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In Part 1 of this paper, different fastness formulae for change in colour were compared. In the present
report, the same methodology was used to compare different staining formulae. A set of experimental
results was used to test the performance of various staining formulae. The constant grade contours
for each formula were also calculated. Their patterns were compared and their differences were

identified.

INTRODUCTION

In Part 1 of this paper a set of experimental results was
used to test performance of various instrumental methods
for assessing change in colours. The constant grade
contours for each formula in CIELAB space were also
calculated for the selected colour centres. Their patterns
were compared. The colour areas showing the largest
differences between the formulae studied were identified.

It is recommended that further experiments be conducted

in these areas for verifying these formulae. A similar

methodology was used in the present report to compare
the performance of various instrumental methods for
assessing staining.

The sample pairs used for assessing staining and
change in colour are different in three respects:

(@) The untreated fabric (standard) for assessing staining
is always an ‘off-white’ colour (close to neutral), but
could be any colour for assessing change in colour.

(b) The treated fabric generally appears ‘deeper’ than the

' untreated fabric when assessing staining, but ‘weaker’
when assessing change of colour.

(¢) The colour differences between adjacent samples in
the two standard grey scales are different as shown in
Table 1. The colour differences between two neigh-
bouring grades for the staining scale are larger than
those for the corresponding pairs for the change in
colour scale.

As mentioned in Part 1, Technical Committee (TC) 38 of
ISO is responsible for all matters concerning textiles, and
within TC38, Subcommittee 1 (SC1) was formed to
standardise all colour fastness testing methods. Its aims
include establishing instrumental methods for assessing
change in colour and staining [1]. Various staining
formulae have been derived and proposed by various
national standard committees in the UK, Germany and
Japan. The German proposal is the current international
standard (ISO 105:A04), which was agreed in the ISO

356 JSDC Vorume 113 DEecemser 1997

Table 1 Colour differences between each
neighbouring pair in the standard staining and
change in colour grey scales

Fastness ISO 105:A02¢ . ISO 105:A08°
grade AEY, AE%,
5 0.0 0.0
4-5 2.2 0.8
4 43 1.7
34 6.0 25
3 8.5 34
2-3 12.0 48
2 16.9 6.8
1-2 24.0 9.6
1 34.1 13.6
a Staining

b Change in colour

meeting at Bad Soden, Germany, in 1987. This formula is
denoted SSR(ISO) hereafter.

Almost all staining formulae were derived by extending
the CIELAB colour-difference formula, except the
Japanese N; formula, The staining grade of the N; formula
is calculated using the colour space of Teraji et al. [2],
including hue, colour depth and brightness attributes,
which are computed from Munsell coordinates. Recently,
the F, formula adopting the dyer’s terms ‘hue’, ‘colour
depth’ and ‘brightness’ was derived from CIELAB colour
space [3]. In this study, all staining formulae, except
CIELARB itself, are capable of directly predicting the grade
of colour fastness, unlike those for assessing change in
colour which require an interpolation between the colour
differences and grades defined in a conversion table.

FORMULAE FOR ASSESSING STAINING
Five staining formulae are investigated here: CIELAB,
SSR(UK), SSR(ISO), N; and F;. A brief description for each
formula studied is given below.



CIELAB

In the ISO 105:A03 standard (grey scale for assessing
staining), nine grades (from 1 to 5 together with the half-
step fastness) are specified in terms of CIELAB AE values
{4] as givenin Eqn 1:

AEG, =[(AL*)? +(Aa*) +(A*)2 V2 (1)

The CIELAB formula is also tested as a staining formula in
this study. The grade is obtained using the conversion
table between the AE";, and grade values in Table 2.

Table 2 CIELAB colour difference value for
each staining fastness grade

Staining

CIELAB colour difference grade

AE%, < 1.10 5
110 < AE, < 3.25 45
3.25 < AF', < 5.15 4
515 < AF, < 7.25 34
7.25 < AF, <10.25 3
10.25 < AE*,, <14.45 2-3
14.45 < AE*,, <2045 2

20.45 < AEY, <29.05 1-

20.05 < AE", 1

2

SSR(UK)

The SSR(UK) formula was developed by the members in
the Colour Measurement Committee of the Society of
Dyers and Colourists, UK. This formula is given as Eqn 2:

SSR(UK)="7.05-1.43 In(AE*, +4.4) ¥4
where AE*;, is the CIELAB colour difference.

SSR(ISO)

This formula was proposed by the German national
committee and has been adopted as the ISO standard
(ISO 105:A04) since 1987. The formula is given in Eqns 3
and 4:

For grades less than 4:
SSR(15O)=6.1-1.45 In(AEg) 3
otherwise:
SSR(ISO)=5-0.23 InAE, (4)

where AEgg = AE*, — 0.4 [(AE*3)2 — (AL*]V2, and AE*;, and
AL* are calculated from the CIELAB formula.

The SSR(ISO) formula consists of two equations for
grade values greater and less than 4, respectively. The AEgg
converts the colour difference to the lightness difference
on the standard staining grey scale. Figure 1 shows the
relationship between the AE*, values and grades for
staining pairs having only lightness difference. It can be
seen that there is a linear relationship for AE¥;, values

between grades 4 and 5 (plotted as a dashed line), and a
nonlinear one for grades less than 4 (plotted as a solid
line).
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Figure 1 Relationship between AE",, and grades predicted by
SSR(ISO) formula for staining pairs only having lightness difference

N;

Teraji and co-workers developed a colour fastness
formula, N, based upon their colour depth and brightness
scales [2,56-10]. They then found that there is a good
correlation between the staining grades and colour depth
values, This led to the development of their staining
formula:

Ns=5‘5_ln(AC /Kp+1) )
In2

where: Ky=0.125
C’ (colour depth) = 21.72 x 10<(tan H)2V2
tan H® = 0.01 + 0.001 AHgp
AHzp = Munsell hue step difference from 5B
0< AHgp < 50
V = Munsell value
C = Munsell chroma.

F,

More recently, the F, colour fastness formula based on the
dyer’s terms ‘hue’, ‘depth’ and ‘brightness’ has been
derived [11,12]. This formula is similar to the F_ formula
for assessing change in colour described in Part 1 of this
paper. This formula is given in Eqn 6:

ky
kAEppy ]

F,=5-5
100- Dy
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where: AEpgy = {AD? + [ABp(100 — L*p)L*/2000)% +
2C% Chr [1—cos(a)] Y12
kl =22+ 00001 [1 + 000005 (Ahzg();[) C*T] DT
kz = 0.62 + 0.00004 (Ahzgg;r) (BD,T)
D) (colour depth) = (100 — L*) + (0.1 + Ahygy/360)
(1 - Ahggy/360)C*
Bp (dyer’s brightness) = 2000 (1 - Al,g/360)C*/
[L*(100-L*)]
L*, C* and h are the CIELAB lightness, chroma
and hue angle, respectively
Ahay is the difference between the hue angle of
the sample and 290° (always between 0 and 180°)
Subscripts T and R represent treated and un-
treated fabrics, respectively
AD, ABp and Ak are the colour depth, brightness
and CIELAB hue angle differences between the
treated and untreated fabrics.

FORMULAE PERFORMANCE USING A
VISUAL DATA SET

A set of experimental data accumulated by Nakamura et
al. was used to evaluate the performance of the various
staining formulae [10]. The 55 pairs of samples in the set
were prepared with a mean CIELAB AE value of 14. The
samples were prepared using cotton, viscose and silk
substrates. Each sample was obtained following a
standard procedure for wash fastness test. For all three
substrates, samples were dyed with the same group of
direct dyes. The rubbing samples were also prepared
using cotton fabric following a standard procedure for
rubbing fastness test.

Figures 2 and 3 show the sample distribution on the
CIELAB g*b*, and L*C* planes, respectively. These figures
show that the treated samples covered various parts of
colour space. In general, the treated samples appear
‘deeper’ than the untreated fabric.

These pairs were assessed by a panel of 26 observers
with normal colour vision against the grey scale for
assessing staining. Each pair was covered by a dark grey
mask, and viewed under a daylight source. The experi-
mental procedure and viewing conditions conformed to
ISO 105:A03. The colours of the samples were measured
using a spectrophotometer (Hitachi Colour Analyser 307).
The colorimetric values of samples were calculated under
illuminant C and 2° observer conditions.

Figure 4 shows the mean visual results (N,) plotted
against those predicted by five formulae. For a perfect
agreement between the visual and instrumental results, all
points should lie on the 45° line. The correlation coefficient
() and root mean square (rms) of the differences between
the predicted grades and the N values were also used to
indicate the degree of agreement between the formulae’s
predictions and the visual results. For perfect agreement, r
and rms values should equal one and zero, respectively.
These results are summarised in Table 3.

In Table 3, the results indicate that all formulae per-
formed reasonably well, that is, they all have high r and
low rms values. They also show a reasonably small scatter
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in all diagrams in Figure 4. In general, all formulae
performed better than the CIELAB formula. The resulis
also show that there is large difference in performance
between the two Japanese formulae, in particular with all
the points calculated using the F, formula being closer to
45° line than those predicted by the N, formula. It was
found that a few data points consistently had larger
deviations deviating from the 45° line no matter which
formula was tested. This may well be caused by the
unlevelness of some of the dyed samples. The visual
results showed large variations for these samples.
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Figure 2 Data of Nakamura ef al. plotted on CIELAB a*5" diagram

100
- ga
904%@._%&%
v 0 - |
o w %% . ©
o
80 | o ©
o
70 |-
o
60 |
50 I | ! !
0 10 20 30 a0 50
c

Figure 3 Data of Nakamura et ai. plotted on CIELAB L"C* diagram; for
key see Figure 2
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Figure 4 Visual results plotted against the predictions by the five staining formulae investigated

Table 3 Summary performance of staining formulae using
data of Nakamura et al.

CIELAB SSR(UK) SSR(ISO) N, E,

f 0.82 0.84 0.85 0.89 0.89
rms  0.54 0.33 0.36 0.35 0.29

CONSTANT GRADE CONTOURS

In this section, constant grade contours were calculated to
show the features of a particular staining formula in the
different areas of colour space. Each contour represents
the same degree of staining between the samples located
on the contour against the untreated fabric. These
contours are plotted in CIELAB L*C* (with constant hue
angle) and a*b* (with constant L*) planes. The untreated
cotton fabric used in Nakamura’s experiment is adopted
here with L* = 93.15,4* = -0.10and b* = 1.79.

Comparison with constant grade contours
Figure 5 shows the constant grade contours for the five
formulae plotted on the CIELAB L*C* plane with constant
hue angles of 90° and 270° (complementary hue angles).
Four contours (SSR = 4, 3, 2 and 1) are plotted for each
staining formula. The contours for other hue angle planes
were also plotted and their patterns were similar to those
in Figure 5.

The most important point is that the contours for the
various formulae themselves are also different, showing
that the formulae are quite different. (The calculations

leading to the contours are quite independent of any
experimental results.) Thus differences between the
formulae must be more significant than was apparent
from the results given in the previous section.

The shapes of the contours for the CIELAB and
SSR(UK) formulae are circles. For the other staining
formulae, the distance from the untreated fabric to a point
in the contour is shorter in the vertical direction (mainly
lightness difference), and longer in the horizontal
direction {chroma difference). This implies that these
formulae predict a much tighter tolerance for lightness as
opposed to the chroma differences. However, the shapes
of the contours between the SSR(ISO), N, and F, formulae
differ notably from each other. There is almost a straight
line for N, and slightly and strongly curved contours for
F; and SSR(ISO), respectively. The distance from the
untreated fabric to a point in the contour will be generally
referred to as ‘contour size” hereafter.

Considering the contour size between different
formulae, those from the CIELAB and SSR(UK) formulae
are the smallest and the largest, respectively. These indicate
that the CIELAB and SSR(UK) formulae give the tightest
and the loosest tolerance respectively amongst all formulae.

Figure 6 shows the constant grade contours (SSR = 4,
3.5 and 3} from five formulae plotted on the CIELAB a*b*
plane with L* = 90. The contours from the CIELAB,
SSR(UK) and SSR(ISQ) formulae are shown as circles, that
is, there is no hue dependency, but those from the N; and
F, formulae are hue dependent. The contours calculated
from the N, formula show an open irregular shape. This is
caused by the colour gamut of the Munsell space and the
conversion between the CIELAB and Munsell systems.
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Figure 5 Constant grade contours of five staining formulae plotted on CIELAB L*G* plane with constant hue angles at 80° and 270°
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Figure 6 Constant grade contours of five staining formulae plotted on CIELAB a*b* plane with constant L* of 90

The F, formula shows a much tighter tolerance in the blue-
greer, blue and purple areas than in other areas.
Considering the contour sizes, the CIELAB formula
gives the smallest, followed by the SSR(UK) and SSR(ISO)
formulae, with N and F; formulae giving the largest.
Figure 6 also shows that the contour size for SSR = 4 from
the SSR(ISO) formula is larger than those of the CIELAB,
SSR(UK) and F, formulae. The contour size for SSR = 4 for
the F, formula was the smallest among all formulae, but
the contour for SSR = 3 for the F, formula was larger than
those from the CIELAB, SSR(UK) and SSR(ISO) formulae.
This indicates that the F, formula predicts relatively tighter
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tolerances for slightly stained samples, but relatively
looser tolerances for more deeply stained samples.

CONCLUSION
This paper describes different instrumental methods for
assessing staining, First, a set of experimental results was
used to test the performance of various staining formulae.
All formulae tested using the data of Nakamura et al. gave
quite similar performance and outperformed CIELAB.
The F, formula performed marginally the best.

Secondly, constant grade contours for each formula
were also calculated. When comparing these contours on



CIELAB L*C* plane, those from SSR(ISO), N; and F;
formulae show a quite different pattern from those from
the CIELAB and SSR(UK) formulae. The contours from
the latter two formulae are circles. However, the contours
computed for the SSR(ISO) formula had symmetrical W-
shapes (Figure 5), the constant grade contours of the N,
formula were almost straight lines with a fixed slope,
while those for the F, formula were curves.

Comparing the constant grade contours in CIELAB
a*b* plane, those calculated from the CIELAB, SSR(UK)
and SSR(ISO) formulae were circles (i.e. hue inde-
pendent). However, the F; formula shows a tighter
tolerance in the blue-green, blue and purple areas than in
other areas.
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