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A comparison of various colour-difference formutae, including CMC{2:1) and CIE®4, is presented. It is
suggested that there is scope for simplifying the CMC formula for practical use. However, until such a
simplification can offer a clear advantage over established procedures, there would be little point in
adopting it, particularly when inexpensive computers are readily available.

INTRODUCTION

In this study, colorimetric data and associated visual
acceptability assessments of a very large number of batches
of textile threads have been collected and analysed. All the
visual assessments were made by the factory colour
matchers. The agreement between these visual assessments
and calculated differences from standard using the
following sets of formulae have been compared as follows:
(a) The Society’s CMC(2:1) formulae

(b) The formulae of the CIE draft, referred to as CIE94

(c) Some simplifications of CMC (determined in 1991).

THEORY
The CMC formulae are well documented.
The CIE%4 formula is essentially CIELAB with:
SL = 1
Sc=1+0.045C
Sy=1+0015C

These amendments were used with the lightness
parameter setatk; = 1and also k; = 2.
My own attempts at simplifying CMC led, in the
simplest form, to:
S.=1+02L
5¢=08+003C
S5y =04+ 0.015C

and k; = 2. (Tt will be seen that these formulae are similar in
form to CIE94.)
An alternative more complicated model, varying the Sy
value cyclically with hue angle H, uses:
Sp=1+0.02L
S5¢=08+0.03C
Sp = (0.8 + 0.03C)(0.65 - 0.08cosH — 0.04sinH)

and k; = 2. These latter two sets of formulae are referred to
below as SO1 and SO2.

DISCUSSION

The data were from lots of coloured thread produced in
1994. Colorimetric measurements together with the visual
assessments of these lots (which are either ‘pass’ or ‘fail off-
shade’) were analysed. Excluded from the data were lots of
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black, white and other ‘non-colours’. Also excluded were
lots with missing colour measurements, missing
assessments and also batches which were failed for reasons
other than ‘off-shade’, e.g. failed for fastness, levelness or
physical reasons. This resulted in data to be analysed of
16321 batches of over 2800 shades. Of these, 14 308 were
visually passed and 2013 were failed. Colour differences
were calculated from standard using the formulae above
for pass and fail lots separately.

There are many possible ways of comparing the
effectiveness of the formulae and three have been used
here. These are:

(a) A comparison of the least number of wrong decisions
{(b) A comparison of the ‘best’ discrimination
(c) A comparison of the maximum chi-squared (y2) value.

These comparisons are defined in the Appendix. The
results of the analysis are given in Table 1, which shows that
for all measures CMC(2:1) gave the best agreement
between the visual assessments and that based on the
calculated colour difference.

When k; = 2 and k¢ = ky = 1, CIE94 was significantly
and substantially poorer than CMC(2:1), although it was
considerably better than CIE94 when k; = ko = ky = 1,
confirming the value of using k; = 2 for textile work of this
sort™.

The results given for SO1 and SOZ2 show that both these
formulae perform better than CIE94, with the more
complicated SO2 approaching but not equalling the power
of CMC(2:1). The results confirmed my earlier conclusions
when SO1 and SO2 were first developed: that simpli-
fications can be made to CMC(2:1) that approach close to it
in discrimination. However, until an improvement over
CMC(2:1) is found, I consider that there would be no point
in changing to simpler formulae, particularly in these days
of readily available computers.

No attempt has been made to ‘optimise’ any of the above
formulae because 1 consider it is important to separate the
tasks of developing formulae and comparing their
effectiveness.

* See previous paper by McDonald and Smith for explanation of k
values.



Table 1 Analysis of results using various colour-difference
formulae

Min. wrong

decisions Max. discrimination  Max. x?
Formula No. atAE (%) atAE No. atAE
CMC(2:1) 1063 240 77.3 1.80 7541 220
ClE942 1181 210 73.2 1.50 6691 1.85
CIE94b 1471 3.40 61.9 2.05 4332 310
SO1(2:1) 1155 295 75.1 2.10 6939 275
S02(2:1) 1099 255 76.4 1.95 7350 240
a k=2 kp=ky=1
b k = ke=hy=1

Table 2 Summary of samples passed and failed®

Formula Formula

passed failed Total
Visual passed P Py P
Visual failed F, F. F
Total P.+F P, +F, N

a For key see text

APPENDIX

Methods of comparing agreement between visual pass/fail
assessments and calculated colour difference

Let N = number of lots, of which P = number of lots
visually passed and F = number of lots visually failed.
Obviousty N =P +F.

At any given total colour difference AE from standard, let
P, = number of visually passed lots with a colour difference
smaller than AE, P, = number of visually passed lots with a
colour difference equal or greater than AE, F, = number of
failed lots with a colour difference smaller than AEand F =
failed lots with a colour difference equal or larger than AE.
At this colour difference the results can be displayed in
Table 2.

If the value AE was used as the limit for passing using the
formula, then P, lots would be agree with the visual pass
assessments and F, lots would agree with the visual
assessed fail assessments.

The wrong decisions are P, and F,, i.e. the formula is
giving a different assessment to the visual assessment. Thus
P, + F, can be calculated at various values of AE and the
minimum found to give one measure of the agreement
between visual and calculated pass/fail assessment. (The
sum can also be expressed as the percentage of the total
number of assessments.)

The second measure considered uses discrimination
defined by Eqn I:

=W1(pc—Px)+WZ(Fc_Fx)
N

D

@

where W, and W, are weighting factors defined as

W, N and W, _N
2P 2F

Tt can be shown that this definition of discrimination will lie
between -1 and +1. The discrimination is +1 when there is
perfect agreement between the visual and the calculated
assessments. This will occur when P, = 0 and F, = 0.
Discrimination is zero {no association between the two
measures) when the proportion of lots passed is the same
for both the visually passed and the visually failed lots, i.e.
P./P = E,/F = k. If all lots are passed using the formula,
then k = 1and I? = 0. Similarly, if all lots are failed using the
formula, thenk =0and D = (.

The higher the value of D the better the agreement
between the visual and calculated assessments; multiplying
D by 100 converts this to a percentage discrimination.
Determining the highest value of this percentage
discrimination for various values of AE gives the second
measure as the ‘maximum percentage discrimination’. This
is my preferred measure of the effectiveness of the
formulae.

The third measure of discrimination is 3%, defined by Eqn
2

2 N(PCFC“PXFX)Z
PF(P,+F, XP +F.) 2

This value is used in statistical analysis to determine the
significance of the differences of the tabulated figures from
those expected, assuming no association between the visual
and formula assessment of pass/fail.

Table 3 illustrates the calculations. The results refer to the
calculated colour difference using CMC(2:1) with a pass
limit of AE = 18, i.e. the values found at the maximum
value of discrimination D. At AE = 1.8, of the 16 321
decisions there is disagreement between visual and
calculated difference in 1647 + 225 = 1872 assessments,
representing 11.5% of assessments.

Table 3 Numbers of samples passes and failed

Formula Formuia

passed failed Total
Visual passed 12661 1647 14308
Visual failed 225 1788 2013
Total 12886 3435 16321

The discrimination at this value of AE is given by Eqn 3:

[ W1(12661-1647) + W, (1788 -225)

)
16321

where W; = 0.570 and W, = 4.054; hence D = 0.773.

Thus the percentage discrimination is 77.3%.
The value of §? for the Table 3 is 6348.
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