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PREDICTION METHOD FOR THE
FOUNDATION-APPLIED SKIN COLOR

Abstract

When applying cosmetic foundations to the skin, serious care is needs to determine
whether the material color suits the user own skin color. Because the difference
between the materials color that we sense by looking at the foundation in a case and
the color of the foundation -applied skin color. It is very difficult to predict the
foundation-applied skin color under various foundations without actually applying it at
cosmetic stores.

We analyzed the color -characteristics of foundation, bare skin and the
foundation-applied skin color from the technique of a factor analysis. It was shown
clearly that the presumed curve of the foundation-applied skin color is obtained by the
spectrum of foundation and bare skin. In this paper, we analyzed the sensory
evaluation data by the cosmetics adviser, and found the main valuation bases on FD
selection. Moreover, we propose the prediction method for the foundation-applied skin
color by using color ratio between bare skin and the foundation and texture parameters

extracted from skin image.

Key Words: the foundation-applied skin color, Kansei Evaluation, prediction, spectral

reflectance, texture
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Fig.1.1 Foundation (powdery foundation)
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Fig.2.1 Hue and value of foundation color
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Table 2.2 Results of principal component analysis (Kansei evaluation of skin color)

factorl  factor2 factor3 factord
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W 2-ZENTDENIE -0.16 —0.41 -0.58 -0.49
Eigenvalue 5.94 2.85 1.68 1.09
Contribution Ratio[%] 44.63 21.37 12.64 8.16
Accumulation Contribution Ratio[%]]| 44.63 66.00 78.64 86.80
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Fig.2.2 Results of principal component (Kansei evaluation of skin color)
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Fig.2.3 Principal component score (Kansei evaluation of skin color)
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Fig.2.4 Kansei evaluation of skin color

FNOFHEIZIB T, 1 EHDITETORFAMENZIZFAETH D Z LN LRAER
RN E R L TWA, B2 ERSIX HOEBROBENL ], [V -ZE0TOENL], [
DOMIOHENL] [LOOBENSL] ORFARENE. LTeh > TH 2 lITIALOTK
ZALOFHEiZ /R L TWD. 5 3 FNIE TILORA, [V - ZE0NTOBRN L] B3E.
MOFRIIINO AP ORITH L EE2 L. v - ZIEDTIIREAENBE
WAL LTHNELOTHD. T Enh, Ao LML TV EE25. B
4 R, B 1 EMS EE 2 RS TET bR TARmENEV. THLOEAR] S T
DEROHENL] [V - ZEDTOHNLL] ORTFAMENENL > TWh. Zibid, &
ORGSR WILDOINADHGETH D, L7ed> T, 54 ERTIIN A0 O 27~ L
TWbHEEZD.

Fig.2.3 [Z8B\W\T, FD OFIAICE B 2 L RS MIE4 DOHEBIZX SN TS, 2



%25 ALBERFIZ I T D B RERHE O 23 AT 11

XV, 2 oOEHERFHMBEIEAEICLY FD OGORIEA#HN TE TS, LEN->T, BAD
F LA AAE L 2 DICEMTE, BREHE L W RO EOFBRIN R TH L Z ENFE X
%. Fig2.4 1%, Fig.2.3 O TR R 720 D) Z R~ 5 T2 O BRI D LD JZIR 2L,
DR Z FEHEIZW T2, FRVEFRTHENTZF I Z DN BRO/NZI WAL, FOakr
THENTFZZOPHS BROREWVILTH S LBt 5. Lo T, RO TIL
DXBITES.

2. 4. 2 AvHEALOFHM
fiti ez Table 2.3 (2”97, A H-3RIE, B4 ERl oy TEHLEL S D 80% %8 2 7. Fig.2.5
(A A B 1 RSy, AEER A 2 Ry & L7e o AiX, Fig2.6 ICIXER SR &R, FF

MiIEEL K 2B OB 2 R L THD & Fig] DL H I 7z.

Table 2.3 Results of principal component analysis

(Kansei evaluation of the foundation-applied skin color)

factorl  factor2 factor3 factord
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Fig.2.5 Results of principal component

(Kansei evaluation of the foundation-applied skin color)
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Fig.2.6 Principal component score
(Kansei evaluation of the foundation-applied skin color)
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Fig.2.7 Kansei evaluation of the foundation-applied skin color
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Fig.3.1 Prediction system for the foundation-applied skin color
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(a) (b)
Fig.3.2 Delicate skin and rough skin
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Fig.3.3 Spectral reflectance
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TAHHFBRAE 2D, ZOFRANOHE SH - BGOSR RITERNMN & 13F—57
% (Fig.3.3 DFEH).
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Fig.3.4 Estimated a and b and a+b

Fig.3.5 91% of the estimated parameters that satisfied by the equation a + » = 1 within 5%

Fig3.4 120 (6) Tkol-a, b OBRERT. 20 2 DOFBREIL FD B4t O FEL
DL FDABEDREIGERL, a+b=1Tbs. a%HEIRXTA =%, bZEFD/XT A—
ZERESZ LIZL, FD NT A =2 b PBAFITH YT 5. Figd. 5 [T X oHiCkdiza,
b DMHBELED 9%, HERa+b=1I1Ck->THi=&n, (5) 1% (7) &HEF&
HTED.

t,=(1=b)-s,+b,- f (7)
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DOFE D BATEOSIE R () 13, FD BEBAT SN TV D EHOLHED, LB ST
ROEROLE(N-b)ICEVELEDERT LR TED. ZRODHETRRAICE-

THELL, ((A)IFROEIIKRBT 5 LENTED.
t,(2)=5,=b, () |+ ()b, (A)
XA ZLEETHE, ROLHIIZEHIND.

t,(2) =5 ,(A)=b,(f(A) —s,(A)]

g(//i'i) = f(ﬂi) _Sj(/li)
h(4) = tj(ﬂ’i) _Sj(;ti)

L35 L, K13,
h(4,)=a(4,)g4,)
EEREH., LIEN-T,

a(4;) = h(4)/g(%)

(8)

(9)

(10)

(1)

(12)

(13)

L0 FD AT STV D HEOEED (1), TRbLBMENROLND. Fig.3.6 DL
DIRBAAR L BMAORMRERT LN TED. BAROMEEZRET DL, FILOADE

AL FDABLEDOEIE N b)Y, BAANTHITE 5.
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SROXKS
SRRRRAIAHKK

0% Foundation Ratio 100%

Fig. 5 Illustration of the relation of the Foundation ratio
3. 4 BBATER L JLEG O BEEM

HBONTREIOIEBREZ T L, B ONDH R ERHERR E 4L HDOF AT A —H
WERINT 5. Zoodnba, bIZEET /T A= L L THBEOEW S O Z 3
D, W LIZF ART A—2F, 50H-o7

ZIC, EHEURSITICEWT, SO PICIERICHBEOmWEBNEEN TS &
D2 ZELHMEEZBETO2LENH D, ZHEILHRMEIX

OfmEIF RS E RD D & &, KRERFERELE D, HEARREIC/R>TLES.

@K D BT RENFEREDS, 1 OOF L TVBEMCH Lo & LIS L > TRELE

fELTLE .

EWVIO BN E S Z LRV REMREZ IR L2V L 5 REEIFET L TH, i
DIE D FHHT — 21k LR E @A LRSI IR E R TIEOMELY 72 b7
ZERDHY, BIINLTZIRNZ LD, LR o T, ZEMLBEMEO fREEEZBET 5
N B D .

M L72 ¥ AR T A =2 OMAEMOLEIMER D 500 E 2 a2 A, 2 8V
DRT A—=ZBNZB OV THEWHEBER AN, Zhik, 5 20955 3 2% a, b
FTHXFANRTA=H L LTHWS.

3. 5 EHHI

20 FR~30 D B AR Nk 36 44 & %t 402, FAL, FDAMBLE, BAGThENDOG NS
REFHHL, v~ /a2 a—7Tar o —2 ZHLEEE Y ATe. 53R T — & 1,
& 400nm~700nm, 10nm [fRD 31 WE R TH 5. i L7z FD oD FEEEIE, B000, 0C10,
0020, 0C30 D4 ThHD. ZILHLDOFNLELDLEE S tax 1 AEIRL, BT 5. 5
HALITEOLEEOHOT (Figd.7) T, 1#BREICOZ2HNTHDH. BMAOFHT 5.
VB ICRINORIE 21TV, FIZFERICEAME OWIE 1T - 7. g 36 4 OflERT —
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% (Fig3.8) & FD4 (D27 —4% (Fig3.9) Z#LLFIZRT.

Fig.3.7 Spectral reflectance

measured area

reflectance [%]

Bottom of the eye (Left) Bottom of the eye (Right)
skin skin

Reflectance[%]

400 500 600 700 400 500 600 700

the foundation -applied color the foundation -applied color

Reflectance[%]

400 500 600 700 400 500 600 700
Wavelength[nm] Wavelength[nm]

Fig.3.8 Spectral reflectance of measured the bare skin color

and the foundation -applied color

| | | | — 0C20

0 | | ! |
400 450 500 550 600 650 700
wavelegth [nm]

Fig.3.9 Spectral reflectance of foundation
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3. 6 =a2—JFNXy NU—JIZXHBAMEATHIL AT LD

& DR

3. 6. 1 =a—I)L%y NU—7Z

FHL, FD MR L OB O IR OFBRGRZ Z T H RN D, FALOAOE
Ha LBMRDFTLLBIL, BRAODHFREHEST L LNTES. L, &
IREREREIMIZICR LI22 T OOk E B O T Bt %E TIT 5 DIZIE+4 Tl
ZZTSVD (BBl fiE) ISV =a2—F bk y hU—27 Z 5. Fig3.10 (%4
A, AT =2 — TRy NT—Z 3Oy I TS g ThD.
ANEIESVDIZ Ko T L72HEAL - FD O NIRRT — 2 L X AT =42, BT
a, bThs. THEOZ=y N LTY7EA N, HIOED2Z=y N LT =7
AW TEESEa, baTHILBAAORELZHT.

3. 6. 2 G

UL DI HIET — 2 L X ANT A —F E AL, PRl LB 6L 2B
DtFEERTRT. 3L DS RT —21%, SVDICE > THEIWDT —F % 6>, FD 7 —X
3IOTRTZENTELY, KoT, ANT =2, HHKHET—4 9, FARTR
—x 3, Gt 12 T, Hhika, b2 THD. TilENiza, b XV BABEHELT,
A LAt L 2Dl 29 5.
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wavelength 31points 3points i
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extracted by skin image i
E ' 3p0|n'ts>

3.

NEEfRTH o7,

Skin reflection
wavelength

(a) Summarized schematic diagram for training

pva

Foundation reflection
wavelength

e

Texture parameters
extracted by skin image

h 4

31points 6points
» SVD >
2points
31points 3points Suitable
»SVD—— NN ratio
3points

(b) Summarized schematic diagram for prediction

Foundation—applied skin
reflection wavelength

e

Fig.3.10 Summarized schematic diagram for proposed SVD-based neural network

6. 3

it R & BER

Za—FI )Ry NU—=Z L HBAMATHIT AT A THRIEN-8 A L JlE L7285k
OOt ZFig 3N ER DA TRT. T XTHREAESLINT, STUN2LUINTH 7=, F7z,

Fig.3.12121%, IRD/RXT A —=F 25 E WA T, 85W N3N, T0% 232N T THI &
INLEBLTADE, BENRER-TWD., koT, BREERT
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Fig.3.11 Frequency about color difference

(Result of neural network)

distribution of color difference
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Fig.3.12 Frequency about color difference
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3. 7 F£&¥

FHEIAHIWTTH D BA ORIl FEHEZ FHLAGAATZH LOWER O TR AT 5 &5 2, FEil
Ot L FD AMEL A N, BAitaaZ 195 SVD (R 12 SWiz=a—F L3
v NI =7 VTR AT AR LT, 20T AT A%, BIOSERERE
FD AMER D5 IR ERIE R E T T AT A—Z DD RIOBOEIS TH 5 FHEAL
IRTA—=H L FDANBLEEBAAT HEAETHLIBMAFELZEEIH L, Btz THTHH DT
HLH. ZTNRY FHIShEBAGEHEOEZETILDNICH I, ZOFHY AT MIHE
HTHDHZENREINT. Fle, RVATAFTHRE LAY —T 57T — g v
ERIGE L, T OBRMEEFEIOE L FD AME A L OB b @A tax TRIT 2 2 &30
BETHDZ LR ENT.
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1%, WITICE STV EDbo TS, oA LEWVWEERES ABWAS—FT, HEETL
T2 L) R EHOL N WTEHERIEANRTFEL TS, BELEBAA T AT ALY
TSI EBAaZEEOR L LT FD @RE2 T, FDICK 222N GaEHHTE S
DTEBRNEA DI FTe, ZOX D R THNET FD BRICH R RFE L 257217 T <,
{EBE AR — W% O FREREAT-CHE FIE T IE OB I b A 7R TRt 5 Z L iR s %.
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CoDEPIRSHA, BIRMICHET L, ZOROBOREZHETH I LA TE
B. COBOEENEEERICE LS OABEL NS, BOEFHIEL, HEOM
L LTORR R R IO k> TRESNEBEHEZEL LD THS.
RIS, 3 b IR 6 5 WIRDEEIC > TIRESND bDOTh 5.
%%%@Aﬁf@é@%ﬁi KN 3 YL RSB ZEMIC Lo THREND LI ]

EIHESWTIRY S . ARIOGERICA > - @ER 2SR, Ao % S o
PR LS B & ) B A DUERIE N D . D Ry & B R A ML A T
3WIEZERNT L= b O EZERTh 5. 20X 5 72 ZERTHE, SR 5% @ T
W DAL A F T BN RE Ch 5. LS - C, (a4 AE,. W54 AE, &5 &,
7= AE 1T

=[(AE.)" +(AE,)’T" (A1)

wRIND.

BEMITEL RRINR SN TND. ZOVEDT, BEETRIND 2EG0OBO—ER
HEA & OFIRICB VT h, —EOMIEINAREEITHET 2 EICED O TV La'b &
2N 5. = OBEEZERICIW T, WE L, fld, BED L LIEED 200 La'b’
w(La b)), (L, a4, b, )kTék%@é#AEi&ﬁf#ﬁéﬂé

AE s =[(AL")* +(Aa")* +(AD")*]"? (A2)
AL =L, -L (A3)
Aa*zch*—af (A4)
Ab" =b, —b (A5)

X (A2) kvaoEERFHIEZT 5.
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fH8k2 AHPICX D77 o7 —va VBBRGEORSE

KET BAAH— BN ICLDFHE 2 ERD At Lice 25, 77 7= a2 (FD)
DORFUCB T D HBEERA SN o7-. ZOZ L EEEZ, 2—FDOHFRITE-T-
F7z, PUCK U THRBENZ T 7 — R EfERC L, AHPIZ XY fi S Ic=—F B &3t 72 FD
ERSEZENTE L HEFRETS.

1. AHP

W OPDORIERE DT Il 7208 R 2 Il AR IS W TT O 2 & 2 BERE L WV ).
BEMRITBNT, RE{LEGG O X 5 2 B2 S b I F RS TR A R0 8 A6 o T
P CHRERZRFH 21T 5 WERH Y, RBEOSHTICIBNT, EEAHIEE 27 L7 7 'n
—F % EFL< I v 7 A LEMERREEREFERNS ONBRINTND. ZOFD
—DODFED AHP (Analytic Hierarchy Process) Ta 5. AHP &%, FEESHIEE VLD,
FHm R GEMIEE) AEEAAET 25612, Hx ORMELFEER S & U TR L,
L0 BARA 5 HIIE B K » THEMREEET L E LTI v, —SHIiz k- T, fEx
DI H OFH & EERE A FIRFICAT 5 2 E RS, ZOFETRFME - BREME - =
VX —RE - BORDLE - A EHHE7ZR S22 bz > THEH S Tn 5.

Fig. A3.1 [Z7R"3 & 912 AHP OEEARR R ERIEE T /UL, WHITA RICHREG I, £h
U TIXRIEMRD D S F=FH OYM CRMT A EZ R D, BEOWHIZA TICRERELZES.

Question

Criterion 1 Criterion 2 Criterion 3

| |
Alternative 1 Alternative 2 Alternative 3

Fig.A3.1 AHP Hierarchical Structure

2. BROIE

BRTIEO L, TORIRGIEOHEZ IR T 5. QNS OWTOREM LT 7
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— hEAERT 5. @FBNRHWZIT). ) ThDH. ZOKiEE FDBUERAT . £ 2

T,

(A1) FBIRT X FD 1L, FNEN@BLDR 3 B000, 0C10, 0020, 0C30 d 4 SO\ T
NTHD.

(A2) REAEYEIX, BAIC X D BHRERHM O LN CF 1 TS OR FAmEN &, 7=
Fm@EaFM@ﬁﬁkaa

EAE L, REMHEE R AR EINT 5. 552 FD Fig22 IZBWTH 1 ERyziicd 5

L, ZO2O00FMIHFEIIMEK T 2RI TH D Z EBRHAIND. 2D ENDAGE (A2)

ZEklT 7o, Fig.A3.2 1%, AHP (2 L 5 FDBIRO 7= OB E Th 5. 2 Z TOREMRESEIX

HiffiZe AHP & 1X#72 0, FHMEEER THoBp ) & THIORZR] O 2212bi, %n%n

DFHIIZK LT 7 — M I EHL DR EZFERT 20 EREL TN HiEx L o7z

L7z ->C, AROBE#EEL, WHIZA LICRABMTH 5 FDRIR, MRS THLo

FE) TLoEA ] LU, FHMHAEORE Z Lo a2, WHIZA IR L LT FD

L.

Selection of foundation
white of the skin yellow of the skin
[ [ [ 1 1 [ [ [ [ 1
It stands It stands It is too Itis Itis It is too It stands It stands
y Usually Usually .
out. out a little. unremarkable.|unremarkable| |unremarkablel [unremarkable] out a little. out.
[ [ [ [ ] I [ I [ ]
\ i \
BO00| |OC10| |OC20| | OC30

Fig.A3.2 AHP Hierarchical Diagram of foundation selection

Fig A33 ICEEREE TCOMNERT. H1EEE LT IbR7-aHF lops) &
MOER] TRHRELLDHENRIZRY ETMh?2) LWHIT U r—FE&L, TOMEND
MR MED AT 2T 5. H2BMEE LT TIOA S EIFAILOEALO BN BT E O
FERELENETN?] L0 T — &L, TOMENLIMEREZ L ORI 2T
L. H3BEBEE LTIy T —va Y OEBKHEIC K DEAMHT, DFVRBEILDOEL
HFE35. BEBEICREHNICHT 2GS L CREREOELMTITE2T 5. F 1B
B, 55 2 BePE DK X F1E Table A3 WZR X D125 By & L7z, EALHIFIL, Table A3.2
DO E BB LN G, —xf i TIT ).
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Flow to decision making

The first step

Weight putting of
the criterion

l

Question
The second step

How does "White of the skin"
or "Yellow of the skin*
stand out?

About which are you anxious
in "White of the skin" and
"Yellow of the skin"?

Weight putting of
evaluation standard

l

The third ste|
rd step Weight putting by color
Weight putting of characteristic of foundation
each alternatives

|

The fourth step
Weight putting of Comprehensive evaluation
the entire hierarchy

Fig.A3.3 Flow to decision making

Table A3.1 Questionnaire based on AHP

5 4 3 2 1
o Bikhb [hEEvERN ] 05 | RHiu0 | Hio
Noas Huthh [ bEDANERN ] 599 RRRED i
Table A3.2 Paired comparison
EEH%D
RE 1 3 5 7 9
% [V ¢=1AY

N FEEIZ EHHT
== PPEE | MGYEE 5= 5=

3. b LR

3

LT IloAa ) oFn D LRI s ), H2BEETIoR IR THLD) &
ZZ)s)

o

2 T2 DT, Table A3.3, Table A3.4 2”79, F 7240 3 B2 CFD o B (K8 (BH
i3

, (OfH) ZEE L CERBRO 5%z Lz (Table A3.5). xEORATMEE L TR
JBEARDOEISTIF &2 LTz (Table A3.6).

il

Table A3.3 Results of the first step (Weight putting of the criterion)

Moas | NoEH E#

[iIX=F 1 3 0. 7500

MoO&EA| 1738

1 0. 2500

Cl1=0.0
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Table A3.4 Results of the second step (Weight putting of evaluation standard)

Bu> | veBuo | wE | 2% lEmean| ma
B¥> 1 3 5 7 9 0. 5028
PHRILD 13 1 3 5 7 0. 2602
TE 1/5 1/3 1 3 5 0. 1344
Egi;ib\ 177 1/5 1/3 1 3 0. 0678
Buksln | 1.9 1,7 15 13 1 0. 0348

C1=0.0607

Table A3.5 Results of the third step (Weight putting of each alternative)

BO00 0C10 0C20 0C30 EH
BO00 1 3 5 7 0. 5579
0c10 1./3 1 3 5 0. 2633
0C20 1/56 1/8 1 3 0.1219
0C30 1.7 1/5 1/3 1 0. 0569
C1.=0.0395

Table A3.6 Results of the fourth step (Weight putting of the entire hierarchy)

BOO00 0oc10 0C20 0C30

0.3742 | 0. 3049 | 0. 2147 | 0. 1060

Table A3.6 LV, EAHADEORENLDE RS ERKE CTHD. Lo TZOHAIE, B000
DFD Z®INT D E LN L7, BRI OEHEMERE O D720, 5 2 B GHmRE
TEDOEMT) ITBWT, BEEAOY TN ERRT A TNRBENWEEZ TV,

4. £L

R L > CEERENTES AP I D FEEZAWT, 2—FOll, HFRICE-
7o FD a2 —HFEENBIRTE L HIEEZRET L L aE 2. FD BRICBWT, 2—%
HEOIFHHIZEET 27 7 — M &Y, #87 FD @A TE S EiEE T V2L L
o, ZORETLHHEMEEETT NVEM D) Z LT, =2—VFAGNREGICHEEMICHEE) /e FD
EBINTHZEMTEL LI IChd EEDbNS.
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2004 A
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AR HA, IO 5 RR, K AT, fER 0 IER, BE ORRA, I R CAHP (2 &
L7 77— a CERGIEORSE 6 [ B AN L72, Ke - #8243, Proceedings of the
6th Annual Conference of JISKE2004 (2004)
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"The prediction of Foundation-Applied Skin Color Based on SVD-Based Neural Network" ,
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