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Relationship between visual assessment and
instrumental assessment of the change in depth of
colour in colour fastness tests

Taeko NAKAMURA

Colourists visually judge the colour contrast between treated and untreated fabric against the
contrasts of the grey scale. A result by the traditional method based on visual assessment varies from
observer to observer.

In this study, visual assessment was performed by assessing colour depth change of samples prepared
systematically. In contrast, instrumental assessment was performed by using 17 formulae.

The relationship between visual assessment and instrumental assessment was compared, with following
findings.

1. The correlation coefficient between visual assessment and instrumental assessment was improved

by using colour fastness formulae rather than colour difference formulae.

2. The correlation coefficient was especially high when using Nc# value and SEK grade.

3. The correlation coefficient between visual and instrumental assessment was high for each colour

point except a very pale tone.

4 . The correlation coefficient was not good for a very pale tone.

5. The correlation coefficient was good for Purple, but yellow was not good. Green was bad, except

for the SEK grade and the ISO grade.

6. In the case of change in depth of colour, the instrumental assessment according the colour

fastness formulae was much better, and in the case of change in colour the instrumental

assessment according the colour difference formulae was better.
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Fig. 1 Standard colours of change in colour

arranged in Munsell colour space.
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Fig.2 The grey scale for change in colour

Table 1l Dyestuffs used for specimens.
1 Kayaras Light Yellow F8G
2 Kayarus Yellow PG
3 Kayarus Supra Yellow GLS
4 Kayarus Supra Yellow RL
5 Kayarus Supra Brown GL 125
6 Kayaras Supra Brown GTL
7 Kayaras Supra Brown B2R
8 Kayaras Supra Scarlet BNL 200
9 Kayaras Light Scarlet F2G
10  Kayaras Supra Red BWS
11 Kayaras Light Rose FR
12 Kayaras Supra Violet 5BL conc.
13 Kayaras Supra Blue BRL 200
14  Kayaras Supra Blue FFRL
15  Kayaras Supra Blue 4BL conc.

16  Kayaras Turquoise Blue GL

FonfgtomEkEL, ZROHI L -7 -
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e, i EAE 2 FR T 2 LD 27—
TS BB TE 32 £ E A, ZREH
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4-27, AR Tl L, FHHIFEME o R &
155 =HIEMEX, Y, Z&KkDi.

Fig.3 A colour scale used in visual test for
assessing change in colour
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1. CIELAB#

AE*,, = {(AL®)*+ (Aa*)*+ (Ab*)4"? (1)
2. cMC (1:1) &7

AECMC -
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{(AL*/1S,.)*+ (AC*/cS)*+ (AH*/S)H (2)
2T, l=1, c=1
AH = {(AE*,))’— (AL*)*— (AC*)*}'"?
S, = 0.04975L*,/(1+0.01765L* ) (L*, = 16)
S, =0.511 (L*, < 16)
S. = 0.0638C*,/(1+40.0131C*,) +0.638
Sy = S(Tf+1—1)
Fz#2 L, f= [(CY/{(C*)*+1900}]
T = 0.36+ | 0.4 cos(h,+35) |
(h, < 164°, h, = 345°)
T = 0.56+ | 0.2 cos(h,+168) |
(164° < h, < 345°)
3. cMC (2:1) &7
AEceme -
{(AL*/1S)*+ (AC*/cS)*+ (AH*/S, )M (3)

4. CIE94 (1:1) &
AEq, = {(AL*/k,S,)*+
(AC/kSO*+H (AH* /Ky (@)
2T, k =1, ke=k, =1,
S¢ = 1+0.045C*, Sy = 140.015C*

5. CIE94 (2:1)

AEq = {(AL*/k,S.)*+

(AC*/keS)*+ (AH kS (5)

22T, k., =2, ke=k, =1,
S¢ = 1+0.045C*, S, = 1+0.015C*

AEg = {(AL*+(AC)*+ (AH)* M (6)
ACy = C*,/{14+(Cy/50)*}, Cy = (C*+C*y)/2
AHp = {(AE* )'— (AL*) = (ACH)*}?

7. ISO R

AE; = {(AL)*+(AC) + (AH) M (7)
Z T, AHp = AH/ {14 (10C,,/1000)%},

ACp = ACy/ {1+ (20C,,/1000)*}

AHy = AH*—D, ACx = AC*—D

D = AC*Cye ¥/ 100

-
«

X = {(hy,—280)/30}* (] hy,—280| < 180)
X = {(360— | hy,—280 |)/30}*
- (Jhy—280| > 180)
Cy = (C*;4+C*p)/2
hy = (hy+hg)/2  (lhy—hy| = 180)
hy = (hy+hg)/2+180
(lhy—hg | > 180, (h+hy) < 360)
hy = (hy+hg)/2—180
(| hy—hy | > 180, (hy+hg) = 360)
L*;, C*p, hy: ZBEBAHD A Y » 7BHE, £ b
Vo=, MYy 7 EiEA
L*y C*o hp: BEfOA MY w ZBHE, £ MYy
youa=w, 2w rEiEA
AL* = L* . —L*,
AC* = C*,—C*y
AH* = {(AE*,)'— (AL*)* = (AC*)*}?
AE,, = {(AL*)*+(Aa*)*+ (Ab*)*}7?

8. AEpy 7t
AEpg = [(AD)*+ {ABL(100—L*,)L*,/2000}*+
2C* o (1— Ay 4/360)C* (1~ Ahyy, 1/360)
{1— cos(Ah)}]1"* (8)
D = (100—L*) + (0.14 Ah,g,/360)
(1—2A\hyg/360)C*
By = 2000(1— Ahyg/360)C*/{L*(100—L*)}
Ah: * Y 7BHEDOE
Ahyg:290° & 2~ U v 7 BAEDE
(0° £ Ahy, = 180°)

9. AE** 3
AE** = [(ACH)*+ {AB*(10-V)V,/25}*+2C.C;
{1— cos(3.6AH)}]"? 9)

AH: <= vtz (100 hue step)
AHgy :5Y 25D = v 2 v biEE
(0 < AH,y < 50)
V:=veHE, C:~vver/so=,C*: <
Ve IVED SEHTE SN A EREME
C* — 2172>< ].OC (lanllc)/2V/2
tan H° = 0.01+0.001AHg,
B* . v v e IVEL SHE SN L HAME
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g, 0} Do’ gete B A SRR 3 52354, Eido kol
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HHDT, INL1THb SE SN 5 EHRIFHnE & R
11, Ner 5 TR R, T ORE, EOAESTOEbEbA
Nc* = 5.5—In{e(AE**/C*)/(wKp) +1} /1n2 (1) Wi BLW T, BEXL S8 SN ATRIEHE
27T, €= {p(AE**/C*)}" 5 & 0 BRERK, S5 50 25T RIFEME O 23 1R KFE

p = 1.1—0.65cos(3.6AH), h =0.30 il & DS WHEBIREME o (F2, 3).
K, = 0.125, @ = 0.12 ISBE 7 L — 2 — VAR LTV 4 CIELAB 3

fE, HRFHmE & OMEBEIA R b > 1oNc* i, Bz
CMCZ(2)3), SEKZ(6), ISO=(T), FezX0), Nc*  fl@h SFHRME I T X HEFME & OMBE & 50 -

Table 2 The correlation coefficients between instrumental and visual assessments in six colour points.

Instrumental method  All 8/2 5/2 372 7/6(4) 4/6(4) High Chroma
AE', 0927  0.932 0.933
CMC(1:1) 0.893  0.936 0.930
CMC(2:1) 0.900 0918 0.924
CIE94(1:1) 0.903  0.942 0.912
CIE94(2:1) 0.936  0.930 0.942

SEK 0.933 0.937

1SO 0.928  0.937
AEpgy 0923 0933

Fc 0.805 0.866 0.939

0.927

0.925
0.932

0.948

*k

AE 0.941 0.939
Nc' 0.911
CMC(1:1) grade 0.913 0.881

CMC(2:1) grade 0.881 0.856 0.823 0915
SEK grade . 0.943
ISO grade 0.943
Fc grade 0.943
Nc* grade 0911
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Table3 The correlation coefficients between instrumental and visual assessments in five hues.

Instrumental method All Y G B P R
AE', 0927 0914 0949 0927
CMC(1:1) 0893 0904 0887 0870 0934 0923
CMC(2:1) 0900 0946 0904 0928 0937  0.924
CIE94(1:1) 0903 0856 0920  0.888
CIE94(2:1) 0936 0941  0.950
SEK 0933 0929  0.944
I1SO 0928 0912  0.943
AFEpgy 0923 0919 00913
Fc 0805 0781  0.852
AE” | 0.937
N’ 0.947

0.913
0.881

0.888
0.861

CMC(1:1) grade
CMC(2:1) grade
SEK grade
ISO grade
Fc grade
Nc* grade

0.903
0.915

0885 0933
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Fig.4 The relationship between visual assessments
and colour difference values : Nv-AE*.
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Fig.5 The relationship between visual assessments
and colour difference values : Nv-Nc*

l ——

W
T

SEK grade

Nv

Fig.6 The relationship between visual assessments
and colour difference values : Nv-SEK grade

Table 4

The correlation coefficients

between

instrumental and visual assessments on change in
depth of colour and change in colour

I

r

Instrumental method change in depth

change in colour

of colour
AEab 0.927 0.679
CMC(1:1) 0.893 0.646
CMC(2:1) 0.900 0.434
CIE%94(1:1) 0.903 0.871
CIE94(2:1) 0.936 0.685
SEK 0.933 0.777
ISO 0.928 0.794
AEppy 0.923 0.799
Fc 0.805 0.707
AE** 0.953 0.642
Nc# 0.956 0.728
CMC(1:1) grade 0.913 0.803
CMC(2:1) grade 0.881 0.597
SEK grade 0.954 0.827
ISO grade 0.951 0.798
Fc grade 0.928 0.706
Nc” grade 0.952 0.720
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