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A graphical technique for the examination of colour dif-
ferences from standard in |, C, H cofour space and the
setting of pass/fail limits corresponding to visual judgements
provided a realistic, readily understood way of quan tifying
visual practice, separating passes from fails, and specifying
trends in visual judgements.

INTRODUCTION

When Hatra introduced instrumental pass/fail control, it
used the components L, 4, and 8 and separated passes from
fails in terms of AL, A4, and AB, and the derived para-
meters ACh and 0. Later attention focussed on L, C H
AL, AC and AH components discriminate immediately bet-
ween mainly saturation and mainly hue {off-tone) differences.

Hatra have provided descriptions [1] of the essential
differences and a very limited comparison [1] suggested that
the actual setting of limits might be at least marginaliy easier
and quicker in terms of AL, AC, AM. Confirmation of the
ease of limit-setting using the particular technigue was ob-
tained in a dyehouse trial described here.

RECORD/LIMIT-SETTING CHARTS

After considerable discussions with dyers and quality-
controllers, it was decided to explore the use of two graphs,

each with two axes to represent colour differences in AL,
AC, AH colour-difference space. The co-ordinates selected
for the first graph were A£ (the total colour difference)
and = AL (the lightness difference). The second graph used
* AH {the hue difference} and * AC (the chroma difference).
The actual charts were A4 size. Their appearance is illus-
trated on a much reduced scale in Figure 1 and discussed
later in the paper.

Results were plotted as they became available, x = visual
fail, o = visual pass. When about five dyelots had been pro-
cessed, the first, provisional limit was set. Two techniques
for limit-setting weresexplored, viz.

1. using as few parameters as possible, selected from those
available {AE, AL, AC, AH), and
2. in every case, using the same set of parameters (AL,

AC, AH).

Technigue 1 reduces the number of comparisons which
need to be made when actually using limits, but requires
that care be taken to read the numerical values of the para-
meter{s) appropriate far the particular limit. With the second
technique, three comparisons must be made in every case,
but it is always the same three differences which are used.

EXPERIMENTAL TRIALS

The equipment consisted of:

a Harrison—Shirley Digital Colorimeter,

a Wang 700 Imerface and Calculator, and

a IBM/Wang 701 Qutput Writer

The equipment was installed in a room with relatively
high humidity and liable to low temperatures overnight;
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Figure 1 — Record/limit-setting chart and limits/cafe au lait

consequently, it had to be left for some tittle time each
morning, particularly on Mondays, until the room had
warmed up and traces of moisture had evaporated.

The program used calculated L, C, H° and AE, AL, AC,
and AH using the CIELAB 76 formula.

Standard Patterns

The aim in this trial was to use customers’ standard patterns.
The firm found it difficuit to obtain standard patterns of
adequate size from some of their customers; however, by
the end of the trial, standards for 56 shades, of which 43
were available at or near the beginning of the trial, had been
accumulated. Two areas on each of these 43 standards were
compared and one of them was used during the course of the
trial.

Pass/Fail Colour Measurement

During the trial, 233 colourdifference measurements were
recorded, namely 28 visual fails and 205 visual passes. The
work of four customers was involved, on three substrates,
nylon, polyester, and wool. These figures should not be
taken to represent the total number of pass and fail shows,
that is the total number of samples shown to the shade
passer for assessment of colour. Some fail shows were not
measured. Because of the small number of some shades
during the period of the trial, the number of pass shows was
supplemented by obtaining cuttings of previously dyed and
passed lots from customers of the firm.

The firm decided, after considering the contents of the
Hatra Instruction Manual [2], that they preferred to have
consistency in the format of {imits rather than the simplest
possible limit for each dyeing considered. Consequently, all
limits set used the three parameters AL, AC, and AH, rather
than AE, or AE and AL, in cases where this was feasible.
The procedure adopted, and followed consistently, was to
prepare a graph for the colour when four or five colour dif-
ferences had been obtained and piot these results (AL
against AE, and AC against AH). Additional resulis were
plotted as they became available. Provisional limits were
set and adjusted, if and when further data indicated the
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need for revision. These limits were not used alone, but along
with visual judgement to pass or fail shows from the dye-
house from a further 32 dyelots spread over five colours.

RESULTS

Initial Measurements on Standards

Statistical evaluation (Table 1) of colour differences between
two different areas on each standard pattern showed that’
the median difference between the pairs of areas measured
on each standard pattern was 0.5 AE units; four of the 43
standards showed AE values of 1.0 or greater between the
different areas measured. The occurrence of a small number
of large differences indicates the care which must be taken
when organizing a supply of standards, to ensure consistent
instrumental measurement and consistency between dyer
and customer.

Colour-difference Measurements

Experience of graph-plotting and limit-setting, using the
techniques described in the Instruction Manual [2], showed
that the process was simple and rapid, where sufficient useful
data was available. Figure 1 illustrates the technique for one
of the shades, cafe au lait. The broken lines were drawn first
through boundary passes; the solid lines show the slightly
wider limits adopted. Limits were regarded as provisional;
very few fail shows were available. Limits for five dyeings
are shown in Table 2.

These limits are too few and in each case based on an
insufficient number of measurements to allow generaliza-
tions to be made for other shades.

No conflicts between visually-based opinions and the
words used to describe instrumentally-measured colour dif-
ferences were reported.

CONCLUSIONS
Based on the results described here and comments by the

firm's staff, it is concluded that the AL, AC, AH system of
specifying colour differences is satisfactory and useful to the



TABLE 1
Variations in A£ Values within Standards
Mean AE

No. of standards 1 7 8 4 6 6 3 3 1
Mode AE 0.3

Median AEF 0.5
Mean AE 0.5
TABLE 2

Provisional Pass Limits for Five Dyeings

No. of PASS if and

Fails Passes Shade AL AC

4 6 Pale Green -18 to 0.8 —15 to 06
2 19 Creme —29 to 28 —-18 to 14
0 14 Jade —-16 to 1.8 —0.2 to 2.3
2 5 Cornflower —0.8 to 0.9 —0.2 to 24
2 7 Cafeaulait —-14 to 04 —-04 to 1.4

dyer. It provides a readily understandable means of quan-
tifying visual pass/fail practice and enables instrumental
fimits to be set which correspond to visual practice. It indi-
cates trends away from standard, and aids consideration of
their desirability. The technique may be transferred to com-
puter storage and video display of data.

Mr SM Jaeckel and Mr JT Morrow both contributed to
aspects of this work.
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DISCUSSICN

Mr | Gailey — {J & P Coats Ltd, Paisley, Renfrewshire):

How many samples were required for each shade to estab-
lish pass/fail limits?

Mr Ward:

Limits were first set after shows from about five dyelots
has been measured and plotted. As and when shows from
further dyelots became available, the corresponding colour
measurements were plotted and limits adjusted if necessary.
The limits were considered to be reasonably firm after results
from ten to fifteen dyelots became available.,

Mr 5 M Jaeckel — (Trent Polytechnic, Nottingham).:

A comment on the utility of provisional limits: if a box,
eg. in AC, AH is drawn when there are relatively obvious
pass/fails near upper and lower but not near left and right
sides, there is in fact very little danger of passing instrumen-
tally within such a box, samples that would be failed con-
sistently visually. That danger only exists if the ‘‘true”
limits has two concave sides — that is not the usual
“tolerance ellipse’’, and we have never experienced it.
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