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W ST s 2 RO e PR AR T BB 18] o SRy SCEOEEEIN T O
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[15]°

(3)#} 5~ (Ranking Method)
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R RO G5 > SRS S B PEIASY e MBI AN 1936 R

Bl ’.“‘4 {710~ . Nickerson’s i+ \#7 T 3¢jR{=E% (Index of fading) ; (Nickerson 1936) o ]
SUVBTEREOS RS LABY 0 - ER 1976 § FRTITET CIE @15 s s S KR 1976 1 L R

i

BT CMC ~ BFD % CIE94 @30 “tab o

i

=g

2-2.1 1976 1 CIE 5507 &5 =t

CIE = 1976 i #gE10 [RIED27&1%229R > 55 || CIE L*a*b* (or CIELAB ) *” CIE L*u*v*
(or CIELUV ) o CIELAB &5, =42 2 B3 P & " CIELUV N |l P S T
€ (T EEYCPREER w8 ) [Hunt 1987 o 4 ' 55 M [Prag &1 » 7 T )‘v‘nl’- CIELAB 5% €1522-F o

CIELAB ( 2%."] CIE L*a*b*{5%" ) & Adam-Nickerson = ANLAB %= YHI%[™ » L[ CIE &1%2
ZERE DR B RR 2R /550 [Adam 1942] o CIE L*a*b*4 2% - K- ,:J’,’F{ﬂﬁlif/hﬁﬁ CE|
B3 &1 X2 0975 e 28 3 T8 O RZRTERIG o (B RGPS ZURT TR B EPSAR I B s g TE
#2541 [CIE 1978, Robertson 1977, Wyszecki and stiles 1982b]
(HE E’J’s 3

=116*(Y/Y,)'" - 16 Y/ Y, >0.008856

\JI

p—

L* = 903.3%(Y/Y.) Y/ Y, <0.008856
a* = 500 [f(X/Xs) — f(Y/Y.)]
b* =200 [f(Y/Y.) — RZ/Z.)] (1)

U5 XX Y/Y0,Z2/Z,>>0.08856 > 5|
X/ Xn)=(X/Xn) " K IY ) =(Y/Y ) P R2/2,)=(2/Z,) "
175 XX, Y/Y0,2/2,=0.08856 > |
f(X/X0)=7.787(X/X,)+16/116
fY/Y0)=7.787(Y/Y,)+16/116
f(Z/2,)=7.787(Z/Z,)+16/116
S XOYL ZRGA B IERIE ) X, Yo, Zo i FPA SRRy 22 TS0 B PR
e MEIE RS e
B )3 CIE L*a*b* &1 52 2R Maa ez = [T R0 AsUp g g
AE*=[(AL*)* +(Aa*)’ + (Ab*)] " (2)
s CIELAB B # s 53545805 XYZ = JleR 25 2 w8 ¥ aesf] L, a*, b* {84800 X, Y, Z
(* Y/Y,>0.00856)(5 » S[Ji~5."] " 2=V [Billmeyer & Saltzman 1981] :
=X, [(L* + 16) / 116 + (a* / 500)]’
Y =Y, [(L*+16)/116]

Z=27,[(L*+16)/ 116 - (b* / 200)] (3)
()2 K5
(L~ a* ~ DRSS VIR TR IR S RO S BBy T R rnvi‘*ﬁap

L*=116(Y/Y,)"*-16 =%

L*=903.3 (Y/Y,) © Y/Yn<0.008856

C*=[(a*)’+ (b*?]"* 1’ =tan” (b*/a*) 4)
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AB* =[(AL*Y + (AC* + (AH*)]'"? (5)

EI’IE‘%—Z. _Z'J:\JE'IEI;‘:-'. j 4 2 5 I X2 5 ?anJ# 5 o €|1El— ( AH*) A-:J;‘JJ_TEJ:‘}‘L :\\5\4} =

AH* =[(AE*)’ —(AL*)’—(AC*)’] " ©6)
Cr{Ez BT S FRA S P I EEEED (Ah) B9 P U SO ERIET o S B 5 A
H* (2877, ¢, =J~H'J‘J FLEHT U 20T Seve [1991&1996], Stokes & Brill [1992]4% o )
Seve[1996]F{Z & & AH*ATF, 7230 A 50 77
AH*=(a,;*b,y*-a,*b, *)/[0.5(C,Cy*+a, *a,*+b, *b,*)] "2 (7)
2-2.2 1976 ' )t gghinaes sl
CIELAB &1%22Z=F5]54] @ IXZATfEy [5771P] > Z5 CIELAB @130 3V & 50 A& R4
gk

Bl ATY | EAFW 0 1976 ' 93 BEEAVES 2R CIELAB 130 21505 3 T/\_JJRH,U-}U?“,__"_ B

> [EEF347Z £ McDonald[18], Luo and Rigg [15,16]%" Berns [19], [Alman et al. 1989]2%%

T o 32 BOAL Rk 425 CMC ~ BFD T CIE94 €130 130 » Wy3a 2% AU VEGf CIELAB &
I (S o B IR ST NSV REURE 5 T A s VYRR -g%-fuarj
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BB GG e @525 ¢ (Society of Dyers and Colorist » %% S.D.C) » = 1980 ' > El
McDonald 3~ 1" JPC79 &1 2t > [McDonald, 1980a&b]> = €13 1 = T 5 (£d%" CIE L*a*b*
V(B ANLAB BT 54 ) 553 205 W5 F T McDonald 57 5&0 7R 5H 7o {5 = R[4 H Acceptability
Color Discrimination Data ) 5553 o3> 1984 1 » CMC (1: ¢ ) “ >YF 1 Clarke ~ McDonald

v Rigg = * [dE [ PEERATERf » ot €1y 17258 (S.D.C ) B €1 £1¢: ( Color
Measurement Committee » %% CMC ) 5= » {8504 HL&RZT SR P]H 4 55 CMC @130
Sl e ASVR PR R RS S grse [ [ Clarke, 1984] 5 SURTRIERI T
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CMC (/:¢) ,ﬂ‘ R‘b[E'fI:’\’ BUESIZAZ Y (1988 ) ~ B [~ 25 @152 ¢ ( AATCC ) {FEt

ZE [1992]97 BIEE 4 585 (1SO) [1995]F4TF] o
CMC (¢:c) F:“:%—..ty :

AEcmc=[( AL*/£SLY+( A C*eSc)+H A H*/Sy)*]"? (8)
= t|' St = (0.040975L*q) / (1+0.01765L* )
W L*<16 5 2] SL=0.511
sc =[(0.0638C*yq ) / (1+0.0131C*yq)] + 0.638
Su=({T+1-DSc
I f={(C*a0)' / [(C*aa)* + 190013
T=0.36+ | 0.4cos(h’y + 35) |
2 164° < hq<345° >
21 T=0.56+ | 0.2cos(h%q+ 168) |
(=c=1 s B3 AT =2 =1 5 AR (O ) 97 o
(2)BFD &3 1=t
74 Luo and Rigg[14,15,16]§54 17 bﬁ'jfﬁi%j}}fjhiziié;ﬁ’]i'-'rj"/’wl'”":‘ s M R Tane

TN O ) RS R o PFRER] S S SRR R - MR

o BTG S BB I PICAR Y T L G R
‘ SR BFD (/:c) €13 A34[14,16] 0 BFD @137 A3V CMC (/:c) &
AR g (B a¥bMEI ] €S IR EPORITS ] 0 LIPS 85 % IT 7] Fong

FiZ iS5 a4 9] o
BFD (/:c) #:4[14] :
A Egrp=[( A L*grp/¢)*+( A C*/cDe)*+( A H*/Dy)*+ Re( A C* A H*/DcDy)*]" 9)
=" D, = [0.035 C* / (1+0.0365C*)] + 0.521
Du=Du(GT’ + 1 - G)
G = {(C*)*/ [(C*)* + 14000]}
=0.627 + 0.055co0s(h - 254°) - 0.040cos(2h - 136°) + 0.070cos (3h - 32°) + 0.049cos(4h +
114°) - 0.015cos(5h - 103°)
Rt =RuRc
Ry; = -0.260cos(h - 308°) + 0.055cos(h - 308°) - 0.379cos(2h - 160°) - 0.636c0s (3h + 254°) +
0.226c0s(4h + 140°) - 0.194cos(5h + 280°)
Re={(CH°/[(C*)° +7x 107}
L*gep = 54.6 log(Y + 1.5)— 9.6
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CIE94 254[7] :

A E*o=[( AL*/ky S )**+( A C*/kcSc)+H( A H*/kyySy)’]"> )
=S =1

Sc=1+0.045C*y4
Su=1+0.015C*
B ki=kc=ky =1 ; B i I_I )

k=2, ke=ky=1 ; Ephin " 3R ?.]lﬂl °
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1 CIERE L34 1%

Iluminant Dgs

IIluminance ~1000 lux

Luminance of medium gray ~ ~64 cd/m’

Background gray,L*,,=50

Sample size larger than 4°

Sample separation direct contact

Sample lightness L*,,=50

Surface structure homogeneous(texture)
Appearance mode object

Color difference magnitude  Ag less than 5
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15 (& » R (B0 2095 £ {578 T4 (Performance Factor, PF) | » 7,754
- L FANH TG 2

PF=lOO[r+CV/100+VAB—r] (11)
FUEFER 7 T CV EEF[EE T Coates[9]5% YT 5 Va (25l E | Schultze[25]% 34 "'. > T
BRI TG o ¥ SL el e[ B iR 5 B BRIV {ERIIEC T 2 S YT Badu s data

Sets[lg%]—érwqw "> e ARy 12 CIELAB &1 370 5 {R9S > s [ aofBRg1 S0 > whiniez
218554 % 2 7] CIELAB ~ CMC ~ BFD ©" CIEO4 &1 71205 ‘;Tn" EIEN ’1=x“r*“ B3 o
[ CIELAB A :Vt['87r (g 2Bl m a9 &z IR B0g205] o[ » CIELAB @130 [223(2
=it Bl & ""[Guan 1997] »

LRI o - R eI S AN BRSSP A TS T BV A 45 1960
BISRo tp Badw's BYE A5 5 V@557 92 CIELAB @13 [3{HRZ] » & E2]- i jla518
e ’jir— CIELAB @13 72U [ 2] S 2 6: o

B AT 0 TR TR B AR D e
pRge R T iffl B [ T R L SRR E 0 PR3 Rl s ) PE/3
BIA @Y 258 P RS ( percentage error ) ©

PF/3=100 (7 —1+Vas+CV/100) /3 (12)

VIEIEE T 0 Vag s CV 9‘"PF/3 [Z550 Hy (B8, 103 PF [G3R%) > A [ SHECASY
IR B W PF3 [ 30 0 R D MBS RIEL 3B 30%

FEA S Ry BIRSIGE s SR 110 9] €13 B9 fRE 0 AT BRI

EIURBCWID L LEEt b D T5X9em® ) o 2.&3 ERT L T o3.;é‘j;§;;j§€|: e s
TE N Th D TERE o ASUR T TAIR, ~ (D T BN 0 5G| REG o
6.l o TIURERE (Hairline gap ) | ~ "¢ R0 (Largegap) ; ©

BT SRR IREE 10 [DT EJATEIRZ ] 0 53 HEERY 0 SESTYE B 13200 TR T O o BOAE [

&

g 7 RSG5 A ]
L s R B S A CTEIRER
1. GDH Gray D¢s Hairline gap 110 12 2640




2. WDH White Dgs Hairline gap 110 12 2640

CIELAB ~ CMC ~ BFD ~ CIE94 13, =V 7 %%8 (= — " ABSHFRZ {11 &5 17 31
3. BDH Black Dgs Hairline gap 110 12 2640
4. GDL Gray D¢s  Large gap 110 12 2640
5. GAH Gray A Hairline gap 110 12 2640
S 13200
B EECAL 1 ] NI R B R B A R ] D
:’j"{:J rG (G a};}y & ) 0D Y <Whltez ) ] & 'B (Black=—? ) ] 5 ‘_rv'r*x ‘EJ ‘S: & ; /f—‘f}__
B0 TD <D65 SEPE) 5~ TA (ASR) | o %om st 552  #7 [BI9 TH (Hairline gap=

LR ), ~ TL (Large gap=7 &% ) | o 3~ R o
3-2 EfEeiRYt

Iy CIE Ba o ez [ &5 50 ’?2[][12] T B LR 5
DI AR 10 BT IS FT I €1 (Grey) S €1 (Red) ~{E € (Orange)
&) (Yellow) ~ R (Y-Green) ~$& (Green) ~ % & (Blue) ~25¢ (Purple) ~ &%
(Magenta) V4 (Cyan) 25 o S [FE CIELAB &7 3 Hion o 10 [E45 4 :[++* CIELAB a*
b* 5 T TR 3 B o ) € IITR] ABS BURERNY » 2 (R85 RIH Sem X 9em 4 )
,7;%—: BLZFEEE BE €155 40 2 ;‘1; T S 7208 £ 1] 2 CIE 100G BRI o 2 6
2l T EEYTRE 2 B o

‘M).

rmfll

>3 \\

~ 3 FREGHR W FERTRIE 3204 CIELAB (5
Color L* a* b* C* h’
Red 42.59 38.33 17.39 42.09 24.41
Orange 60.40 13.05 22.23 25.78 59.59
Yellow 78.87 -0.57 29.74 29.75 91.09
Y-Green 57.56 -10.34 4.62 11.33 155.92
Green 45.24 -20.09 6.75 21.19 161.43
Cyan 51.76 -11.40 -5.0 12.45 203.66
Blue 33.90 4.16 -20.13 20.56 281.69
Purple 45.11 15.08 -14.95 21.23 315.25
Magenta 49.73 34.89 -9.89 36.26 344.18

Gray 58.19 1.08 2.22 247 64.13




32 L LR B TS H05
7 1 A P =
35
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5r Ydllo
2 K
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10 | Red
-Green
’ G K Y?f .
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0
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T e e
N
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Cyan P?%ple
15 Magenta
220 F x{:
25 Blue
-30
-40 -35 300 25 -20 -15 10 -5 0 5 10 15 20 25 30 35 40 45 50
I3 10 fE5 4 0] CIELAB ax b3 =ikl
BRI RS @R S Rl Ta¥b* ) 2t USRS 0° ~45° ~90° ~ 135° T 180° &R
CORTEE ~ TLFa* ) v CUSTERY 45° S 90° T 135° 4R ATEERLST T Lrb* | et IkTeit 45
450 T 00 AR ATEE 0 BT, P BIERL bR EE | 11 $ EIRSIG 3 I 3 g
E{EJ;';&J;];J?%,}";« %y yj@l 407 ”}\ m[h 4 A EL 7] Rl 4a, FEl 4b BRI 4c E"’H‘ A EN 4 U = Ta¥p* |

FL*a*J

A ) TR E B T o

S TL*p* ) 2h e S RIS E s B RRIG G @30 A ] o By
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3-3 RIFERerEe

;EJ'E:'S"E" TEL N Thp g s T R 8 B R ER R S TR T EE S TR
=1 f W B R E Ry 2 LREN S0 B SR A BN o S 4 BRG]
é]% 17 CIEL*a*b*[3 o

S 4 o €13 L5 €7 CIELAB (&

&5 L* a* b* C* h°

Gray 43.75 -0.59 -2.69 2.76 257.58
White 92.87 -0.88 -0.59 1.06 213.61
Black 25.95 0.17 0.57 0.60 73.81

FBGEITE] TR L s W BTSSR RIS IS5 BS1006: A2 |'~'
VTSI BTN RS [2] 0 BOARI DRSO, 8 TEE O TR I{ERI{E (ABS) #
PEIRY AT PRI R v [ EE B T 5 - SBEEETES FISFHNM AT R i ( Hy
SESF st ) BERY » SR EESY CIE D65 / 10° ¥ i 1 52 [ F] o oy f = ,:tjequyan
Wl €55 CIE L*a*b*[& ~ AL*TAE B>~ 50

b o @ JpEREgk 2 CIELAB ~ AL*TAE &

Jp i L* a* b* Cc* h° AL* AE
Std 41.24 0.04 0.04 0.05 45.16 — —

5 41.24 0.04 0.04 0.05 45.16 0.00 0.05

4 42.9 -0.07 0.03 0.08 158.56 1.66 1.68

3 44.64 0.02 0.01 0.02 22.00 3.40 342

2 48.04 0 -0.01 0.01 307.24 6.80 6.82

1 54.83 -0.04 -0.03 0.05 216.21 13.59 13.61
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Abstract

Color difference research is important for industrial applications such as tolerance
control, assessment of metamerism and color constancy, color fidelity evaluation of different
color reproduction systems and a uniform color space for industrial design. An ideal color
difference formula should include factors to allow for the changes of viewing parameters,
such as sample separation, background color, luminance, lightness of sample, scaling
techniques, magnitude of color difference and physical size of sample. These changes in
viewing conditions could significantly influence the perception of color difference. Thus a
systematic investigation of parametric effects on color difference perception is necessary.

There are many viewing parameters might affect the perceived color differences of
sample pairs, and the CIE Technical Committee 1-28 on Parameters Affecting
color-difference Evaluation was therefore formed to investigate this problem. The objective
of this research is to study different effects caused by various viewing parameters. We used
sample pairs made of ABS to investigate how different viewing parameters, such as intensity
of color differences, color of backgrounds, source of light, interval of samples, could affect
perceived color differences.

All samples were prepared corresponding to ten color centers. They were named as red,
orange, yellow, yellow-green, green, cyan, blue, purple, magenta and gray. For each color
center have eleven color sample pairs, five sample pairs that exhibited chromaticity
differences with negligible lightness differences were selected, i.e. AL* was kept as small
as possible, while the other pairs included two pair having only differences in lightness and
four pairs that exhibited a mixture of chromaticity and lightness differences. At last, the final
experimental results were also used to test four color-difference formula: CIELAB, CIE94,
CMC, and BFD.
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As to the tests of effectiveness for each formula, CIELAB and CMC are better than
CIE94 and BFD. However, they were all quite effective in general.

Keywords : Color difference, Color difference formula, Gray scale method, Parametric effect.



