by adding the estimated age calculated

25 in the age estimating process to the DB along with the
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Intensities of spatial frequencies are calculated from facial image data having a plurality of people. The
intensities of the spatial frequencies are calculated as 25 described above. [0072](2) Preparation of
Database (DB) In order to calculate the correlation, a database (DB) in which sexes and intensities
of spatial frequencies are associated with each other is prepared. 5The 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 model preferably has the same population distribution to each age group.
In addition, the population of the DB is at least 10 50 or more, preferably 100 or more, and more
preferably 500 @nsnaree$Wheh thesstrpidreadf thie BRsa hewtriX forad fheatampldpesple may be
input in rows, and the sex may be input to the column items. The sex may be input as a sex grouping
variable. Ateoresttethis: ke e6ireEbA QB Ay WeAftichlear ISP 8 s ikt MREAGHE 1n addition,
the column item may further include impression ages by appearance and actual ages of people
captured inlteefakial imadeéd sé #rative BEYHLREBIAGHFe R stirfiingant&&ual age as
described above. 20[0073](3) Preparation of Equation or Model An equation or a model indicating
a correlatiofWfA'SERXBs and intensities of spatial frequencies may be prepared by substituting the
ages I the estimafion of the age info the sex arupind ya3bles 1,1, Same manier,
includes an intensity calculating unit that calculates
intensities of gpatial frequencies from facial image data
of a subject, a storage unit that stores age correlation
data indicating a correlation between ages and intensities
10 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
frequencieg calculated by the intensity calculating unit
with the age correlation data stored in the storage unit.
15 [0Ce4] 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 ig a hardware block diagram
20 illustrating the estimation apparatus that estimates an
actual age or an impression age by appearance by using the
intensities of the sgpatial frequencies calculated from the
facial image, and includes an input unit 1, a CPU {Central

Processing Unit) 2, a ROM (Read Only Memory) 3, a RAM

25 {Random Access Memory) 4, a recording unit 5, an operation
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25 That is, the equation obtained by analyzing the sex grouping variables and the intensities of the
spatial frequencies by multivariate analysis may be used. Since an external standard which is a sex
group is qualitatively given, multivariate analysis is preferably discriminant 5 analysis, 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 10 the discriminant function. [0074]lt is
preferable to use intensities of spatial frequencies that belong to a frequency range of 100 to 250
cycles/image4ideh, aaddorefetdbly ofi 5Grtd 200 .cydes/imaje-widtheasintensitiesdbftspatial
frequencies 15 which are explanatory variables in the equation or the model obtained as described
above. Aceordingablibis, thersexgdiffersre.may 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 20
frequency range of B%o HotEiEivh el witta Adhriirtto e, 'dRtéifination may be performed
more accurately by adding a factor explaining the sex difference that is not indicated in the high
frequency FEhEe [E0751@) WeD AR riiRt RS EE Se R defePMirdiionds perforAdd ty-8Pplying the

intensities of the spatial frequencies from the facial i e data of the subject to the equation or the
P image data ol

modePthat iffc&eS RS Coldiation bethB&R IFE tehSites

es of the spatial frequencies and the sex

grouping vayaRlg pbtained.p.as, desgribgd above; Ihe applisation pelidss alehing,

image data, such as a digital camera, a digital microscope,
a digital video camera, or a scamner. The CPU 2 performs
processes such as preparing a grayscale image data

10 (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

15 intensities of the gpatial frequencies by programs stored
in the ROM 3. The ROM 3 stores programs required to
operate the age estimation apparatus according to the
inventicn, and various equations and models required for
the age estimation (age correlation data). The ROM 3 may

20 further store a database required to prepare the eguations
and the models. The RAM 4 temporarily stores an CS
(operating system) programs or various application programs
executed on the CPU 2. The reqording unit 5 includes
magnetic disk device and the like, and is used as an

25 external memoxry of the RAM 4. The operatiné unit 6 is
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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 10
grouping variable. [0076]In the sex determination method according to the invention, facial image data
of a subject whose sex is to be determined is acquired, and a FFT processing is performed on the
facial image data to calculate the 15 intensities of the spatial 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 anckintensdies 2rofespatial frequendies!’, asypeepdrethipadvance . rBasegseirthe obtained
sex grouping variables, the sex may be determined. [0077][5] Sex Determination Apparatus according
to the Inveddtm 26 Adetesninatier apparatosaesstdireciesthe dmeentipndirekiiessan iMbasity
calculating unit that calculates intensities of spatial frequencies from facial image data of a subject, a
storage unfttARLStEiE%s e ddrrelatidy datPihaicafify accOetativrrhbétiree eS#hd intensities 5 of
spatial frequencies obtained from the facial image data, and a sex determining unit_that determines the
sex of the SH5RARY AAtdHRg Bt HETSRLARSE Ypitial TroguRFRIRR & c faiti IR intensity

calculating unit, with the sex correI%ti%n ta stored {{1 the st ra)ge %nrit. 10£%O7élghe determination
appargtus %g&r%?ngsféct etFvéhtion'm yab% D 6ﬁguﬁa}’(]l e tlﬁe'age e&imatbr apparatus according to

the inventign s descrifed,agve- JQ0 22181 Sex.PRIfrmtionPragram.accordina 1o the

a printer, and the like.
[0066] {3] Age Estimation Program according to the
Invention

10 An estimation program according to the invention
causes a computer, other devices, other machines, and the
like 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

15 correlation data indicating a correlation between ages and
intengities of gpatial freguencies 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 gpatial frequencieg calculated by the intensity

20 calculating unit with the age correlation data stored in
the storage unit. In addition, the program according to
the %nvention may be stored in computer readable storage
media.
[0067] [4] Sex Determination Method according to the

25 Invention
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Invention 15A determination program according to the invention causes a computer, other devices,
other machines, and the like 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 sex 20 correlation
data indicating a correlation between sexes and intensities of spatial frequencies 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 frequencies calculated by the intensity calculating 25 unit with the sex
correlation data stored in the storage unit. In addition, the program according to the invention may be
stored in computehressgabliesterageatecia. [0680)HF AgesBstimhatorn A ppheatisaccdrding to Another
Embodiment As described above, both of an age estimation method and a sex determination
method acseudingi ol tésindertRrmise irgleasita@sofdpatiab itbd geticiés obtafifetifidm facial image
data. In addition, it is understood that a correlation 10 between ages and intensities of spatial
frequenciedtB&iecatAlisedOih the HyletimAToTrdiffers FetiRERhaelit RAAEST  Here, the age

may be estimated with a high degree of accuracy by determining a ,sex by a sex determination method
sexes and intensities of spatial frequefcies obtained from

5 the facial image data. The coxrrelation is preferably
indicated by an equation or a model.

The equation or the model is preferably a
discriminant function.

[0068] The facial image data, an acquiring method

10 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.
[0069] In the invention, the sex of the subject is

15 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
frequencieg obtained from the facial image data of the
gubject whose sex is to be determined by the method

20 described above.

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

25 preferably belongs to a frequency range of 150 to 200
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15 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 20 estimation
includes an intensity calculating unit that calculates intensities 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 25 image data, and male age
correlation data and female age correlation data indicating correlations between ages and intensities
of spatial fesgterejesmeiaineddram fasial image: datachyisex] Esexgeterminieg unititkat determines a
sex of the subject by matching the intensities of the 5 spatial frequencies calculated by the intensity
calculatinglantiewith the sex soirelationaata staied fie thesterage Ghig amageredrelationtata
selecting unit that selects the male age correlation data or the female age correlation data based on
the sex detdrmin®a by atie SerdurpmhsiAg 10 GHe dpddh dgeaaruRYIngarMehal ea&dH4btes an
estimated age of the subject by matching the intensities of the spatial frequencies calculated by the
intensity cEEBRARG UNftFtFHe COridiaiGia5ta selected by the correlation data selecting unit. 15In

addition, a program may be provided to cause a computer to function as these units. .
[0082fHer 'Haf%&], the invéﬁti@ﬁigﬁb%“sﬁé)ciﬁg&"ylﬁg%%riSggﬁ}ﬁﬁné%m?ﬁgg %s descrified below, but

the Inventlggésfggg rﬂgeq:go @gee)%ahrgplgﬁtensities of the gpatial

frequencies in a low frequency range of 1 tc 50
cycles/image-width since the determination is performed
with a higher degree of accuracy. According to this, the

10 sex difference that is not indicated in the high frequency
range may be added.

The correlation between the sexeg and the intensities
of the gpatial frequencies obtained from the facial image
data may be calculated in advance by multivariate analysis

15 such as discriminant analysis.

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

20 [oo71] (1) Calculation of Intensity of Spatial
Frequency

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

25 degcribed above.
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20 Example 1 [0083]1 Estimation of Female Age (1) Preparation of Female DB with "Actual Age,
Impression Age by Appearance, and Intensity of Spatial Frequency" 25Facial images of 140 females
(in the age of 18 to 82 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 is performed on the images by
adjusting brightness of the images using Photoshop (registered trademark) CS3 manufactured by
Adobe systems Incorporated, obtaining grayscale image (see Fig. 1) data of 1024 x 1024 pixels, and
using the spatial frequency analysis software manufactured by the company of the inventors with
MATLAB (fegisteled tradémark) mgaufactived 40 eThd®MathWBEK 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.13), agesbf A2- sizépiiktdd nidteriale of HegifBcal®d ifRkRBaFE evaluated by 9
new recruits (5 males and 4 females) who are 15 in the first year after the college graduation and do
not have ekBEriefeediiis Packi o8 ILRTEN SAGL Sht s Bx et SRAnaRes AP IYEMAIELT in a facial

estimation study. A mean value is adopted by excluding the maximum value and the minimum value

from the ag&€ e@fPAFFES 20 sSiSH afeL By apPeRrami@* fithis manner, a female DB with
actual ages, impre sio_n gg %Q\% appearance éeg%lgati%% g[:rievlg r %rg‘j\;g grrlwdt}valuatiog of experts)_,
and imensities of rs%aetlaIl) re%ue cies %powers or ampfftu e vafﬂes%s prepare .35?&?843(2) Analysis of
Chaﬁﬂjengﬁgs%BEeT@%%Qgity of the gspatial frequencies, and that is
arranged in advance for preparing an equation or a model
preferably has the same population distribution to each age
group. In addition, the population of the DB is at least
10 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 gex may
be input to the column items. The sex may be input as a
sex grouping variable. According to this, the correlation
15 may be indicated by a discriminant functiomn.
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
included for estimating an actual age as described above.
20 [0073] (3) Preparation of Equation or Model
An equation or a model indicating a correlation with
sexes and intensities of sgpatial frequencies may be
prepared by substituting the ages in the estimation of the
age into the sex grouping variables in the same manner.

25 That is, the equation obtained by analyzing the sex
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By using PASW (registered trademark) Statistics 17.0 manufactured by SPSS Inc., correlation analysis
and cluster analysis is performed on the female DB. According to Pearson correlation coefficient (two
tailed) between the 5 ages (the actual ages and the impression ages by appearance) and the
intensities of the spatial frequencies (see Fig. 4), it is understood that significantly high aging
information exists in a wide range (correlation coefficient > 0.60) of 90 to 360 (cycles/image-width). In
10 addition, from 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 inforgrationiexistirgrinathé eespeciive rants isanalyzes by indrbasiagat dekreasing 15 the
intensities of the spatial frequencies in respective band and changing the facial image data, aging
structure irffsRAREST s eve MdisFibrtad Fte adH et hbSpaaHl fRSqUETRS barfdd $6r &ample,
information about tense feelings or flabbiness exists in 0 to 50 (cycle/image- 20 width), information
about deeSHFRkI arfth ARAFHR s EXEE 50 To 166 (EF@eRintaysiidth ), Hrdtfakon about fine

wrinkles and the like exists in 100 to 200 (cycles/image-wi trg, d fucrlther information about texture or
shiny feelifg Fthe SR SuMHate Bkt tSNPo0 515 2?%&?}:‘? sa}%ﬂa‘t’ge-\}v’lgacfﬁ)lﬁlﬁ Ad@ition, since the

uneven distribution is presented in all the other DB groups,.it IS unqg:‘rs od that the four spatial
freque5ncy %gﬁ#g’ %%ess’en?eél %%rrgbfy %gr? %gﬁgépgéi\%%@de anE{e%'as %n%)}s{?ﬁlgt%ave c%ntinuity. In

addition, it i3 understood that any improvement in estimating,an,age, or theslike isxpected to increase

with a higher degree of accuracy by selecting appropriate frequencies from the respective spatial

frequency groups:r by pesfenming 2 cambinatien thareef. J308R1E) Freparagorigl Eguation Indicating
10 "Relation between Actual Ages and Intensity of Spatial Frequencies or between Impression Ages

by Appeargnes,and intgnsities sk Spatialfrequansy on1yMulHplesregressien apalysisi(stepwise
method) is performed on the female DB with actual ages and impression
frequencies without an age as an explanatory variable of
10 the discriminant function.
[0074] It is preferable to use intensities of spatial
frequencies that belong to a frequency range of 100 to 250
cycles/image-width, and preferably of 150 to 200
cycles/image-width as intensities of spatial frequencies
15 which are explanatory variables in the equation or the
model obtained as described above. According to this, the
sex difference may be determined accurately. Further, in
addition to the high frequency range, it is preferable to
uge the intensities of the spatial frequencies in the low
20 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

25 A sex determination is performed by applying the
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15 ages by appearance as objective variables, and with spatial frequencies (f) as explanatory
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 20
and an impression age by appearance (evaluation by new recruits) are provided. In Equation 2, it is
understood that eight explanatory variables are selected from four spatial frequency band groups, so
the age may be estimated correctly by selecting appropriate frequencies from the 25 respective spatial
frequency groups. Fig. 8 is a graph indicating correlations (a calibration curve) between the
impression.ages:by appearshce{evalpatiom by fre geenecasts] and thidestimated.ages (the predicted
values) estimated by the equation (2). In addition, when the 5 evaluators of the impression age by
appearancerwesubstituted frohetHeudele edcrbits 16 theeakperiso theomulipte BefekhtibREbefficient (R)
of the prediction equation increases to 0.937, so it is understood that the impression age by
appearancEifay dessstirhste 8 Wit Righer 105768 of REcUREFBBESRESIMAEF Value of Actual
Age> = f132 x 84.220 + f38 x (-52.441) + f155 x 48.123 + 3 xlg-18.802 + 102 x 46.773 - 124.562(1)
Multiple CS¥aiEfiaH COHEIERMTRS S G283 185F 38CHBER, YAG 116 %r@@ot Hiific scales of

pOWEESOngB%%EE4g§gHegIggé' The application includes matching

numerical values to a model in addition to substituting
numerical values to the equation.
According to thig, the sex grouping variable may be

calculated, so the sex may be determined by the sex

10 grouping variable.
[0076] In the sex determination method according to
the invention, facial image data of a subject whose sex is
to be determined is acquired, and a ¥FFT processing is
performed on the facial image data to calculate the

15 intensities of the spatial 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

20 of gpatial frequencies", as prepared in advance. Baged on
the obtained sex grouping variables, the sex may be
determined.
[0077] {5] Sex Determination Apparatus according to
the Invention

25 A detexmination apparatus according to the invention
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<Estimated Value of Impression Age by Appearance (Evaluation of New Recruit)> = f3 x (-16.407) +
f35 x (- 42.423) + {36 (-37.139) + f43 x 43.577 + 53 x 14.451 + 20f132 x 96.466 + f142 x 65.208 +
f242 x 19.649 - 198.272 ---(2) Multiple Correlation Coefficient (R) = 0.881 * {3, f35, 36, f43, {53, 132,
f142, and f242 are  logarithmic scales of powers of the spatial frequencies. 25[0087](4) Estimation
of Actual Age and Impression Age by Appearance After intensities of spatial frequencies from facial
images of eight female test examinees (subjects) to be estimated (in the average age of 43.1 years)
are obtained, 5 actual ages and impression ages by appearance (evaluation of new recruits) are
estimated byusindetheanuliiplesmgicssior équdtivnsnd) and {2) baltulatdd-ad deseribed above. In
addition, in the case of using the impression ages by appearance evaluated by the experts, the
estimation 1gris petforteddy cielatdg femirassians efuatiorf itd ainildfdagnt&tFhe results are
listed in Table 1 (Error = Estimated Age - (Actual Age or Impression Age by Appearance)). According
to this, it isdndersteBdIRAt a&uéﬁiﬁ'@ﬁ&n@ﬂﬁ&e%%’r%ﬁ aJeRFapisearance 15 estimated with
a high degree of accuracy. In addition, it is underst%gd that it is greferable to, use the, @ﬂletiér)le

regression BYjuhtioRForadtiify FRpreSsdh dyes Tty -A5sehrincs fh Aids 5t a2tiraey “5nd it is
prefergble {q.use IMRLESSON. 2025 DY BRPSAANCE SYAMAIRd PY NG RS s nage aata,

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

10 [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

15 A determination program according to the invention
causes a computer, other devices, other machines, and the
like to function as an intensity calculating unit that
calculates intensities of gpatial frequencies from facial
image data of a subject, a storage unit that stores sex

20 correlation data indicating a correlation between sexes and
intensities of spatial frequencies 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

25 unit with the sex correlation data stored in the storage
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20 in terms of a higher degree of accuracy. [00881 [Table 1] NO. Actual Age Error (Actual A ge)
Error (Impression Age by Appearance - New Recruit) Error (Impression Age by

unit. In addition, the program according to the invention
may be stored in computer readable storage media.
[oo80] [7} Age Estimation Apparatus according to
Another Embodiment
5 As 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
10 Dbetween ages and intengities of spatial freguencies 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
15 according to the invention, selecting the correlation
between ages and intensities of gpatial 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
20 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 gpatial frequencies obtained from facial

25 image data, and male age correlation data and female age
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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 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.

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
foog3l <l> 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 % 30 cm are captured by using a digital camera. The
gpatial freguency analysis is performed on the imag@s by
édjusting bfightness cf the images using Photoshop
(registered trademark) CS3 manUfactured by Adcobe systems

Incorporated, obtaining grayscale image (see Fig. 1) data

of 1024 x 1024 pixels, and using the spatial frequency

analysis 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 A4-

size printed materials of the grayscale images are
evaluated by 9 new recruits (5 males and 4 females) who are
in the first year after the college graduation-and do not
have 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 ageg 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) Analvygis of Characterigticg of Female DE
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62 -2.6 -1.8 871 4.5 3.3 2.4 Example 2 5[0089]<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
10 and the intensities of the spatial frequencies”.

10

15

20

25

By uging PASW (registered trademark) Statistics 17.0
manufactured by SPSS Inc., correlation analysis and cluster
analysis is performed on the female DB. According to
Pearsdn correlation coefficient {(two tailed) between the
ages {the actual ages and the impression ages by
appearance) and the iﬁtensities of the spatial frequencies
(see Fig. 4), it is understood that significantly high
aging information exists in a wide range (correlation
coefficient > 0.60) of 90 to 360 {cycles/image-width). In
addition, from the dendrogram obtained.b? cluster analysis,
the spatial frequencies with similar change characteristics
in the intensity are classified into four spatial frequency
bands as follows. When aging informatioh existing in the
respective bands is analyzed by increasing or decreasing
the intensities of the gpatial frequencies in respective
band and changing the facial image daéa, agihg structure
information is unevenly distributed in each of the sgpatial
frequency bands, for example, information about tense
feelings or flabbiness exisgts in 0 to 50 {cycle/image-
width), information about deep wrinkles and face lines
exists in 50 to 100 (cycles/image-widith), information about
fine wrinkles and the like exists in 100 to 200
{cycles/image-width), and further information about texture
or sghiny feeling of the skin surface exists in 200 to 5i2

(éycles/image-width). In addition, since the uneven
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(1) Preparation of Male DB with "Actual Age and Intensity of Spatial Frequency" As to 139 males
(in the age of 19 to 84 years, average age of 51.51 17.83 years), a DB with actual ages 15 and
intensities of spatial frequencies (powers and band values) is prepared in the same manner as
Example 1. [0090](2) Analysis of Characteristic of Male DB Correlation analysis and cluster
analysis are performed on the male DB in the same manner. According to 5 Pearson correlation
coefficient (two tailed) between the actual ages and the intensities 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/imdgewidthi By intépreting trecdehdrogrii, ithe iopleseniil gavapilhg stiuctere
information is unevenly distributed per spatial frequency band as presented in the female DB. By
comparingth@sB P edtH bekes: Hive EiffeFerfapreaénfedtilusgs v 2A88Ss PESSHTIZES That is, it is
inferred that the difference in the low and 15 medium frequency ranges (20 to 100 cycles/image-width)
is caused bBE&RYa FaptdRhahGERA ArhdfliN ArddiRGStRBtUPEREEN HeaEndiBN %r flabbiness is
more noticeable than that of a female, and the difference, in the high frequency range (200
cycles/imageRitfitor tore] 1 84956028 beddusetha Sk Fe&?t?r% (F fédling, fineness in texture)

of a male is worse than a female egnaa[gless of age and a, cré%negelglj(ae male in an (ﬁgér%lg structure is
effectl

hardlf/5 noticeabla, oo That 1S it 1s Undétstood tiat in case of a male:,Lch 75718 ve To use the

band of abayt 00 200, evsles/imageayidihlor estimatiog ap.age, 15 gddlien i fhe analysis of the

female DB, it is understood from the interpretation of the dendrogrami, that different aging information

exists in band, ¢ U W20 cyelesimagesm Wb, §Q§%4991cyéle§5g@g§1width, 100to0 150
cycles/imagée-width and 150 cycles/image-width or more. [0091](3) Preparation of Equation Indicating
"Relation @W@Q@M@Mﬁa@ngfntﬁﬁskﬁ)éQE%ﬁiitﬁifrﬁq@Qﬁ%’inat ion thereof.
| [0085] kB)”Preparation of Equation Indicating
10 . "Relation between Actual Ages and Intensity of Spatial
Freguencies or between Impression Ages by Appearance and
Intensitiegs of Spatial Frequency®
Multiple regression analysié (stepﬁise method) is .
performed on the female DB with actual ages and impression
15 ages by appeérance as objective variables, and with spatial
frequencies (f).as explanatory variables by using SPSS
{fegister@d trademark) 15.0J manufactured by SPSS Inc. As
a result, the equations (1) and (2), that is, exampies of
the multiple regression equation estimating an actual age
20 and an impression age by appearance (evaluation by new
recruits) are prdvided. In Eguation 2, it is understcod
that eight explanatory variables are selected from four
spatial frequency band groups, so the age may be estimated

correctly by selecting appropriate frequencies from the

25 respective spatial frequency groups. Fig. 8 is a graph
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10Multiple regression analysis (stepwise method) is performed on the male DB of Example 2 with
actual ages as objective variables and with spatial frequencies (f) as explanatory variables by using
SPSS (registered trademark) 15.0 manufactured by SPSS Inc. As a result, the equation 15(3), an
example of the multiple regression equation for estimating an actual age is expressed as follows.
[0092]<Estimation Value of Actual Age> = 135 x 80.839 f5x (-23.510) + f3 x (-10.595) + f105 x 64.765
- 164.187 (3) 20Multiple Correlation Coefficient (R) = 0.794 * 135, 5, f3, and f105 are logarithmic
scales of powers of the spatial frequencies. [0093](4) Estimation of Actual Age Like a female
age estimdtishisethdty apridtgapagecin5  astiradteluntising MuNsle RegressionBruation (3)
calculated as described above, after the intensities of the spatial frequencies are obtained from facial
image datdBPRFE e et ek aMin88P EHFEES) 16D LehdRA (B dvefagiHge of 40.8 years). The

results are listed in 5 Table 2 (Error = Estimated Age - (Actual Ageé%. Accordin% to this, it is understood
that the actG4l'agbE estfthtdGHifics At G0ra8 of adtiiacy obedf-ec vatues

estimated by the equation (2}. In addition, when the
5 evaluators of the impression age by appearance are

substituted from the new recruits to the experts, the
multiple correlation coefficient (R) of the prediction
equation increases toc 0.937, so it is understood that the
impression age by appearance may be estimated with a higher

10 - degree of accuracy.
ivose] <Estimated Value of Actual Age> = 132 x 84.220

+ £38 x (-52.441) + £155 x 48.123 + £3 x {~18.802}) + f102 x

46.773 - 124.562 cee (1)
Multiple Correlation Coefficient (R) = 0.863
15 * £132, £38, fi155, £3, and £102 are logarithmic

scales of bowers of the spatiai frequencies.

<Estimated Value of Impression Age by Appearance
(Evaluation of New Recruit)> = £3 x (-16.407) + £35 x (-
42.423) + £36 (-37.139) + £43 x 43.577 + £53 x 14.451 +

-20 £f132 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 freguencies.

25 [c0o87] (4) Estimation of Actual Age and Impression Age
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[Table 2] No. Actual Age Error 211.92 28-2.2 3362.0453-5.1

10

15

20

by Appearance

After intensities of spatial frequencies from facial
images of eight female test examinees (subjecté} to be
estimated (in the average age of 43.1 years) are obtained,
actual ages and impression ages by appearance (evaluation
of new recruits) are estimated by using the multiple
regressidn.equations (1) and (2} calculated és described
above. 1In addition, in the case of using the impression
ages by appearance evaluated by the experts, the estimation
is performed by calculating the regression equation in a
gimilar manner. The results are listed in Table 1 (Erroxr =
Estimated Age - (Actual Age or Impression Age by
Appearance) ). According to this, it is understood that
actual ages and impreséion ages by appearance may be.
estimated with a high degree of accuracy. In additiom, it
is understood that it is preferable to use the multiple
regression egquation for 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.

[0088]
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66 4.6 10 Example 3 [0095]<3> Makeup Effect on Impression Age by Appearance The effect of
makeup on an impression age by 15 appearance is 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 frequencies, the multiple regression equation

(2) for estimating an impression age by appearance is applied to calculate the impression ages by
appearance evaluated from the bare faces and the makeup faces. When the age errors of the makeup -
faces from the bare faces as standards are calculated, it is resulted that the age error of the
50-year-old female is +0.7 years 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 undaficod-that the calculation of the 10 impression age by appearance is a quantitative

technique Error Error
- (Impression {ITmpression
No. Actual Age mrrorA Sﬂgctual . Age by - Age by
g Appearance - Appearance -
New Racruit) Expert)
i 20 1.7 1.2 0.9
2 25 ~2.3 ~2.0 -1.2
3 3z 2.1 1.1 0.4
4 _ 38 ~d .3 -3.1 -1.4
5 44 -6.1 -2.0 -1.6
6 53 5.4 2.2 1.5
7 62 -2.6 -1.8 -1.8
8 71 4.5 3.3 2.4
Example 2
5 [0089] <2> Estimation of Male Age

The same review of the Example 1 is performed b?
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

10 and the intensities of the spatial fregquencies®.

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

As to 139 males (in the age of 19 to 84 vears,
average age of 51.51 * 17.83 years), a DB with actual ages

15 and intensities of spatial frequencies (powers and band
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that is 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 15 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). 20 Example 4 [0096]<4> Sex Determination
(Determination Equation and Discriminant Analysis Result) As described in Example 1, images
are obtained and processed to obtain the intensities of the spatial 25 frequencies from the female DE
in Exampledlid:=)140% apdetrernadlel DEN=<180% imERardple2. Fh@itehs of sex grouping variables
are added to the DBs, and then discriminant analysis is performed by using PASW (registered

~ trademark) $#&fstics 17.0(fantifectiietny S PESE ¢ erhesdbitained diacdrimMant function (the
determination equation (4) and the determination result (Table 3 and Fig. 10) are presented as follows.
It is understood tHz® & $&% deterafifatiohie FEMdrmEdSHEF IR ECaIFady 6£60% or more from Table
3 and Fig. 10. In addition, the 10 logarithmic scale of power of f173 influences most in the :

determinafiGit Eaﬁglﬁéln 4, blifad'ddEcitfed Bodvis BT cAGEBY By the SER &n&€in the change
1 ne{oE ST Sutain s 1 Goe . S TIpIepre L nggigod it e s

actual ages and the intensities of the spatial frequencies
(zee 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

10 is presented that aging structure information is unevenly
distributed per epatial frequency band as presented in the
female DB. By compariﬂg.the DB of both sexes, the
difference presented in Figs. 4 and 5 is recognized. That
ig, it is inferred that the difference in the low and

15 medium frequency ranges {20 to 100 cycles/image-width} is
caused because a rapid changé of a male in an aging
structure such as tension or flabbiness is more noticeable
than that of a female, and the difference in the high
frequency range (200 cycles/image-width or more) is caused

20 because the skin texture (rough.feeling, 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 understocd that in case of a male, it

25 ig effective to use the band of about 0 tcoc 200
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and flabbiness) in the éex 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. 20[0097]<Linear Discriminant Function> = f3 x 1.564 + 6 x 3.340+f7 x 3.141 + f41
x 0.669 + 173 x (-8.400) - 8.895 ---(4) Canonical Correlation Coefficient (R) = 0.811 * {3, 16, 7,
f41, and f173 are logarithmic scales of 25 powers of the spatial frequencies. [0 0 98 ] [Table 3] Sex
Female Male Total Original
cycles/image-width for estimating an age. In addition,
like the analysis of the female DB, it is understood from
the interpretation of the dendrogram, that different aging
information exists in band ranges of ¢ to 50 cycles/image-
5 width, 50 to 100 cycles/image-width, 100 to 150
cycles/image-width, and ‘150 cycles/image-width or more.
[c091] (3) Preparation of Eguation Indicating
"Relation between Actual Age and Intensity of Spatial
Freqﬁéncy"
10 Multiple regression analysis (stepwise method) is
pexrformed on the méle DB of Example 2 with actual ages as
objective variables, and with spatial frequencies (f) as
explanatory variables by using SPSS (registered trademark)
15.0 manufaétured by SPSS Inc. As a result, the equation
15 (3), an example of the multiple regression equation for
estimating an actual age is expressed as follows.
[0092] <Egtimation Value of Actual Ages> = f135 x 80.839
+ £85% (-23.510) + £3 x (-10.595) + £105 x 64.765 - 164.187
(3)
20 Multiple Correlation Coefficient (R} = 0.794
* f135, £5, £3, and f£105 are logarithmic scales of
powers of the spatial frequencies.
[06093] {(4) Estimation of Actual Age

Like a female age estimation method, an actual age is

25 estimated by using Multiple Regression Equation (3)
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Data Frequency Female 126 14 140 Original Data Frequency Male 11 128 139 Original Data %

calculated as described above, after the intensities of the
spaﬁial frequencies are obtained from facial image data of
five male tesﬁ @xaﬁinees {subjectsg) to be estimated (an
éverage age of 40.8 years). The results are listed in

5 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.%

2 - : 28 -2.2

3 36 2.0

4 53 -5.1

5 ' - 66 4.6
10

Example 3

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

Appearance

The effect of makeup on an impression age by
i5 éppearance is considered according £o 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 yeaxrs) to calculate the spatial frequencies, the

multiple regression equation (2} for estimating an
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Female 90 10 100 Original Data % Male 8 92 100 Cross Validation Frequency Female 124

impression age by appearance is applied to calculate the
impression ages by appearance evaluated from the bare faces
and the makeup faces. Wﬁeﬂ the age errors of the makeup
faces from the bare faces as standaxds are calculated, it
5 ig resulted that the age error of the 50-year-old female is
+0.7 years to éresent that the app@arénce hardly changes,
while the age error of the 62-year-old female (see Fig. 9)
is -9.8 years to présent that the appearance looks much
younger, and it is understood that the calculation of the
10 rimpréssion age by appearance is a quantitative technigue
that is 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
15 effect of the cosmetic materials on the aging structure may
be inferred guantitatively from the changes of the weights
of the explanatory variables (respective spatial frequency
bands from grayscale images) in the multiple regression
equation (2).
20 Example 4
[0096] <4> Sex Determination (Determination Eguation
and Discriminant Analysis Result)
As described in Example 1, images are obtained and
processed to obtain the intensities of the spatial

25 freguencies from the female DB in Example 1 (N = 140) and
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16 140 Cross Validation Frequency Male 11 128 139 Cross Validation 96 Female 89 11 100

i0

i5

20

25

the male DB (N = 139) in Example 2. The items of sex

- grouping variables are added to the DBs, and then

discriminant analysis is pexformed by using PASW
(registered trademark) Statistics 17.0 manufactured by SPSS
Inc. The obtained discriminant function {the determination
eguation (4} aﬁd.the determination result (Table 3 and Fig.
10} are presented ag follows. It is understood that the
sex determination is performed with the accuracy of 20% or
more from Table 3 and Fig. 10. 1In addition, the
logarithmic scale of power of £173 influences most in the
determination eguation (4), but as described above, this is
caused by the sex difference in the éhange 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, 1in addition to the entire face, are adeguately used
for facial image data used in the sex determination.
[0097] <Linear Discriminant Function> = £3 x 1.564 + f6
X 3.340+f7 x 3.141 + £41 x 0.669 + £173 x (-8.400) - 8.8895
(4)
Canonical Correlation Coefficient {(R) = 0.811
* £3, f6, £7, f41, and f173 are logarithmic scales of

powers of the spatial frequencies.
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Cross Validation 96 Male 8 92 100 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 63 years, the average age of 49.01 17.02 years) 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 by using the spatial frequency analysis 5 software manufactured by the
company of the inventors with MATLAB (registered trademark) manufactured by The MathWork Inc.
Subsequently, a female DB with actual ages and intensity of spatial frequencies is prepared.

[0098]
[Table 3]
Sex Female Male Total
Original ‘
Frequency Female 126 14 140
Data
Original
Fregquency Male 11 128 139
Data
Original
- % Female 30 10 100
Data '
Original .
% Male 8 92 100
Data
Cross
Frequency Female 124 16 140
Validation :
Cross -
Frequency - Male 11 128 139
Validation
Cross
% Female 89 11 100
Validation
Cross.
% Male - 8 92 100
Validation
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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[0100](2) Analysis of Characteristic of DB 10Correlation 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 15 monochrome image data. That is, the correlations of B channel tend to be high in the band
of 50 to 150 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. 20When 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. [Q1RHE3) RiepasationsefEquations ndicaging+Actuab 25-Agerand intensity ebSpatial
Frequency" Multiple regression analysis (stepwise method) is performed on the DB with actual
ages as objective yariables, and with splatiali fiequencies:(fhas exglagatory vasables by using PASW
(registered trademark) Statistics 17.0.3 to 5 obtain a multiple regression equation. As a result, the
intensities Yfalé shafiaieatfrerica FeloRgifg 16 10016 IB0Y clas/iffaberwidia 8 theoB channel have
the highest correlation coefficients. The intensities of the spatial frequencies are selected 10 from all

the RGB chédfels a9 8tpBhdphg vaiapesnBigt 12 i RHfrdeH ifaiedng i raRions &S

5 software manufactured by the company of the inventors with
MATLAB {registered trademark) manufactured by The MathWork
Inc. Subseguently, a female DB with actual ages and
intensity of spatial-f?equencies is prepared.

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

10 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 chanhels.are different from the
correlation of the spatial frequencies obtained from the

15 monochrome image data. That is, the correlations of B
channel teﬁd to be high in the band of 50 to 150
cycles/image-width. In addition, the correlations of the R
channel tend toc be high in the band of 0 to 50
cycles/image-width.

20 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

25 Age and Intensity of Spatial Fregquency"
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calibration curve) between actual ages and estimated ages (prediction values) estimated by the
obtained multiple regression equation. It is understood that the multiple 15 correlation coefficient (R) is
0.945, and the actual age is estimated with an extremely high degree of accuracy. Example 6
[0102]<6> Age Estimation by Using Lip Image (1) Preparation of DB with "Actual Age and
Intensity 20 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 x 1024 pixels for interpretation is prepared by 25 overlaying mask layers for extracting lip

portions from the Matiai mages: Gpatiak veqeercyyanay sis isperfermedtohdalr types of the image
data obtained from the color images that are image data from the RGB channels and the monochrome
image dataebiaineddydrighisessfconi/ersien byblusiag thexspalial fretliency anaiisesoftware
manufactured by the company of the inventors with MATLAB (registered trademark) manufactured by
The MathWok et ISupRagledty sruBSHt a6tuaFages afsmiensites vf ¥patiat irefBencies (powers
and amplitude values) is prepared. 10[0103](2) Analysis of Characteristic of DB Correlation
analysis isPerfrHsd Bﬁ‘%ﬂe bEeEY- G5RE A SWAGEGR b d BadienidrkfStatibtifs 37 ¥ manufactured
by SPSS Inc. As aresult, a tendenc%ﬁ}hat the correlation, coefficients of the B channel are different

from the 1%%5%@06“81:%%%%% EGFSHIES ShARe Fom the monochrome image data is found.

That is, the correlgtions of B @gnn$ are j_enstpgrgisa__{l hjﬁ%h infthgrpeansd %ftaibqyt 170to 180
a

cycles/image-wid K wherfe the cotrelation’is genera ﬁ/ |gﬁ. According to this, it is understood that 20

theimpoﬂ%@ga@ggé@@gng@%&gai@&i%Hu%&#xk@thO cycles/image-width of
the B channel have the highest correlation coefficients. -
The intensities of the spatial frequencies are selected
10 from all the RGB channels as explanatory variables.

Fig. 11 1is a graph indicating correlations (a
calibration curve) between actual ages and estimated ages
(prediction vélues) estimated by the obtained multiple

- regression equation. It i1s undexstood that the multiple
15 correlation coefficient (R) is 0.945, and the actual age is
egstimated with an extremely high degree of accuracy.
Example 6
[0102] <6> Age Estimation by Using Lip Image
(1) Preparation of DB with "Actual Age and Intensity
20 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 x 1024 pixels for interpretation is prepared by

25 overlaying mask layers for extracting lip portions from the

65



band of 150 to 200 cycles/image-width of the B channel. In addition, cluster analysis is performed
on the spatial frequencies of the monochrome image. The conditions are Ward's method, squared
Euclidean distance 25 and z-scores (per variables). As a result, the spatial frequencies are classified
into four ranges of 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 5 analyzed 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 288da Hil 2icyotestimagearidtnl |03 Rreparsdibn of £ quatipr hidicakdy 20 "Relation
between Actual Age and Intensity of Spatial Frequency", Multiple regression analysis (stepwise
method) i performyaet enadlie DR withaaptualaiye sastetjeet etvainbids arelwith spagdsrequencies
(f) as explanatory variables 15 by using PASW (registered trademark) Statistics 17.0 thereby obtaining
a multiple tbgressibh cdirdiondata Asrevestie aBiirafilAomnAd intensitie8df the spatial frequencies
belonging to 1 to 200 cycles/imagewidth of the R and B channel are selected as explanatory 20
variables. BFREGHIEME, tHeAAterdfied (Fhhé SpafalteRiehds5indgiRG 617638 186

cycles/image-width of the B channel have the highe t correlation coefficients. El% 12 iséa graph
indhéﬁng%ﬁﬁ@%ﬂBH?(gpatlal frequency alysis software manuzacture .

by the company of the inventors with MATLABr(registered
trademark) manufactured by The MathWork Inc. Subsequently,
a DB with actual ages and intensities of spatial
frequencies (powers and amplitude values) is prepared.
10 [0103] (2) Analysis of Characteristic of DB
Correlation analysis ie performed on the DB by using
PASW (registered trademark) Statistics 17.0 manufactured by
8PSS Inc. As a result, a tendency that the correlation.
coefficients of the B channel are different from the
15 correlation of the spatial frequencies obtained from the
monochrome image data is found. That is, the correlations
of B channel are especially high in the band of about 170
to 180 cycles/image-width where the correlation is
generally high. According to thig, it is understood that
20 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 is performed on the
spatial frequencies of the monochrome image. The
conditions are Ward's method, squared Euclidean distance

25 and z-scores (per variables). As a result, the spatial
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calibration curve) between actual ages and estimated ages 25 (prediction values) estimated by the
obtained multiple 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 5 [0105]<7> Age
Estimation by Using Cheek 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 10 obtained by using a digital camera (see Fig. 1). The color image data of
1024 x 1024 pixels for interpretation is prepared by overlaying mask layers for extracting cheek
portions frometredaciatmages. Spatial fregdencytandysiy isspadersnafoff féur tyPes of the image
data that 15 are image data from the RGB channels and the monochrome image data obtained by
brightnesscatshversidndgeusiag e spdtial fregB8nsy 8RE S sARFe Fdhufa@Brd®by the company
of the inventors with MATLAB (registered trademark) manufactured by The MathWark Inc.
Subsequefly, £DBLFA TPERUEFAGEY ard htedStidLoPdratial FeGiendag i Brepaied. [0106](2)

Preparation of Equation Indicating "Relation between Actu IéAgre and Intensity, of psatila}E! Frequency"

25Multiple’ RGeSt Enafy SR Bidphibe Fetfodg 17 © espective “ban

5 analyzed by increasing or decreasing the intensities of the
spatial freguencies in the bands and changing the facial
:image, it is understood that éging information réreiy
exists in the range of 240 to 512 cycles/image-width.
[0104] - (3) Preparation of Equaﬁion Indicating
10 "Relation between Actual Age and Intensity of Spatial
Freguency"

Multiple regregsion analysis (stepwise method) is
performed on the DB with actual ages as objective variables,
and with spatial freguencies (f) as explanatory variables

15 by using PASW (registered trademark) Statistics 17.0
thereby obtaining a multiple regression equation.

As a result, a plurality of the intensities of the
spatial frequencies belonging to 1 to 200 cycles/image-
width of the R and B channel are selected as explanatory

20 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

25 (prediction values).estimated by the obtained muitiple
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performed on the DB with actual ages as objective variables, and with spatial frequencies (f) as
explanatory variables by using PASW (registered trademark) Statistics 17.0 thereby obtaining a
multiple regression equation. As a 5 result, a plurality of the intensities of the spatial frequencies
belonging to 1 to 200 cycles/image-width of all the RGB channel are selected as explanatory variables.
Among them, the intensities of the spatial frequencies belonging to 150 to 170 cycles/image-width of
the B channel 10 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 muliiptsseepsessigruaqtatan. it is usdenstbodsthatthethattiptén 25 wolrelgtiba coefficient (R) is
0. 846, and the actual age is estimated with a high degree of accuracy. [0107]From the results of the
Examplesdand Vait iounderstdod-thanthe Bye hsaylbd Stimarell wite salvighalbghseofi&ccuracy by
using the portions of the face such as lips 20 and a cheek. It is also understood that the spatial
frequencydrintiahacthatic-dging MBmatses ehafde AEEBYERTG to the portions, but the bands may be
specified by performing correlation analysis. According to this, it is understood that the age may be
estimatedWa@S certain portion of the face that may change according to aging. INDUSTRIAL

APPHy)A%%{EE] <7> Age Estimation by Using Cheek Image

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

The facial images of 140 females (in the ages of 18

to 82 years, the average age of 49.01 & 17.02 years) are

10 obtained by using a digital camera (see Fig. 1). The color
image data of 1024 x 1024 pixels for interpretation is
prepared by ovérlaying mask layexs for extracting cheek
portiong from the facial images. Spatial freguency
analysis is performed on four types of the image data that

15 are image data from the RGB channels and the monochroﬁe
image data obtained by brighfness 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

20 actual ages and intensities of spatial frequencies is
prepared.
[0106] (2) Preparation of Eguation Iﬁdicating
"Relation between Actual Age and Intensity of Spatial

Frequency"

25 Multiple regression analysis (stepwise method) is
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[0108]The technology for estimating an age according 5 to the invention may be used in evaluating the
effects of esthetic treatments, skin care, makeup, health foods, cosmetic surgeries, or the like, and in
advices or counseling with the evaluation result. In addition, the technique for estimating an age or
determining a sex may be 10 widely used in a system for monitoring liquor, cigarettes, or the like or as
marketing information: CLAIMS 1. An age estimation method comprising: estimating an age of a
subject from facial image data 5 of the subject based on a correlation between ages and intensities of
spatial frequencies obtained from facial image data. 2. The age estimation method according to claim
1, 10whereérthercerdelatiortare &pressed dyamdquation athelmedsal iand trermethicescomprising:
obtaining an estimated age of the subject by applying the intensities of the spatial frequencies from the
facial imagadatd bhthersubject 16 tieareguates ol 4 mede| e¥P Japatmyerestamatidni method
comprising:  acquiring facial image data of a subject; calculating intensities of spatial frequencies
from the muﬁégqgcigﬁ%gér@ga’sgﬁged trademark) Statistics 17.0

ther@by.pbﬁaining a multiple regression e@uation. As a
5 result, a plurality of the intensities of the spatial
frequencieé beloﬁgiﬁg to 1 to 200 cycles/image-width of all
the RGB channel are selected as explanatory variables.
Among them, the intensities of the spatial frequencies
belongiﬁg to 15C to 170 cycles/image—width of the B channel
10 have the highest coxrelation coefficients.

Figf 13 is a graph indicating correlations
{(calibration curve) between actual ages and estimated ages
(prediction values) estimated by the obtained multiple
regression equation. It is understood that the multiple

15 correlation coefficient (R} is 0. 846, and the actual age
is estimated with a high degree of accuracy.
(01071 From the resultsg 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

20 and a cheek. It is also understood that the spatial
frequency bands that have aging information change
accoxrding 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

25 certain portion of the face that may change according to
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20calculating 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. 25 4. The age estimation method
according to claim 2 or 3, wherein the equation is a multiple regression equation obtained from
multiple regression analysis or a prediction equation obtained from PLS. 5. The age estimation
method according to any one of claims 1 to 4, wherein the facial image data is image data of a
portion of a face or an entire face. 6. The age estimation method according to any one of claims 1 to
5, whergimthe age is an actual age or an impression age by appearance. 15 7. The age
estimation method according to any one of claims 1 to 6, wherein the facial image data is color image
data, and the intensities of the spatial frequencies include 20 comblnatlons of the intensities of the

spatial frequencies calculated from a plurality of color channels.
INDUSTRIAL APPLICARILITY

{0108} The technology for estimating an age according
5 to the invention may be used in evaluating the effects of
egsthetic treatments, skin care, makeup, health foods,
cdsmetic surgeries, or thellike, and in advices or
~counseling with the evaluation result. In addition, the
techniqﬁe'for‘estimating an age or determiningia sex may be
10 widely used in a system for monitoring liquor, cigarettes,

or the like or as marketing information.
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8. The age estimation method according to any one of claims 1 to 7, 25wherein the spatial frequencies
belong to a plurality of different spatial frequency bands. 9. The age estimation method according to
claim 8, 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. 10. The age estimation method
according to claim 8 or 9, wherein the spatial frequencies that belong to the 10 spatial
frequency bands preferably have a difference of 10 cycles/image-width or more. 11. The age
estimation method according to claims 8 to 10, wherein the subject is a female, 15the correlation is a
correlation between ages and intensities of spztial frtequencies 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 20 bands as follows: 0 to 50 cycles/image-width; 50 to 100
cycles/image-width; '
' 1. An age estimation method comprising:
estimating an age of a subject from facial image data
5 of the subject based on a correlation between ages and
intensities of spatial freguencies obtained from facial.

image data.

.2. The agé estimation method according to claim 1,
10 wherelin the correlation are expressed by an eguation
or_the model, and the methced 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 eguaticn or a model .
15
3. An age estimation method comprising:
acquiring facial image data of a subject;
calculating intensities of spatial fr@quéncies from
the acquired facial image data; and
20 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 obtéined from facial image data.

25
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100 to 200 cycles/image-width; and 200 cycles/image-width or more. 25 12. The age estimation
method according to claims 8 to 10, wherein the subject is a male, the correlation is a correlation
between ages and intensities of spatial frequencies obtained from facial 5 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 cycles/image-width; 1050 to 100 cycles/image-width; 100
to 150 cycles/image-width; and 150 cycles/image-width or more. 13. The age estimation method
according to any one of 15 claims 8 to 10, wherein the correlation is a correlation between ages
and intengities of spatiabieguencies abtained:from imagerdataof tips,c1aimthie spatigl frequencies
include at least three 20 spatial frequencies that belong to respective spatial frequency bands as
follows: wherein the equation is a multiple regression

equation obtained from multiple regression analysis or a

prediction eguation obtained from PLS.

5
5.  The age egtimation method according to any one of
claims 1 tc 4,
wherein the facial imags data i1s image data of a
portion of a face or an entire face.
10
6. The age estimation method according to any one of
claims 1 to 5,
wherein the age i1s an actual age or an impression age
by appearance.
15

7. The age estimation method according to any one of
claims 1 to 6,
wherein the facial image data is color image data,
and the intensities of the spatial frequencies include
20 combinations of the intensities of the spatial frequencies

calculated from a plurality of coler channels.

8. The age estimation method according to any cne of
claims 1 to 7,

25 wherein the spatial freguencies belong to a plurality
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0 to 40 cycles/image-width; 40 to 100 cycles/image-width; and 100 cycles/image-width or more. 25

14. An age estimation apparatus comprising: an intensity calculating unit that calculates intensities
of spatial frequencies from facial image data of a subject; 5a 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 10 spatial frequencies calculated by the intensity calculating unit with the age
correlation dfatai stofed émthesstorage. udite cutbcAn lagedestimation program causing a computer to 15
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 20 expresses a

correlation between ages and intensities of
The age estimation method accordlng to claim 8,

wherein the spatial frequency kands are low freguency
5 band of 50 cycles/image-width or less and high freguency

band of larger than 50 cycles/image-width.

10. The age estimation method according to claim 8 cor 9,
wherein the spatial freguencies that belong to the
10 spatial freguency bands preisrably have a difference of 10

cycles/image~-width or more.

11. The age estimatien method according to claims 8 teo 10,
wherein the subject is a female,

15 | the correiatien is a correlatioh between ages and
intensities c¢f spatial freqguencies 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 freguency

20 bands as follows:

0 to 50 cycles/image~-width;

50 to 100 cycles/image-width;

100 to 200 cycles/image-width; and
200 cycles/image-width or more.

25

73



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 25 spatial frequencies calculated by
the intensity calculating unit with the age correlation data stored in the storage unit. 16. A sex
determination method comprising: 5determining 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
facial image data. 10 17. The sex determination method according to claim 16 comprising determining
the sex of ttie. subjest by applying:thei intensitigscef the spatialirequencies froin the-tacial image data
of the subject to an equation or model, 15wherein the correlation is expressed by the equation or the
model. 18. The sex:determindtionsmetiod-accordingdd elaim 17, wherein the equation is a
discriminant function 20 obtained by discriminant analysis. 19. The sex determination method
acadegtoanycﬁﬁ?oﬁ@éﬁ%ﬁ@@i@&S?S a correlation between ages and

intensities of spatial frequencies obtainedrfrom facial
5> image data of entire faces of males, and
the spatial frequencies include at least four spatial
freguencies that belong to respective spatial freguency
bands as folilows:
0 to 50 cycles/iﬁage—width;
10 50 to 100 cycles/image-width;
100 to 150 cycles/imagemwidth; and

150 cycles/image-width or more.

13. The age estimation method accprding 0o any onege of
15 claims 8 ﬁo i¢, |
wherein the correlation is a correlation between ages
and intensities of spatial frequencies obtained from image
data of lips,
the spatial freguencies include at least three
20 spatial frequéncies that belong to resgpective spatial
frequency kands as follows:
0 to 40 cycles/image-width;
40 to 100 cycles/image-width; and
100 cycles/image-width or more.

25
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wherein the spatial frequencies belong to bands of 25100 to 250 cycles/image-width. .20. A sex
determination method comprising: acquiring facial image data; calculating intensities of spatial
frequencies from the acquired facial image data; acquiring a sex grouping variable by applying the
calculated intensities of the spatial frequencies to a discriminant function that is prepared in advance
and expresses a correlation between sex grouping variables and 10 the intensities of the spatial
frequencies obtained from facial image data; and determining a sex based on the obtained
grouping vatidbles 216 23eA sex determination appaiatuse@pprisings:  an intensity calculating unit
that calculates intensities of spatial frequencies from facial image data of a subject; a storage
unit that stores sexazorielatioredata thaf 20 expressesmaicorralation: betweaensexes and intensities of
spatial frequencies obtained from facial image data; and a sex determining unit that determines a sex
of the subjett by Hatehng) thé inteasities of tkarspatiales ffequenties edlcutaterkby #eintensity
calculating unit 25 with the sex correlation data stored in the storage unit

of a subject;

5 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
10 spatial freguencies calculated by the intensity calculating

unit With the age correlation data stored in the storage

unit.

15. An age estimation program causing a computer to
15 function as:
an intensity calculating unit that calculates
intensities of spatial freguencies from facial image data
of a subject;
a storage unit that stores age corrvelation data that
20 expresses a correlation between ages and intensities of
spatial freguencies cbtained from the facial image data;
and
an age calculating unit that calculates an estimated
age 0f the subject by matching the intensities of the

25 spatial frequencies calculated by the intensity calculating
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22. A sex determination program causing a computer to function as: an intensity calculating unit that
calculates 5 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
frequencies obtained from facial image data; and 10a 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. 15 23.An age estimation apparatus comprising:
an intensity:¢alcutatimgttinit thatcalculatdsintensities-af spatiaktiequendies fromxfagtal image data of a
subject; a storage unit that stores sex correlation data 20 indicating a correlation between sexes and
intensities:of.gpatial frequencies obtained from facial image data, and male age correlation data and
female age correlation data indicating correlations between ages and intensities of  spatial i
frequencies obtained from facial image data by sex; 25a sex determining unit that determines a sex of

the
l6. A sex determination method comprising:

5 determining a sex of a subject from facial image data
of the subiect based on a correlation between sexes and
intensities of spatial frequencies obtalined from facial

image data.

10 17. The sex determination method according to claim 16
comprising
determining the sex of the subject by applying the
intensities of the spatial fregquencies from the facial
image data of the subject to an egquation or model,
15 wherein the correlation is expressed by the eguation

or the model.

18. The sex determination method according to claim 17,
wherein the equation is a discriminant function

20 obtained by discriminant analysis.

19. The sex determination methed according to any one of
claims 16 to 18,
wherein the spatial frequencies belong to bands of

25 100 to 250 cycles/image-width.

76



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 5 the male age correlation data or the female age correlation data based on the sex

determined by the sex determining unit; and a calculating unit that calculates an estimated age of
the subject by matching the intensities of the spatial 10 frequencies calculated by the intensity

- calculating unit with the correlation data selected by the correlation data selecting unit.

20. A sex determination methcd comprising:

acquiring facial image data;

calculating intensities of spatial freguencies from

5 the acquired facial image data;

acquiring a sex grouping variable by applying the
calculated intensities of the spatial freguencies to a
discriminant function that is prepared in advance and
expreéées a correlation between sex grouping variables and

10 the intensities of the spatial frequencies obtained from

facial image daté; and

determining a sex based on the obtained groupling

variables.

15  21. A sex determination apparatus comprising:
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 that
20 expresses a correlation between sexes and intensities of
spatial freguencies cbtained from facial image 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 célculating unit

25  with the sex correlation data stored in the storage unit
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22. A sex determination program causing a computer to
function as:

an intensity calculating unit that calculates
intensities of spatial frequencies from facial imége 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
subject by mafching_the intensities of the spatial
frequencies calculated by the intensity calculating unit

with the sex correlation data stored in the storage unit.

23, An age estimation apparatus comprising:

an intensity calculating unit that calculates
intensities of spatial freqguencies 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 correlatiqn data
indicating correlations between ages and intensities of
spatial freguencies cbtained 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
fregquencies calculated by the intensity calculating unit
with the sex correlation data storéd in the storage unity

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

a calculating unit that calculates an estimated age
of the subject by matching.the intengities of the spatial
freguencies calculated by the intensity calculating unit

with the correlation data selected by the correlation data

selecting unit.
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