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

Grade AL Ad Ab’ | AEcias

5 -0.03 -0.01 -0.02 0.03
4-5 093 023 -0.09 0.96
4 1.78 -0.14 -0.02 1.78
34 247 015 0.53 2.53
3 313 021 043 316
2-3 5.06 036 0.13 5.06
2 6.69 0.39 -0.26 6.70
1-2 9.73 0.2 0.28 9.73
1 13.78 0.61 -0.66 13.80

ISO 105-A02¢01 2]3}H gray-scale®] AEciias
valuet= sample pair{te] A% 535S 43}t
Ul AREEA TR A 0}1 OAE}“) ket
L} o] Aol M= gray-scaled} o] ©A] W=
2kl o gk A= T B8A©] AEcras value
oF, Ayl Amrke] ol o3k S WA A
Bamrag value$te] A48 9ls)r] ¢)3to], 9
o] Table 19 YElH AEcwias value®} 22 3k
o] x}o]E Zt= samlpe pair sets= 73131

2.4 Visual Assessment

NCS M35 o = H-E AEH % sample pair
of gk A7 S gho] E ¥k (Light box, The
Judge II, Macbeth, U.S) | A th5-9] 27102
getelet.

De 8¢

45/0 7] 8%

gray-scale "5 (ISO 105-A02)

Aol sl W Al o] 201
o AZALN Al A 2R A A

Sample pair setsoll tist Al 237 A3} data
= 71714l 23k 4 data s RHR O Ao
71 7} fastness formula®] WEM AZ% T3 &

4 Al vlaalgie,

2.5 Application of the Fastness Formula
for Change in Color
Sample pair {Fe] M2HAE)E 7} fastness for
mula®l #-§-5fo] HMEM A 558 A s}
WAt

J. of the Korean Soc. of Dyers and Finishers, Vol. 18, No. 2(2006. 4) | 81



Ofth

18 gl . g . 20l

25.1 ISO 105 - A05 Fastness Formula'

CIELAB A}AL 7|Hko 2 Fho] WME A A
= S e gray-scaled] MaLE 23] 3}
]—_TL 7—} AT S3o] LMo E HAs 3
TL RS Hagke 24 HE| R Tl FAsE

AEy = \JAL™? + AC? + AH,

where)
AHr = AHg /[ 1+10 - Cy / 1000)° ]
ACE = ACx / [ 1+Q20 - Cy / 1000)° |
AHx = AH'w - D
ACx = ACy - D
D=(ACg - Cu-e") /100

ACy = (Capt + Cani) / 2
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x = [l - 280) / 30}, IF) | hy-280| <180  or
x = [(360 - | Jus - 280 1|) /30, IF) | hy - 280 | > 180
I = (hapt + habu) / 2 IF) |hapt - hapul = 180 or

hM = (hab,t + hab,u) / 2 + 180
hM = (hab,t + hab,u) / 2 - 180

¥ Ly, Cab,t/ hab,t =

IF) |hub,t - hab,u| > 180 and |hub,t + hab,u| < 360 or
IF) |hub,t - hab,u| > 180 and |hub,t + hab,u| = 360

CIELAB lightness, chroma and hue of tested sample.

L'y Caw ham = CIELAB lightness, chroma and hue of untested sample.

AL = Lt - L

Ac*ab - Cant - Cunu

sign of AH g = sign of (hay - hayw)
AEw = (AL + (Ad)? + (AB Y2

ha = the mean CIELAB hue angle of the tested and untested samples.
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GSR= 5.0— AE,/ 1.7

GSR= 5.0— Log(AE;/0.85)/ Log2

% GRS are rounded to the nearest half step, e.g. 1.0, 1.5, 2, .,
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Predicted results

0 . . . .
0 1 2 3 4 5

fastness grade unit of gray-scale for change in color
(a) ISO 105-A05 fastness formula

Predicted results

0 . . . .
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)
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Predicted result

visual result
(@) 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.
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Fig. 3. Predictions of fastness formula plotted
against visual data sets according to the chroma
difference.
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(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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Table 2. Root Mean Sguare(RMS) errors between
visual results and predicted results by the fastness
formula

Fastness newly developed 150 105 - A05

Samples omula fastness formula fastness formula
Gray-scale 0.145 0.012
Hue difference 0321 0.633
Lightness difference 0.473 0721
Chroma difference 0.382 0.572
Total 0.392 0.642
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