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# # 5672078823 : MAJOR IMAGING TECHNOLOGY
KEYWORDS: THAI SKIN COLOUR / SPECTRAL REFLECTANCE / SKIN VARIATION / SKIN COLOUR
FACTOR
WANNARAT WIRATCHAKUL: SPECTRAL CHARACTERISTICS OF THAI SKIN COLOUR.
ADVISOR: ASST. PROF. SUCHITRA SUEEPRASAN, Ph.D., 69 pp.

The aim of this research is to investigate the characteristics of Thai skin colours by
means of spectral reflectance measurements of skin colours from 400-700 nm at 10 nm
intervals. The measurements were taken from a sample group of 710 individuals with the
age of 15 years and above on six body areas: forehead, cheek, chin, back of hand, outer
forearm, and inner forearm. Analysis was done based on CIECAMO02 colour attributes under
D65/10°, together with basic information of the sample group, i.e. gender, age, hometown
and outdoors exercise. It was found that Thai skin colour tended to be yellow and had
large differences in lightness from yellowish pale to tan, revealing that Thailand is a racially
heterogeneous nation. In the case of body area, facial areas were lighter than arms, while
areas around arms had higher chroma. Female skin colour was whiter and paler than male
male skin. In addition to gender, age was one of the factors affecting skin colour. The
lightness of skin reduced with age. Outdoors exercises that expose to the sun also caused
darker skin. The spectral reflectance curve showed that skin colour had low reflection at
short wavelengths and gradually reflected more at longer wavelengths. There was a
change in slope of the spectral reflectance curve at 520-600 nm, showing the
characteristics of skin colour. From cluster analysis, Thai skin colours could be divided into
10 groups. The shapes of spectral reflectance curves of each group were similar; only the
height of the curves was different. The statistical test showed that the lightness values of
each group were significantly different. Comparisons of spectral reflectance curves
between actual skin colours and simulated skin colours (PANTONE SkinTone™ Guide)

showed dissimilarity and no chance of illuminant metamersim.

Department:  Imaging and Printing Student's Signature
Technology Advisor's Signature .

Field of Study: Imaging Technology
Academic Year: 2015
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Stratified squamous epithelium fladsus1awuudouiunatetu Hvdatuilliivaoniden
dy 1 Y ! . . A 5 £% b4 & 1 !
aes omnsazdslumenisuns (diffusion) 9nuass@enlutuniawy waddiulngves
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o w v o

Keratin wag Melanocyte Faluwaddmsvasnia wihiddaemismmiAeidunu
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Stratum germinativum uardnanidaiadudundeud

- Stratum corneum WuduuengaUsznaumewadla o Maneudy wadiisusng

wuuSeaiiiunatety Lifiluedea (Nucleus) nglu Cytoplasm U59MEans Keratin
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waaLaIUENgnIzinTVgaaenaaeaal  Kavtsusnahlerwinasiiduniinniasun
5 9w duusnnduivioressneasiintaiiniiiuindy uwilinudy Stratum lucidum
waa bugurilanmsnvsiinsunuiveaeaaiisivainn 9 1520 U leswadluty  Stratum

germinativan Way Stratum spinosum 3gdin1suusiazinisiafeumanduanslutuuy

- Stratum lucidum 1Qutuilegseninadu Stratum granulosum W@ Stratum
& ng) a v o 2/ a oA 1 14 & ) 3 =) [y 1
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MALENVDUIRYDITRALFAALIYAARBNANNULR 8N WwadliliDndea
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yuluivuuulidndsaednatagad wazatelu Cytoplasm i Granules

- Stratum spinosum Usgneusieiwadisesiiviatedy wadiivalegusnsenaiu
sUanuiaivangwdey ddeadeaegnsinalnead wagil Cytoplasmic process Bugeny

INFAYRAUINUE

- Stratum germinativum Juadtueagusiadu Columnar vie Cuboidal
S UL NEAEIAINARE AR UUBITOER BSEMINNT UM N UNITININS Y wadiiniswues
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1.1.2 FURIUIWA

N
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o

YU (dermis) Wutureuiledaifeiusgnouasininduveamilaiimsn
AUMUVBIT UMW Uz 0.5 fadiuns NTuvesmsnaznuilsenwie naulusiy @i

dulszgam  genw  HeeguasfiwadUszamiuanuidnegtunius uwialu 2 du

Usenaume Ful (papillary layer) Wagus1aun (reticular layer)

. %guﬂ‘m (Papillary Layer) Lﬂu%y’uﬁﬁ’;Lﬁa@iaﬁmﬁuagﬁ’uaﬂwwam 9 i
ANNUIUSEUNA  1/5 suaqmwwmsuawﬁaLLﬁﬁqlﬁ%adw%uﬁm wsediaruyueanduly
503 Yuntdawn (Dermal  papillae) futulvlutumlsimduasihaaendondos o
U5398Y Yunlaiunsdulimhesududa Sondt ludiwesnasiada (Missioners corpuscle)

Ussgeguaziiuateysyamdase (Free Nerve Ending) 1nsupnnuidniiutinsiuegeie

- TUINWK (Reticular layer) Fuililutureaiaiofsiuegivegivuiuiu
gosszninadulenauiilutuiilunegvesiodoluiu gusnuu vasaden wassouwie

P lrRualiauLdse wazvintinnundesateizniely

2.1.2 @nanuvfAnu

2o,

Mndsedimaninuin Toly sufsufoussmyswresywduuutagty Fafuuywd
TuilgtulidasanwilafisUuhmthsaisnuuslumnenisaumnuansiuniios
Fedlafiony  sstdudomeinanaszgaieatufensenalely suflou  vionszgauywd
amn euyudAudeasnanaszgaieatuviosnyguietuud wssmelauyudds
fidnuazuanisiusenluidungulngjesaiiulidn Tauvmusznslatheivinlidnumgzues
méws?l,ﬂﬁlaul,mmlu mswasuasdiitnuiaddauasziirnudunegals Ugymeing 9 i
tinAnenmanslutligtulissofndumdneuldeguanysal vdngiuin 9 AR
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I a v a s
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dndmszisesievililgwinadnszauddy  sgwlsianuannnddginelinia

TIWNUININNATUTVRsIYEdUTENIITEe 113819 INANINRRUNNENTNTIRANAT
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1. WINABLATREA (Caucasoid) ¥IaWINRIV (White race)

anuaueludaindiguswsdiiunastieadng dsumihiseisn nelvandsuveen

1%
IS S o =]

ynled dnudhanauaganes dunuvdnantimsaing
2. wanuedlnases (Mongoloid) #3awINRLMEDY (yellow race)

anwashlulisuswgddnguneliunanauiade d5UAswente guntndg

TunuANEs Haedauiuriodnan IWUNIEMENYMEEIU Lazindennse
3. waniinseea (Negroid) Wsewiniamn (black race)

) ) a a P~ & 9 < a o A a o
aﬂﬁsmgmlﬂugﬂmwma msz@ﬂmmﬂmau JNNIN ANLEN SURUINBU KWId

WIaAa1Auiae lduRIEniageu J3UTaasAgLINauege

Aa A ' [ o < v o S o o A 1

duandniudunaniugnssuduimimun  uenaniudaiiladedy 9 W
waawan aenudn fnsddgfie watlu wananwanluled (melanocyte) wusy
= a v o ¥ ! ! S < saay dl ! !
Unauimilsimdn  dudndidnvusilugadniimuan (il 2.2) eewudiniud

AN 9 U9TNIeazdinniy wanluleduandieiu wu Tunihiwanlulsausezana 1,400 -
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Melanocyte Nucleus —
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I

|
Dermis

A 2.2 anwazvasuailuladlutunianingd

waluled 1 wad azahamandudduiawadimiiradssadonin wnesaluled
16 36 wad wanluledlunnauazdsiviuwiiulidesduauiom v Bades uknsd
FRwanssfututuwaniy  Taeiugnasunsdusismuamsassannimeesdindiuaniu
swimansgdanszans wud auidesliuadurunalug waznszaneegialy il
AaaudRlunslesiuuamanininauinvilifeussdmddesndy  dwiuauiiowm

! @ a = =3 1 [ 1 [y a A b4
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2.1.3  mswasuulasvasiialuudazyisens

Tunsazye01gnaninAualInin  Aufarulisuudasineg 4 wnug 9N
Hgauuisly Jevisn Jesu ubelnsuiiony Hisuiisises vdoundes uazaands Tuud
azYegIves N sasulaiuandeiy  dnwagnsiisuiuaeiiilusdaze

91guutlanatl [10]
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2.1.4  FUUANISUEIVDIRINRUIY

Tudufimlssmddmsaiouesduden waeildnwaeadusuade vouliuasdos
Mufiosduiien  wihfiasenuduiusvostuioniisimduassuRonusidudesdionn
wnlunsfumAneudslaiinnsans layer model FsUsznause

1. layer one funiinsivalisuvesdentioy 1n15n58LFWUAIINNTINITAANGULAS

£%
a A

USinandenluduiliiie sunaulayaenANaUY AT ULAITIAINT 600 WIlLLLAT

2. layer two wuiiiimsivalisuveadoninn  auvanisiasdiulugIeneudid

NANIENUNNINNUSULdenN ualiau

Uadeilinasofvesiivilafe wasiiazviouesnin@ell 2 JULUU Uadagiouwuuulsn

I ~ v A a Y] | ) a I v Y a &
Juwasiagviounduiviliuengn druuasazyiouwuud 2 Wuadsyiauiindunndnassain
Awliananife  wasldnnnsgnuuutuimdudilagnanndy  waznszisaduduimiudy
v X P ] a A A P a ) " O A
ALTOUTUNIDNASY  NANANUTRWES 5% NLAINANNTLNUAIUURINUILVINTUNA

v ] a & a Y Y] & A
FALNDUDDNUT @IUBN 95% ﬂ%gﬂ@ﬂﬂau LLa%ﬂi%L'ﬂNLLﬂQﬂqﬂiu@ﬁﬁlﬁQﬂa(ﬂQﬂqEJELULUE]LEJQ
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2.1.5 uuudnaesiuieadusing

wuudaesyiuneAdlsing (colour appearance model) [11] Wuluuinassiias
TuileaSuren1ssuinisueiudveuyyd lngdnananszuIumssuiavesyudnngla
anmeidmun  aeensusumendniudvignidesyd  wagaunTavinueang

WUUALIMSAD ANEdns (lightness) 1A (chroma) uazddu (hue) 19 lassadteuss

LuuTIaeiueAdUsIngUseneunie

1. Aduazteyatudianiizwingey (Input stimulus viewing configuration) A1
loun Ad XYZ vosdeiifeanmsuadusing Ad XYZ vedv1ienese wazdoyaindn
dannizlanaeN WU AIANNEIURIUMES  Areedmsuannnas  Wudu  wieldly

nsAInAEUIINgMelfangkInaeNli 9

2. Chromatic adaptation Junszuiunisninaesnsusvanemvesiyed lag

ANUIAAL B USUNAUAYI91994

o = < ) o 1A v o 6
3. AWIUANEUIING (Appearance correlates) (UUTURDUATUIUNAFLUUFUNNG

ANEI (lightness) lasun (chroma) wagddu (hue)

2.1.5.1 CIECAMO2

CIECAMO2 [11] Wunuudiaesnisusingdnasaasiannseutatn CIECAMIT lay
CIE 1wl a.a. 2002 Wuwuudraesiiviulslihesenisfuwinuaziivssdnsamunniu lag

CIECAMO2 lsisumseensulidunuudiaesmsusingdunasgiu Taelasead1aves CECAMO2

[

IS a Q’lj
HUINYATLDYNPNU

1. dayatiinmduaziiulsaniizuinaey
Foyardiialdlunisdinues CECAMO2 uwuuiu 5 d@udisil
1. Testing stimulus (XYZ) fia ANd XYZ vasdNAaen1syinungaausing

2. White point (X Yy Zy) A9 A1d XYZ Firvueliidugusnsds
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3. Adapting luminance (Ly) Ao AlANaIsiiiinnsUsuanwnsuouiu i
mholdu cd/m2 el Audman Ly 1990 20% wesanuaineeddund
91999

4. Background luminance (Y,) A9 A1ANUAINEUNUSUDINUNAT

5. Surround conditions ARENMEEINFEUIUNTUBITIMNUALY 3 USenn AD

average, dim Uag dark 3iAAsi C, NC, uay F Alglunsmiuinlansn s 2.1

A1519% 2.1 ANANTIAN1IZNTITUBALTIUAIMSU CIECAMO2

Viewing condition C N¢ F
Average surround 0.69 1 1
Dim surround 0.59 0.9 0.9
Dark surround 0.525 0.8 0.8

2. Adaptation model

Judupeuimhdeyaneiiuauadng  Adapting  luminance (L) An@n1e
Asuee (F) wazAld XYZ U898971791989001A a0 USenaumie 2 Jusaunan @Ae 1)

Chromatic adaptation iLa 2) Post adaptation

1) Chromatic adaptation

TUADULINENIINNTWUIANE XYZ vesdnadauilum1 RGB responses daaglu

U3giimnauauawedauwad (cone response) Ingldiun3n Mearo, feaun159 2.1
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G|= MCATOZ Y

............ (2.1)

0.7328 0.4296 -0.1624
M., ., =|-0-70361.6975 0.0061
0.0030 0.0136 0.9834

AadAN D factor Jananataseaunisusunisueaiudniudunensds (adaptation)
FaduIMSAU adapting luminance (Ly) wag surround (F) Tag D = 1 nunedausuananian
fuuaswIeeBalaauysal (full adaptation) D = 0 vnedslifaUTumemniuLawIeneEe

L8 D factor Audlafsaunsh 2.2

—(LA+42))

D=F[1- (i)e(igz ............ (2.2)

AIMAINMIREUAWRBdlALaaLloUSUaNEAN (adapted tristimulus responses,
R:GBo) aMn@un1s Chromatic adaptation 989 von Kries q4aun1sn 2.3 — 2.5 lagi

Ry,GyBy A9 ANN1snevausmeslauwasesdusnsdilaanaunisi 2.1
Rc=[(100D /R, +(1-D)JR (2.3)
G, = [(100D /Gy) + (1 —=D)I6 . (2.0)

B, =[(100D /B,)+(1-D)B (2.5)
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2) Post adaptation

Juduneumhdeyaneiiuannewinden wu luminance-level adaptation

(F) waz induction factors Usznaumiay Ny, Waz Ny, Wag the base exponential
nonlinearity (z) &sRuiuANaIsvRINUMaY (Yy) wldlumuial Inedindsfinaniiis
2.6 —

ANUIURIENNITN 2.6 — 2.10
k=1/GL,+1D) (2.6)
F, = 0.2k*(5L,) + 0.1(1 — kH2(GLHY: L (2.7)
n=2b

Yw

............ (2.8)

Nbb = NCb = 0725(1/71)02 ............ (29)
z=148+vn . (2.10)

waaAn RGBe Wi R'G’B’ LilamuiaminnsnauauadadlAuwadnendanis
USuanemnnuangianasy (R, G, B’ 1081y Mcarg, waauasanluds Hunt-Pointer-

Estevez 10814 Mypr fadunnsi 2.11

R’ R
G'| = MHPEMCTAlTOZ GC ......... (2.11)
B’ B,

0.38971 0.68898 0.182745
M, =|-0.229811.18340 0.072098
0.00000 0.00000 1.00000
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1.096124 -0.278869 0.182745
My, =[0.454369 0.473533 0.072098
-0.09628 -0.005698 1.015326

UMDY post adaptation nonlinearities wandaunsi 2.12 - 2.14

, _ 400(FLR'/100)***
Ra = 27.13+(FLR'/100)042 +01 L. (2.12)

0.42

, _ 400(FLG'/100)
G = 27.13+(FLG'/100)042 + 0.1, (2.13)
, _ 400(F.B'/100)""
Ba = 27.13+(F1B'/100)0-42 w9 2 70— NN\ ——— (2.14)
3. Appearance correlate

LﬂuﬁumauﬁﬂmmﬁﬁLLUUﬁﬂJUviaj (brightness, colourfulness, satuation ag
Cartesian coordinates) WaghUUFUIMS (lightness, chroma wag hue) ngAwineilviogly

opponent colour responses é’fﬂammiﬁ 2.15-2.16

a= R&—IZGC’l/11+BC’l/11 ......... (2.15)
b=1/9R,+G,—-2B)) (2.16)
Hue

AIMANETU (@UN1T 2.17) JA1581I1 0-360 D9AT WATAIUIUAT eccentricity

factor (e, wialdlun1sAulnel chroma solu Asaunisy 2.18
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h =tan b/ . (2.17)
A
ec=1/4[cos(h=+2)+38] .. (2.18)
Lightness

ANNIUAIAIINETIN (Lightness, J) 910 achromatic response (A) AU achromatic

response dMUSUAT1IO1989 (Ay) NITAIUIULAAIAIANAITN 2.19 -2.20

A=[2R, +G,+ (1/20)B, — 0.305]N,, .. (2.19)

J = 100(4/Ay)* L (2.20)
Brightness

Q = (4/c)\[]/100 (A4, + HF>>S L (2.21)
Chroma

_ (50000/13)N.NperVa?+b?

t RLiliai20m e (2.22)
C = t0'9,/] /100(1.64 — 0.29)0'73 ......... (2.23)
Colourfulness

M=cCF>*> (2.24)
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Saturation

s=100/M/Q . (2.25)

Cartesian coordinates

ac = C cos(h) was b =Csinth)y . (2.26)
ay = M cos(h) wee byy =M sinth) L. (2.27)
as = S cos(h) waz bg =Ssinth)y L. (2.28)

2.1.6 NTAIANGUNTINITUUINGY

msvanguusentsulanguiivanayssian usanunsauenlaluaesssianlng o fie

NSIANAUAIMYT waznsiangudeya [12]
1. M3dangusiuls Ae nsdndulsvans o dffiendiniusiuoonidungudes 1
Tnofisuysiieglunguideniuagsesduniusiu 1 2 Bndeuldde
® MsAsIEUnEUsEnoUNan (Principal Component Analysis)
® MsuATIztady (Factor Analysis)

2. mydangudoua Ao Nsdnnguan &l vIedwes Mwdeuduniendeiulily
nAuAeItl  uindeiulzissegauaznguiy  NsAnwIANAETNTNINMILUTTLYTY

NsIANgY FeiinangTudisnileuldre
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® N153ATIEYingY (Cluster Analysis)
® N15IATIENIMUNNGY (Discriminant Analysis)

® MsAszvmsannegladafn (Logistic Regression Analysis)

ada v

I 3 U INUTLAIABATANNNTIAT LN WANAINU

9

wAdmsUNITIATIERngN (Cluster Analysis) Hu a@1unsaldlansnisdnngusauys

wazmsianguieya widulvgasdesldlunsdnnaudeyaunnniinisdnngusiauys laenis

£%
[y

Janguiiwusaslionlinsinseridade  (Factor Analysis) @ wsunuddeilfinumanuae
nsazvieulanaUnasuvesdionulve Tneieonnisdangudeyaisnmlnsevingu (Cluster

Analysis) feiiusuusnldlunisdnngueiegnedie deyarinsasviouuas

2.1.6.1 N3IATIEngH (Cluster Analysis)

MIBATINGY (Cluster Analysis) LuUABn1swUingudeya vise uwuu & Fwwes

3 I 1 1 [l 4 1 v a [ A «9 .Y [l a
NANT “18% EJEJﬂLUUﬂEpJEJEJ‘EJEJEJ'NUEJEJ 2 NQNUBYA I@UﬂJﬁaﬂLﬂm“VﬂUfﬂiLLUﬂﬂ@ Timieiiey

U

D.

lunquinediull dnvasnaulamleuiuvieameiu  uinilgiegananguiuagiianuae
aulasnaiu”

Aranwaraulaeaaziiviate o fmuls wu draularnuAadiumssiunisdles agdl

ANUVIATY 9] AIIUAUNITEDY wazaztiAIneUEI TN UINGY

UsTnNn1sIAsIzAInngal

38 Cluster Analysis wiadunateUssinmusewmeiinges Tnomadanldiuunnd 2
waila fie NTIMTIEANguIUUTUReU (Hirarchical Cluster Analysis) kag NTALATIENGY

wuulsfudunou (KMeans Cluster Analysis) [13]
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1. Hierarchical Cluster Analysis
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2. K-Means Cluster Analysis
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U X-Rite SP62

Geometrics: d/8°

Aperture size: 4 Jaawung

Wavelength range: 400-700 WlULUAT
Spectral bandwidth: 10 unluwuns
Light source: Gas-filled tangsten lamp
Illuminant type: D65

Standard Observer: 10°

Specular included
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3. TUsunsu Hyperterminal

4. TUswnsu Microsoft Word 2011

5. TUsN5U Microsoft Excel 2011

6. TUsHNIU SPSS
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F 1.789 1328.798

ANOVA
P 0.067 0.000**

**P<0.01
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