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Abstract— A new fastness formula based on CIEDE2000 color-difference formula is developed by B. Rigg
and his coworkers. It is very simple to calculate fastness grade for color change than ISO 105-A05 fastness
formula based on CIELAB color-difference formula. Sample pair sets which cover a wide range color space
were accumulated from NCS(Natural Color System) color book. For those sample pair sets, visual
measurement experiment and instrument measurement experiment of fastness grade were carried out and
each performance of ISO 105-A02 fastness formula and newly developed fastness formula was compared
through degree of agreement for visual measurement result. Newly developed fastness formula indicated
improved performance for measuring fastness grade but current ISO fastness formula for assessing change
in color, ISO 105-A05, was confirmed that it's performance is inadequate to measure fastness grade. Then
fastness formulae were examined more closely according to particular color spaces and the correlation of
hue, lightness and chrom for measuring fastness grade was also considered in this study.
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T BR-A)) 71 19963 ISO(International Organ-
ization for Standardization ; =t A| £ & A A 7] F)
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2]0] 19764 olF dA7E o A= H7 A
o B EYUXE Holes AR HriHo| T
¥, B3 BEet =7t }e Fdel dark color
ANX A#E Aot T2 A5 7HAE EAH
< Ve 9ok =3 ISO 105-A05 Fastness
Formula7} MY A% S5 @A QlojA
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2 323 Aateta Sl AR gAML o A
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< E23L Qs AXOIER o] AfE 5F ¢
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o CIEDE2000 Colour-difference Formulag 7|
22 8t 27% % newly developed Fastness
Formula™o] Z-g-3lo] & #aiao] HEM Az
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2.1 Sample pair setse| MY

AR AL B3 AE AFA AP oA
of opzte] 2A7k 24 U ARE 5F9 B
AolAl wie- F LAE THAE ¢ YLEE,
sample pair® AAS $3] Munsell 347 2}
A A AAFGLE g 2o|3 e NG ®
MAE AHEEFE T NCS A #%](Natural Color
System, Scandinavian Colour Institute AB, Stock-
holm, Sweden 2004)2] colour sample&-2 &4
7](CCM, X-Rite8200, US)E o]-¢-3}of M3}
T, 2 AT AF & ol-gatel 22k 44},
=, A= gro o) WEM A E SF 2ol
A3} sample pairE A A 3+ o

A A g st Biel Zo] NCS M E 3 AHE 2
22X AA Gl o) 2 A4E WiAIE = AN
oo, Rt} PH LT M-I FF-E 2Tt A4}
BT - Yo Zr JAR A AR E VMR = AR

2 ¢l sample pair® 2 4 YUt
2.2 Instrumental Assessment

NCS M EZ 2] 1949ea colour samples< &
A 7]1(CCM, X-Rite8200, US)E o]- g3} t}2 9
z7o2 e Z43hert

Des 539

10° BEEHSA

74 HRkAL 22T} (SCI)
UV 23

NCS ¥ 84 9] sampleE-2 &47]9 CIELAB
Az o g RS, M 35 F A, 3
T, A= ZtzZto] HEM AZE FFAolE LA
A] 7] = sample pair, & sample 7+2] AEcieLas 4t
o] Table 1¢f] U-E} Wl gray-scale®] Z} Fgof i3t
AEcas 20] 9 A 2] 8He sample pairg & 2} 60
7N (Z 1804) A8 8+t

2.3 Gray-scale for Color Change

Al Zt#A, sample pair sets@] Ad 2 HE A
A= 57 R4 g &S Hsf SO+
Z(ISO 105-A02)¢] gray-scaled ZA3}%ict.

Table 1. Instrumental assessment of the gray-scale
for color change

*

Grade | AL Aa Ab" | AEcieLas
5 008 | 001 | 002 | 003
45 093 | 023 | 009 | 09
4 178 | -014 | 002 | 178
34 247 | 015 | 053 | 253 |
3 313 | o021 043 | 316 |
23 505 | 035 | 013 | 506 |
2 6.69 0.39 -0.26 670
12 9.73 02 028 | 973
1 1378 | 061 | -066 | 1380

ISO 105-A02¢] &J3}™ gray-scale®] AEciLap
value= sample pair7te] A= SHS BA5
o ASEA gedm Pastn Yo a9
U} o] @A gray-scaled}t Zo] Tz W
zlo) ot AR E 5 B A AEcrEap value
of, AT} H=ghel Zeof ot F5 BHA A
Ecieras value2te] 484 & &3] s, 9
9] Table 1] YEtH AEckias value®} 22
9] Z}o}& zh= samlpe pair setsS A3

2.4 Visual Assessment

NCS Mg o2 A% o] sample pair
of st A|ZHEA-& grol E dFX(Light box, The
Judge 1, Macbeth, US.)ol| A t}-&¢] 212 &
At

* Des BEZY

e 45/0 7|31 %

e gray-scale ¥§ (ISO 105-A02)

o Mo haf WA HFEN HF 9 207
O] JEA oA AT AA|

Sample pair setsol] g3t A|ZtE 7t A3} data
= 71719 2%t &4 dataE HIF LB AHEE O
Al Z} fastness formula®] HEIN A= SH &
5 Asel wwstgch

2.5 Application of the Fastness Formula
for Change in Color

Sample pair 7+2] M XHAE)E Z fastness for
mulad] &3t HEN AfE 55 BAT
Aok
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25.1 1ISO 105 - A05 Fastness Formula' 7}53H4 3t ISO 105-A05 Fastness Formula

CIELAB Mx}4]g 7|8t 2 3t} HEM AF  (Eqn 1-3)o] S =]o7] Ztsample pair set A}o]
= 53€ UL gray-scaled] M $X]3 9 MIH(AEaman), BEIHAL), HEZIHAC),
5t1, ZF ASE F39Y JEEYE 43 H MATHAH ) S Ag3t] 7719 2L %
I HAE YT 2N A 539 X35 HEN AZe 55 B datad A&

AEp= /AL + AC + AH? : 1)
where)

AHp = AHg / [ 1+(10 - Cum / 1000) ]
ACr = ACk / [ 1+(20 - Cy / 1000) ]
AHx = AHp - D

ACk = ACw - D

D=(ACus: Cu-e)/100

ACM = (C*ab,t + C*ab,u) / 2

AHg = [(AEw) - (ALY - (AC)] ¥

x = [(hv - 280) / 30 IF) | hw-280 | <180 or
x = [(360 - | hy - 280 1) / 30, IF) | hw - 280 | > 180
hM = (hab,t + hab,u) / 2 IF) ]hab,t - hab,ul = 180 or

huy = (hab,t + hab,u) / 2 + 180 IF) |hab,t - hab,u| > 180 and lhab,t + hab,u| < 360 or
hv = (hab,t + hab,u) / 2 -180 IP) |hab,t - hab,u| > 180 and lhab,t + hab,u| = 360

*L, C*ab,t, havs = CIELAB lightness, chroma and hue -of tested sample.
L*u, C*ab,u, hau = CIELAB lightness, chroma and hue of untested sample. -
AL = Ly - L, '
ACw = Cat - Cabu
sign of AHa = sign of (hapt ~ Maba)
AEw = [(AL) + (Aa)’ + (2b)']7”
hm = the mean CIELAB hue angle of the tested and untested samples.

Eqnlo| A AE=Hol AEr= ol 9 Eqn.2¢} 3& §oto WEMN A= 5 d(gray-scale rating
for change in color ; GSR)2.2 A =o] A 4= Ut}

GSR= 50— AEg/1.7 if)AE, < 3.4 )

GSR= 5.0— Log(AEr/0.85)/ Log2 if)AE.> 3.4 3)

¥ GRS are rounded to the nearest half step, eg. 1.0, 1.5, 2, .., 45, 5.0 (totally 9 steps)

2.5.2 New Fastness Formula® (gray-scale rating for change in color ; GRC) #

H CIELAB Mxtale] Mamy ot g & datad AH&3tsich

7% - IdE AR ez A gkd AEDE2000 M2t ~p o= .88 + 3.89¢  024%me @)
2o 2B FZEHOZA newly developed fast-
AEgpe= AEy — 052 AE}L — ALY,

ness formula(Eqn. 4)of] &4 datag 283} (A .
Ewo, ALw) 71719} SA4e]] of3t WM A== 55 (A Eyy Computed With k;, = 1.0, ko= 0.5)
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2.6 RMS(Root Mean Square)'® Ztol 2|5t
A2 Y49 45 HS
Sample pair sets?] A E SF BA | gt
ANzt B7t Azteh 2t AE AZE B0 o
st Awelol EYx] AZ+= RMS(Root Mean
Square) ZHEqn. 5)9 23} =2 FQFH

RMS = \/__i(xi— Y, )/ n ®)

Xi : instrumental assessment result of fastness grade
unit for sample 1.

Y; : visual assessment result of fastness grade unit
for sample i.

A= IR B A% AR 7
WE AYE WA AT B Aol<]
& XS AL RMS gho] ‘0ol Hofof &
th. & RMS go] 245 WEA AYE 57
WHAY o] S4stttn T 4 ek

3 Zo Y 1%

-

3.1 Measurement errors

AP A7 datad] A=YE &QA3s7] A5 &
S5 X A Z4H7} datad]] 3t 2+ LEA Aol
o] ¥4 exg vjwsti, 717184 Azt datad]
RojA 2 S A3 @aHE vk RMS e
2 gristgrt.

#EA Atole] ezt FEAY WA
of di3) ct2 1989 #&A Az Ay AiE v
A3t WYL E RMS e AAstEd, o
2 219] H RMS -2 0592 Uebitil, 2219
Hol 2 0.00014 I 1.549) RMS o=z
Uersth

A= 2t sample pairge] 3t 7]7] 4]
ZA AP lojA nF 58 Ajdstgch
o] 5 set®] Z S A= Eqn. 29 Eqn. 3& &
8 I1SO GSR grades2 W3, o] A A4t
H Z} grade seto]] tfg RMS S v|a o=
7171874 A3} data®] @7} F7HE A 7]7)
wA A e Ye HA 00094 FHi 0.7
69] RMS 7t el T B3 9= 031 RMS
& YebWh 71710 o3 #A Aol e &7t
HE&A Abolo] ®A 2 XH(mean 0.59) Eot A
A Wk Aol Fl=EAT, I FaFd 2319 R

oA 2 New Fastness Formula®fl 28h H32 19

MS Zto] 031 2 uj& e e Jrhs =|
oA o] 77]0] o3t 2 @ WAo] wrEg Tt
3 45 Uedcs Brletach

3.2 Fastness FormulaOf ME gray-scaleg]
e S5 ©d

A1 A =] 0] A sample pair sets9] HEX A==
SEEAA oA A ZH7Ie HEY A=
T8 T4 Y dA] A= E FRlste, T w4
£9 A%E w7 ojAd gray-scale(ISO
105-A02)9] &4 Foto], HEN A B4
Ao o3 A&=Hozl et HEM HI=F
UEtl= gray-scaled] AA 2+ SHEL2 4A

55 % davt Atk 71&Y HEE 5
o2 FA=oJA gray-scaled}te] Uz = H
o A3 A E B =&9 7|20 v
g 4 7 HEo|th

Fig. 10] gray-scale®] Z+ HE|N A= FF
of] B3l ISO 105-A05 fastness formula®} CIEDE-
2000 AxpAj o 2 BE FEE o7 newly develo-
ped fastness formula®] 4z A=E e
t}. Fig. 1914 Yebdl ukel o] gray-scale?] 2t
Az EFo) didA ISO 105-A05 fastness
formulas &8idtA dX3sta A, 105-A05
fastness formulag AT Z X L AIetE 9
7 newly developed fastness formula® 2F7h9]
2 XHRMS value = 0.14)& Y1 S
A% % ek

I} 1SO 105-A05 fastness formula= H F
A A= 5F& et gray-scaled] MI}E
FA L 4 A 539 FEHAE AF
3t 5 O MAE v EN AT 5FS S
23t Y2 EEAR ARE B 4
O|E 2 gray-scale®] Z} A= T3} &HslA
dH et AL oju] qAfEAY A T 5
At EZF 059 RMS g2 datazhe] 242 &
271 2 ARE 57 Aolg AW5F =S U
B Ao 2N F data 7+ 388 Wl 4%
A=E Uelle 3&X ks THAA newly
developed fastness formula®] A= B A3
9} gray-scale?] = Fg Alole RMS gtol
0142 of-¢ 22 gholztes AL F5E avt
At & A= S5 BAH QoA Hoh A
5 A2 EY H5 %7 AEE ol sample
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pair sets?}e] RMS & F3to B71E 4= UL
o, newly developed fastness formula7} gray-
scalec]] thafA HES Tt 8] 3] A=E
et AL st

3.3 sample pair setsofl Cist A= SF2l
g

331 BT o ofgt Mxi2 &

setsol] CHt AZE 5

O] 344 F HEAH —45} "—‘VPE HE A

A% 2o|7} dAEH= sample pair setsof T

’g% sample pair
o &

2
F]
[T}
g
T
2
L
T
g
o
0 1 2 3 4 5
fastness grade unit of gray-scale for change in color
(a) ISO 105-A05 fastness formula
ﬁ
]
N
g
B
Q
°
T
2
o

0 1 2 3 4 5

fastness grade unit of gray-scale for change in color

(b) newly developed fastness formula

Fig.. 1. Predictions of fastness formula plotted against
fastness grade of gray-scale for change in color.

(For a perfect agreement between the instrumental
prediction and visual result, all points should fall on the
45" dashed line. Points outside the two solid-lines
gave predictions disagreeing by over 0.5 of the grade)

84 / st MIIBEISIA M18A HM2Z(2006. 4)

[

ot

o
ot . 21 AF

A
o T

Qn

v

3 A fastness formulao] 2|3t A= SFHA
Ak} 2089 BEpo] 3 A7 Hoh AnE
Fig. 201 UrEhSic Fig 28 $8) 23 & + 3
%0] o] sample pair sets]l JAA A|ZH7F E
}9} ISO 105-A05 fastness formula®] &J$t A F
T WA Apolo] RMS g2 07212 w¢ =
& £27} YEY R, newly developed fastness
formulac] 93] 4HEHZ A= #HPEH}
£ I B} W2 04732 RMS &2 YelH. o]
RMS & E34 newly developed fastness
formulaz} ISO 105-A05 fastness formulaX T}
N7 A%e B AAFHE 5L Uehd
< 34T = UAT, 058 RMS gho] #Y A
data Abole] x| H=E Uetie &A=

ﬂlﬂl

Predicted result

visual resuit
(a) ISO 105-A05 fastness formula

Predicted result

visual result
(b) newly developed fastness formula

Fig. 2. Predictions of fastness formula plotted against
visual data sets according to the lightness difference.



CCMZ 0|28 HEM AT

=2

on

B4 AlZbi Aol gt newly developed
fastness formula®] & A3}7} gbE3atst A3t
4g JHgaE B S gt
of AT dataEel BHE T8 YSHo
FEY W3 AL, CIELAB MRS ul%a
A7 MRS AR Azpst B BAX
= Yehyol A4 He dark color o]
A9 AfE VA ZI= newly developed
fastness formulal F3] ZA HAHAFH =
Aolt}. &, AP=2] sample pairo] 3] CIELAB
A2l Z|dto g Srxiojz ISO 105-A05
fastness formula: A)ZFg 7} ZAatet 0.7939]
¢ =& RMS 3 7HA+&= ¥, CIELAB A
4G 54 9HNA H2 RAekEol CIEDE
2000 Mzp4] o 2HE {7 newly devel-
oped fastness formula:= 0.384¢] %% whgt
RMS valueg YEHU U o] A2 AA 44t
QoA & EvE E=23l1 9= dark color
Jedo) A 7|= M)l BAH7} CIEDE200
o] ojs) AR AMEW Arketn o
AR 4 ek
3.3.2 ;=0 2ojst MxiZ2
setsOf| st ZAg =
Mol 344 5 AEge] g7 A W
AR E Z}o]7} WSt sample pair setso]] T
3t fastness formulad] AZE =& IR Ao}
A7} ATe Fig 30 ek of sample
pair setsof] ojgt A|Z+g 71 A1ke} 1ISO 105-A05
fastness formula®ol 93t A== WA Z I} A}lo]
o] RMS 32 ¥4 05728 F& $A7} e
%1, newly developed fastness formulaoj
o3 AtEEolF Az WA Apet:= 0382
o] RMS gk<& YetySith o] RMS ZHg 3
¥ &= U=zol Az 7t Ao sty
newly developed fastness formula”} ISO 105-
AQ05 fastness formula Bt} ¢F 40% A== &
AstA 3t deE e, oA A9t
Hiel Zho] 7]Eo] @& FA|Hol AVI=EAH
dark color GG XS] AA= sample pair
setsof] T3 AFE WAL CIELAB A2
ZIvte 2 8wz xojz SO 105-A05 fastness
formulaz} 0.6029} W& =& RMS F2 7HXA
+ W, CIELAB M4 & +£4 -4d AlA
| A=l o]z CIEDE2000 A x}4] 0 2 R g

1%l sample pair

Rk
s39 Yy

e
04

]

New Fastness Formula0ll 2tgt H3?

bl

Predicted result

0 , 2 3 : 5
Visual result
(a) I1SO 105-A05 fastness formula

Predicted result

Vistial result

(b) newly developed fastness formula

Fig. 3. Predictions of fastness formula plotted
against visual data sets according to the chroma
difference.

FEEo]Z newly developed fastness formula
£ 03479 RMS @& 7HAE g nEH
A3 22 4 YA

3.3.3 Malof| o|8t Mxt2 MHE sample pair

setsoff et ZHAEE S29 I

Mo| 344 % AN og AT WEY
Az z}ol7} L3 sample pair setso] o
3l fastness formula®] A== S5 ©A A ate}
Az 7t A3HE Fig. 40 Yeb ok Ak
9] zjo]2 MAE 7FA|= ©] sample pair sets
o tht A|Z+ 7t A3el I1SO 105-A05 fastness
formulacf] oJ3t A== W F3t Atoje] RMS 32
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Ol

RIS
0.633-2 e S 1, newly developed fastness
formulad] 93] AH&EHAR A= B AT
oh 03219 RMS Zhe Uehysich 23 A4
o o Rol2 MRS HAT AYE S
Z}o]7} WA s o] sample pair setsof] o 3 A
newly developed fastness formula= 1SO 105-A05
fastness formula B} wj$ FAEAZA AS5S
Uehlie, g 9st A3 992 Z3ete= o
%%t sample pair seto] A= FFZH < RMS
L 7= AL Itk &, newly developed
fastness formulaZ}t A2 x 539 @A 3o
A MArapolof] tidt Aol A AAEUTHL
1EE & Ak

5

Predicted results

Visual results

(@) ISO 105-A05 fastness formula

Predicted results

Visual results

(b) newly developed fastness formula

Fig. 4. Predictions of fastness formula plotted against
visual data sets according to the Hue difference.
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J

et -

2 YR Yas
4. 8@ B
A - AR wet Z7] B, HEsel

7 sample pair sets¥} gray-scaleo]] gt AjZta
7 A<} fastness formulad] J3) 4h&E o7l
HE X AT BAAT Atole BEYA] FA=E
RMS gre 23 Table 29| el it Table 29
RMS Z& E3| CIEDE2000 M =}4]-& 7|Hte 2
S =59} A newly developed fastness formula
7} gray-scaleo] TieiA RET W FRHL
7}, ISO #ZA .24 CIELAB AAj2joz2H
B S 5ojA SO 105-A05 fastness formula 2
o HEN AZx F39 B o] M4 -3
T A=, & AX 4 Yo BHriEo] His A
9] 344 BEF9 AL i3] FAEH HF
2 7HAtE AL U T 4 Utk B ARE
9} APx 4 H2 sample pair setsof] g TF
Azte] A& B3t 7]1&9 CIELAB A4 &
H| 23 ofg] MR E0] ABE 2 B2 &
A2 & verfo] EAAEAD dark color G
oA AZRE BWAHZI7} newly developed
fastness formulaZE £33 A& J/jJAEAHTG=
2y ot A7E 9 + Ak

Table 2. Root Mean Sqguare(RMS) errors between
visual results and predicted results by the fastness
formula

Fastness
Gray-scale 0.145 0.012
Hue difference 0.321 0.633
Lightness difference 0473 0.721
Chroma difference 0.382 0.572
Total 0.392 0.642
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