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The Colour Measurement and Recipe Formulation Centre
was opened some years ago to help dyehouses in the
Hungarian textile industry. The work of the Centre and
research conducted at various other institutions are
discussed in this article. The main topics of research
include linear approximations in colour calculations,
statistical treatment of colour measurement data, the
repeatability of textile dyeing, comparison of different
methods for expressing the dyeing strength of dyestuffs,
application of instrumental measurement in fastness
evaluation, comparison of colour-difference formulae in
establishing tolerances and in colour sarting, and the
effect of mercerisation on the colour of dyed cotton.

INTRODUCTION
The first experiments in up-to-date colour measurement in
the Hungarian textile industry were conducted 15 years
ago, when the application of ICi's Instrumental Match Pre-
diction (IMP} system was tried in the wool industry. Although
the results were promising, lack of suitable instrumentation
hindered its application in the factories. A few years later
these experiments were repeated in the man-made fibres
sector, and again very good results were achieved in the
laboratory, but there was hardly any follow-up in industry.
At this time (in the late 1960s) a Hungarian-made tri-
stimulus colorimeter was marketed by the Hungarian Opti-
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cal Works (MOM), called Momcoior. In theory this should
have given impetus to the industrial application of colour
measurement techniques, but for several years only a few
textile mills were interested.

In the early 1970s it became evident that some form of
coordinated help was needed to overcome the difficuities
characteristic of the introduction of any new technique into
the traditionally conservative textile industry. The then
Ministry for Light Industry commissioned R & D work in
this field from 1974 to 1980 at two organisations: the Textile
Research Institute, Budapest, and the Anilin Dyestuffs and
Chemicals Sales Co., Budapest. The former is a research
institution, while the latter is responsible for marketing
practicaily all dyes and chemicals used by the Hungarian
textile industry. In 1974 these two organisations started a
project aimed at the introduction of colour measurement
technigues, including computerised colorant formulation
in selected textile mills, and eventually at setting up a col-
our measurement centre serving the whole textile industry.

APPLICATION

First Steps

For the past two decades computerised colorant formula-
tion {(match prediction) has been the most—one is tempted
to say the only — unambiguous practical application of
instrumental colour measurement. It was only natural
therefore for this to be the first step taken in the introduc-
tion of the technigue.

The very first decision was that of selecting a suitable
spectrophotometer/computer system. In the mid-1970s
there were two systems available in Europe that could be
regarded as up to date: that of Datacolor and the Zeiss
RFC 3 {the Kollmorgen KCS-18 had the drawback for us of
being American, and Pretema’s ‘new’ system, the FS-4, had
not been marketed then). After carefully comparing the two
most promising candidates regarding both colour meas-
urement and match prediction performance[1], the
Datacolor 7300/7400 system was selected, primarily on the
grounds of its much shorter measurement time and more
advanced recipe formulation software.

The system was instalied in the Textile Research Institute
in 1976, and for two years the main task of the newly formed
colour measurement team was that of convincing textile



mills of the viability and the technical and economic advan-
tages of the new technique. Hundreds of match predictions
were made for factories in the cotton, flax and man-made
fibres sectors, with vat dyes on cotton yarn, reactive dyes
on cotton fabric (both pad—batch dyeing and printing), acid
dyes on nylon filament fabrics, etc. On average more than
30% savings could be shown with the optimised recipes,
compared with the ones previously used by the factories.
An interesting technical demonstration was organised to
show dyers the advantages to be gained by using the
instrumental method [2]. Three laboratories were asked to
match — by the traditional visual method - ten colourson a
nylon 6 filament fabric dyed with acid dyes, to record the
number of attempts needed to reach an acceptable match,
and to submit the best recipes for each colour for cost
calculation. These results were then compared with those
obtained by the instrumenta! method (see Table 1).

TABLE 1

instrumental vs Visual Colour Matching

Visual

{average of three

Instrumental laboratories) Cost
reduction

Sample 1 2 3 1 2 3 (%)t
Yellow 2 0.4 04 43 49 08 37.2
Red 2 23 05 5.0 24 1.0 40.0
Brown 1 09 06 80 19 15 20.1
Deep purple 1 08 04 7.7 1.2 19 65.3

Light purple 1 04 02 23 1.7 05
Khaki 1 1.1 05 53 19 03 64.8
Light green 1 0.7 04 103 22 09 13.4
Dark green 1 06 0.7 7.3 27 156 12.2
Bottle green 2 06 01 47 15 09 527
Blue 1 0.7 041 57 16 03 20.1
Average 13 08 04 60 22 10 32.6

1 ~ Number of attempts
2 - AF [ANLAB 40) sample vs match
3 ~ Metamerism index

tCost reduction (%) =100 - (‘l 00.

Caost of instrumental matching )

Average cost of visual matching
where ‘cost’ is the total price of dyes needed to dye 100 kg of substrate

Colour Measurement and Recipe Formulation Centre
The increased interest of the dyehouses justified the real-
isation of stage two of the project: the setting up of a colour
measurement centre for the sole purpose of serving the
dyehouses. The opening of the Colour Measurement and
Recipe Formulation Centre {run by Anilin Dyestuffs and
Chemicals Sales Co.) in 1979 has made computer colorant
formulation available to every textile mill in the country.

The Centre works with a Datacolor 7080 spec-
trophotometer linked to a Hewlett Packard Series 1000E
computer with hard disc (2x2.5 Mbyte) and fioppy disk
(2% 0.5 Mbyte} units for mass storage, with VDU, printer,
plotter, tape punch and reader as input/output devices.

In the course of the past four years the primary data of
practically all major dye classes have been fed into the
database of the system (see Table 2). Asthe Centre belongs
to the sole Hungarian agent importing and selling textile
dyes made by every major European manufacturer, all the
competitive products within any one class can be — and
regularly are — evaluated against each other. This has the
additional advantage of being a very strong bargaining tool
in the hands of the foreign trade company, and it has
resulted in price reductions by the manufacturers for many
products, often in the order of 10—-30%.

TABLE 2

Colorant Classes in the Database of the Anilin Colour
Measurement and Recipe Formulation Centre

Colorant class Process Substrate

Reactive Exhaust {cold) Cotton
Exhaust {warm) Cotton
Pad-batch Cotton, viscose
Pad—dry Cotton, viscose

Direct Exhaust Cotton
Pad-steam Viscose

Sulphur Exhaust Cotton

Copper aftertreated Exhaust Cotton

Vat Exhaust Cotton
Pad—steam Cotton

Pigment Printing Cotton

Acid Exhaust Wool, nylon

Metal-complex Exhaust Wool

(1:1 and 1:2)

Reactive Exhaust Wool

Disperse Exhaust Polyester
Thermofix Polyester

Disperse/metal-complex Exhaust Wool/polyester blend

Basic Exhaust Acrylic

The Centre offers a computer match prediction service to
dyehouses at a nominal charge. In most cases they will find
the primary dye data related to their standard dyes, dyeing
method and substrate already in the database of the sys-
tem, but special processes are also easily added to the
range. In the past few years the Centre computed recipes
for several dyehouses on a wide variety of dye/process/
substrate combinations, e.g. vat dyes on cotton yarn, reac-
tive dyes on cotton knitted fabric, jig dyeing of cotton with
direct dyes and disperse dyes on textured polyester fila-
ment fabrics to name just a few. Two of the mostinteresting
jobs for the Centre were the elaboration of customers’
shade cards with optimised recipes, one on textured
polyester yarn the other on wool. In the latter case the
customer asked for a systematic lay out of several hundred
shades; the samples in the Munsell Color File [3] were
measured and their colours matched for this rather unique
shade card.

The Centre can boast annual savings of HUF* 10-15
million (between LJ5$200,000 and 300,000}, corresponding
to a pay-back period of less than six months, and these
results are but a fraction of the real possibilities. Up to the
present only one dyehouse in every four in the country has
become a more or less reguiar customer, and even these
draw on the services of the Centre much less frequently
than could be justified. It is estimated that in the next couple
of years the demand for optimised recipes (i.e. for com-
puterised colorant formulation) will strongly increase,
nearly doubling the annual savings gained by the practical
application of instrumental colour measurement.

EDUCATION

The teaching of colour science for textile chemists in
Hungary started in 1974 at the Polytechnic University of
Budapest, where a 40 h postgraduate course was organ-
ised that tried to cover the basic theory behind colour
measurement. Since 1978-79 the theory and practice of
colour measurement has been part of the curriculum for
students graduating in textile chemistry, and severai theses
at the BSc, MSc and PhD levels have been written on this
topic {see Table 3).

*Forint — Hungarian monetary unit
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TABLE 3

Thesis Work at the Dept of Organic Chemical Technology,
Polytechnic University of Budapest

Level Topic Yeat

BSc Spectrophotometry and colour

measurement of disperse dyes 1974
BSc Colour measurement and colour sorting 1975
MSc, PhD Repeatability of textile dyeing 1979, 1980
BSc Recipe formulation on non-white

substrates 1980
BSc, MSc Colour measurement and recipe

formulation in pigment printing 1981
PhD Mathematical statistics in textile

colorimetry 1982
PhD Colour measurement in fastness

evaluation 1983
RESEARCH

Research work in colour measurement is conducted at the
institutions already mentioned, and also at the Hungarian
Quality Control Institute for the Textile Industry (Teximei).

Although the fields of research are fairly well separated
(e.g. the Textile Research Institute has conducted extensive
research work in the application of colour-difference for-
mulae for pass/fail decisions and for colour sorting, the
Anilin centre has been engaged mainly in research related
to computer colorant formulation, while Teximei has inves-
tigated the possibilities of using instrumental methods in
fastness evaiuation), there is strong cooperation among
these organisations, so research work will be discussed by
topic rather than by institution.

Linear Approximations in Colour Calculations

The repeated calculation of the effect of a change in dye
concentration on the colour of dyed textiles is rather tedi-
ous, and it is often advantageous to use some simpler
formulae. It has been shown [4] that there is indeed a sim-
ple linear approximation, whereby standard equations can
be replaced by a single matrix multiplication (see Eqns 1
and 2). The method was tested for a fairly large range of
surface colours up to the chroma limits of the Munsell Color
File at various lightness levels for the five major hues. Itwas
found that the approximation caused a deviation only in the
second decimalinthe AL* Aa* Ab*and AE*,, values up to
a concentration difference of 10% in any of the dyes inves-
tigated. Even with a concentration difference of 20% the
deviation of the approximated values vs the correct ones
(i.e. those calculated by the original equations) was always
less than 0.3 units. It was therefore concluded that linear
approximations couid safely be used with concentration
differences of at least 10%, without losing the accuracy of
the computation.

] T aL* * AL+ ~ ]
AL™ oL e L Ac,
de, 9c, ac;
Ac,
da* odat da*
Ag* | = - e x (1)
de, dc, ac;
ab* ab* *®
Ah* e 96 Ac;
L | dc, dc, de,; | | i
AE 3, =[(AL *)* +{Aa *}2 + {Ab *}?): (2}

278 JSDC Volume 101 September 1985%

Statistical Treatment of Colour Measurement Data

In order to establish some rules governing the repeatability
of textile dyeing, basic information was needed on the
statistical behaviour of colorimetric quantities. The rel-
evant literature does not answer all the questions arising
here, and it is not entirely free of contradictions either.

The basic question is: what are the wvariances,
covariances and types of distribution for repeated meas-
urements of the spectral reflectance values and those of the
derived quantities such as the X, Y and Z tristimulus values
andthe l* a*and b * CIELAB values for any one sample, or
the AL*, Aa*, Ab* AC*,,, AH*,, and AE*,, values for sample
pairs.

These problems were tackled theoretically and experi-
mentally as part of PhD projects [5,6]. Ten of the BCRA/NPL
tiles and four dyed textile samples were measured, each 90
to 100 times, both on a Datacolor spectrophotometer and
on a Momcolor tristimulus colorimeter, and the basic statis-
tical characteristics of the repeated measurements were
determined. In all cases the spectral reflectance values
showed a nearly normal distribution (Figure 1}, with var-
iances always higher in those parts of the spectrum where
the reflectance curve rises more steeply (Figure 2}.

|~
/ h
g N Normal curve
s // < °
A T~
-4 -2 0 2 4

Intervals

Figure 1 — Histogram representing the distribution of 100
reflectance readings at the absorption maximum for
BCRA/NPL tile 6 (yellow]

Average reflectance ———»

1 ] 1
400 500 600 700

Wavelength, nm

Figure 2 — Average reflectance and standard deviation
ferror bars) for 100 repeated measurements on BCRA/NPL
tile 6 (yellow)

Covariances of reflectance values measured at 20 nm
intervals were computed. In some casesthe ¢{X, u) correla-
tion coefficients seemed to follow more or less the pattern
of the reflectance curve itseif, with the exception of the
reference wavelength w, where — by definition — &(A, u)
takes the value of 1.0. In some other cases, however, the
correlation coefficient simply decreased as the comparison



TABLE 4

Tristimulus Values, Standard Deviations {8} and Correlation Coefficient (r) for Two BCRA/NPL Tiles and Four Textile

Samples
Sample Instrument X Y 2 Sx Sy Sz Ixy I'xz ryz
Tile 8 {yeliow) Spectrophotometer 56.90 61.74 14.19 0.083 0.129 0.068 0.988 0.991 0.994
Tristimuius 56.83 61.40 14.65 0.006 0.093 0.084 0.410 0.019 0.351
Tile 7 {dark green) Spectrophotometer 4.63 6.52 3.07 0.011 0.014 0.017 0.946 0.930 0.947
Tristimulus 5.47 7.02 3.29 0.089 0.047 0.029 0.940 0.790 0.845
Fabric 11 {red) Spectrophotometer 19.78 10.84 3.49 0.788 0.433 0.150 0.997 0.907 0.931
Tristimulius 22.16 12.06 4.24 0.468 0.184 0.095 0.650 0.511 0.878
Fabric 12 (brown) Spectrophotometer 2.62 2.47 2.42 0.087 0.083 0.082 0.999 0.984 0.985
Tristimuius 3.63 2.96 2.69 0.103 0.049 0.043 0.730 0.421 0.849
Fabric 13 (navy) Spectrophotometer 2.40 2.27 4.41 0.060 0.058 0.108 0.997 0.985 0.981
Tristimulus 3.34 2.47 4.72 0.125 0.045 0.076 0.358 0.205 0.931
Fabric 14 {dark biue) Spectrophotometer 2.88 2.55 6.82 0.053 0.048 0.123 0.984 0.929 0.853
Tristimuius 3.63 2.87 6.76 0.116 0.064 0.151 0.669 0.404 0.857

wavelength moved away from the reference wavelength.
Neither type of behaviour can be explained easily. It is very
probably closely related to the type of spectrophotometer
the measurements are made on.

The work is therefore ptanned to be continued by meas-
urements on other instruments, e.g. a HunterLab D54P
spectrophotometer using a rotating circular interference
filter as opposed to the rectanguiar filter wedge and step
motor used in the Datacolor. The ICS Micromatch instru-
ment with pulsed xenon source and 16 detectors will also
be used, and it is expected that this will give a completely
different pattern for the ¢(A, u} vs A function.

The distribution of the X, ¥ and Z tristimulus values was
found to be normal {or nearly normal} in most cases, both
by spectrophotometric and tristimulus measurement. The
variances were also very much alike, sometimes one, in
other cases the other, instrument giving somewhat higher
values (Table 4). For the correlation of the tristimulus
values the results were as expected; there was a very high
correlation between tristimulus values calculated from the
reflectance values measured on the spectrophotometer,
while those determined by measurement on a tristimulus
instrument gave much lower values {Table 4).

For textile samples the distribution of tristimulus values
gave a very good fit to the normal curve, but here, as can be
seen in Table 4, the variance (or the standard deviation)
was higher than for the tiles, due to irregularities in colour
of the dyed surface.

Repeatability of Textile Dyeing

The colour difference between two lots dyed under identi-
cal conditions is of utmost interest to the dyer. It depends
on a number of factors, such as the dyeing machine (the
accuracy of process control being the most important
characteristic in this respect), the dyeing process itself, the
uniformity of the substrate, and of course the dye combina-
tion used to match the given colour.

Metameric recipes, i.e. different dye combinations giving
the same colour for particular light source/cbserver condi-
tions, differ in their sensitivity to random errors in dyeing,
and this has been the topic of many publications. In a
detailed study [7.8] the various methods for calculating or
expressing this sensitivity were compared, and a new 'ro-
bustness index’ was suggested. This index, the root mean
square (r.m.s) of medified colour differences is calculated
simply by Egn 3:

dE(m) {r.m.s.}=[{dL"*+{dC')*+ (dH’)?]12 (3)

where dL’, dC’' and dH’ are the mean values of the light-
ness, chroma and hue differences respectively between the
subsequent dyeings and the average of the lot. The differ-
ences can be expressed in CIELAB units, in which case
dil’=AL* dC'=AC*,, and dH’ =AH*,,, or by using any of
the current modified colour-difference formulae, such as
JPC 79, M & S B0 or CMC (/:c).

The advantages of the r.m.s. of dE(m) as a robustness
index over those previously suggested in the literature are
the following:

{a} It has an unambiguous statistical meaning

{b) It can take practical tolerance limits into consideration

{c} It lends itself to easy and fast computation, and can
therefore easily be incorporated into any recipe match
prediction program.

This index can thus be used both for comparing various
recipes and rank them according to their sensitivities to
random errors, and for expressing the spread (standard
deviation) of repeated dyeings.

Dyeing Strength of Dyes

Dyeing strength is one of the mast important properties of
dyes for the practicai dyer, for this is the basis on which he
can compare and rank competitive products. Determina-
tion of dyeing strength is, however, only unambiguous for
chemically —and thus spectrally — identical dyes. [fthere are
differences in the chemical structure of two dyes, the rela-
tive dyeing strength will depend on the concentration of
dye appiied.

The question is much debated in the literature, but there
is no simple solution. Manufacturers of computer match
prediction systems recommend various formulae, one of
them delivers the program with five different formulae,
leading of course to five different resuits.

A research programme has been started at the Anilin
Colour Measurement and Match Prediction Centre to com-
pare the performance of the different formulae suggested
in the literature, and to choose the one giving the most
reliable results for the comparison of chemically different
dyes. Using the Centre’s database, more than 100 dyes will
be included in the work of comparing the following
methods for expressing the dyeing strength:

{(a) K/S in the absorption maximum
(b) K/S average

{c) K/S weighted average

{d) Three-point integration

(e} Tristimulus values
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(fl Complementary tristimulus values
(g) AEr‘nin or AE(r'n)min

(h) Least squares (best fit of curves)
{i) Depth of dyeing.

Preliminary experiments show that, for chemically iden-
tical or nearly identical dyes, practically any of the formulae
can be used. However, for dyes of different chemical con-
stitution comparison at the minimum colour difference
(AE in OF AE(M)nin) gives the best result.

instrumental Colour Measurement in Fastness Evaluation
In a series of experiments [9], involving 150 dyed textile
samples judged by ten experienced observers, a possibility
was sought for expressing fastness to light in terms of a
suitably modified colour-difference formula.

As a first step the reliability of the traditional visual
method was determined, and it was found that the ratio of
wrong decisions (average for the ten observers) was
around 20%, with a worst case of 39% if the criterion was a
deviation of £0.5 unit of fastness rating from the mean
judgement of the panel. If =1.0 unit deviation was con-
sidered acceptable then the ratio of wrong decisions was as
low as 4%, with a worst case of 17%.

The colour differences between the original and faded
samples for the 150 colours were then calculated in CIELAB
terms and also with McDonald’s formulae types C and
D [10] and JPC 79 [11], hereafter referred to as AE *j5(Ch
AF*up(D)  and  AE*pc;9 respectively, Mclaren's
AE* . [12] formula, and a modified CIELAB formula of the
type shown in Eqn 4:

ALN?  ACT )\ fAH* N\ E
* = + (=X ab ab
AEHm) KAL,) (Ac,) +(AH,) } w

with three different sets of constants (Table 5).

TABLE 5

Constants Used for Eqn 4

AE*(m), AE*(m), AEX(m),
AL, 2.0 3.0 2.0
AC, 1.0 15 15
AH, 0.5 05 1.0

TABLE 6

Ratio of Wrong Decisions and Correlation with Visual
Judgement for Instrumental Determination of Light Fast-
ness

Wrong decisions {%)

Colour Correlation
difference +0.5 level +1.0 level coefficient
AL* 55 35 0.19
AC* 65 42 0.18

b 47 19 0.70
AE*,, 50 19 0.66
AE *peplC) 44 17 0.66
AL *ppiD) 52 19 0.65
AE* jpe 79 48 24 0.57
AE* s 43 12 0.68
AE *(mi), 45 18 0.65
AE*m), 48 21 0.65
AE*(m), 48 20 0.65

The ratio of wrong decisions (i.e. those not conforming to
the panel judgement) was calcutated at the +0.5 and 1.0
unit levels, and the correlation between visual and instru-
mental judgement determined (see Table 6). It was con-
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cluded that none of the formulae gave acceptable results,
since the ratio of wrong decisions was in all cases higher at
both levels than that of the average visual judgement.
Further modification of these formulae, e.g. the optimisa-
tion of the constants in the AE ™y, or AE*(m) formulae,
might bring some improvement for the given sample set,
but a general solution still seems to be rather distant.

Methods of Establishing Tolerance Limits

This has, of course, been the most complicated, most in-
triguing and least rewarding research topic since the in-
vention of instrumental colour measurement. The colour
measurement team of the then Textile Research Institute,
Budapest {(now called Innovatext R&D Co.) made a
detailed survey [ 13] of the various methods reported in the
literature for establishing tolerance limits. All methods fit-
ted into one of the four basic models illustrated in Figure 3.

(a) aLr (b)

‘ Ac‘ab
AH'ab
AL(
{c) AL® {d)
1
| 1AL, | :
1 | t
+ T T
1 |
R Rk |
R R [
’ '/ AC*;p /r'—lr'"—]
1
/‘,+Ac, ’,’ Jomnl
fognd 59 I Pkt
s ‘ AC*
Vs , / ab
Sk -
i -
a

(a) Tolerance sphere
AE*, =[(AL *P+{AC ", )2+ (AH ™, F]
Acceptability criterion: AE*,,<AE,

{b) Tolerance ellipsoid
AE(m)=[{AL */AL )+ (AC*,,/ AC Y+ (AH ",/ AH |}
Acceptability criterion: AE(m)<AE,

(c) Rectangular tolerance box:
Acceptability criterion:
AL*<|£AL, | and AC*,,=< | =AC, | and
AH* =< | £AH,|

{d) Asymmetrical rectangular tolerance box
Acceptability criterion:
—Al =AL*=s+Al, and
-AC,<AC*,,<+AC, and
—AH,<AH*,,<+AH,

Figure 3 — Basic models of establishing tolerance limits



TABLE 7

Wrong Decisions in Pass/Fail Judgements with Various Tolerance Models for Different Sample Sets [13]

Wrong decisions (%) in each model

Ellipsoid
Average McDonald formulae [11]
visual Sphere Fitted Box  Asymmetrical
Sample setst observer AE*,, AE*plC) AE*pen(D) AE* e 79 [10] [18] box [13]
Fenyvesi—Kiss—Koénya[ 13] 23.3 238 231 225 21.8 2.0
(a3, b147, c10-15)
Davidson—Friede [14] 17.1 20.6 11.8 1.1 115 9.1 14.3 0.7
(a19, b287, ¢8)
Robinson [15] 3.2 0.0
(a1, b31, c132)
AATCC [16] 1.1 12.5 13.1 13.1 1.1
{a10, b189, c18)
Kuehni [17] 11.2 9.5 7.8 7.3 2.8
(a6, b179, c26)
J & P Coats [10] 13.2 214 9.6 8.4 9.7 3.4
(a55, b64Q, c8)
J & P Coats {11] (7.8) 22.7 16.2 16.3 13.6 (2.7}

(a599, b8454, c1)

ta — No. of colours
b — No. of sample pairs
¢ — No. of cbservers

The ratio of wrong decisions for various data sets by differ-
ent methods published were calculated and compared with
the results achieved by the ‘asymmetrical rectanguiar box
method’ developed by the Textile Research Institute
team [14].

It was found that the asymmetrical rectangular box
method gave by far the best results for all data sets {see
Table 7). The disadvantages of this method (a full set of
samples is needed around every single standard for the
determination of the limits, and the tolerance limits need to
be determined for every colour separately} limit its applica-
tion to those cases in which a very low ratio of wrong
decisions is permitted for a limited number of colours.

Effect of Mercerisation on the Colour of Dyed Cotton
Colour measurement was successfully applied asatoolina
study of the dyeability of mercerised cotton fabrics [19].
180 sample pairs of cotton fabric (in each case one sample
bleached and mercerised and one sample bleached only)
were dyed with 60 direct dyes in three concentrations each,
and spectral reflectance values, K/S values and CIELAB
coordinates were measured on a Datacolor spec-
trophotometer. It was found that the AE*,, colour differ-
ence between mercerised and unmercerised samples was
in all cases greater than 1.5 units, and for more than 90% of
the pairs it was greater than 3.0 units.

As expected, the mercerised pieces were invariably
deeper in colour than the unmercerised ones when dyed
with the same amount of dye, and on average concentra-
tion differences of 30% were found, when adjusted to equal
depth of shade.

102 sample pairs of cotton yarn {mercerised and unmer-
cerised) from the Indanthren {BAY) shade card were also
measured. It was found that, for samples of the same depth,
on average 29.8% higher dye concentrations were needed
on the unmercerised than on the mercerised substrate,
which conforms extremely well to the figure previously
obtained.

The effect of porosity on apparent depth — expressed as
K/S atthe absorption maximum —was also determined for
some of the dyes. The effect of mercerisation on the total

volume of pores in, and thereby on the internal scattering
of, the cotton fibre was thus quantified. It was calculated
that the greater depth of shade was due partly to higher dye
uptake from the bath (60—77% ofthe dyes tested) and partly
to the decrease of the scattering coefficient of the fibre
(23-40%).

CONCLUSION

Up-to-date methods of colour measurement have been
introduced into the Hungarian textile industry in the past
few years. There are now facilities for practical work as well
as research at four institutions, and dyehouses may avail
themselves of their services.

The reluctance of the practical dyers to use methods so
basically alien to their ancient trade is understandable, but
cannot be accepted. Further efforts are needed to convince
those directly involved of the viability —and indeed in these
hard times of the absolute necessity — of the application of
advanced technology. It is a significant factor that can help,
but will never replace, dyers and colourists in making bet-
ter, faster and more reliable decisions in their everyday
work.
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DISCUSSION SESSION

Dr J H Nobbs (University of Leeds)

I was very interested in your observation that the change in
CIELAB colour coordinates with recipe concentration is
linear with change in recipe concentration. Have you used
this approach to develop a recipe match prediction pro-
gram?

Dr Hirschler

The linear approximation described is valid only for small
changes in the concentration, as emphasised in the paper.
In the initial formulation step it cannot therefore replace the
more complicated formulae used in commercial match
prediction programs. It can however be made part of a
match prediction program to be used for special purposes,
such as the calculation of a ‘robustness index’, where con-
centration differences of around 10% or less are to be
expected. We have successfully tried this approach in
selecting the ‘best’ recipe (i.e. the one showing the smallest
degree of sensitivity to random errors) from among a
number of alternative recipes all being acceptable in terms
of colour difference, prices and degree of metamerism.

Mr N-B Furvik (Swedish Dyers’ Association)
How do you communicate between the dyehouse and the
Colour Measurement Centre?

Dr Hirschier

The physical samples themselves are sent to the Colour
Measurement Centre. No attempt has yet been made to
install a second instrumentin a dyehouse and transmit only
the reflectance data via telex.

Mr S M Jaeckel (Trent Polytechnic)
By using measurements on one instrument only you have
avoided a big bugbear where many instruments are used —
rightly or wrongly called instrument metamerism. If you
can get away with measurements on one instrument only,
you save yourself many problems.

If your trade pass/fail visual errors average 20%, there
are no national differences in wrong decisions. In 1973 at
the York AIC Colour Congress Jaeckel, Ward and Hutchings
reported the same averages for English assessors!

Dr Hirschler
In Hungary, being a small country, there are no great dis-
tances to travel; every dyehouse in the country is less than
200 miles away from the Colour Measurement Centre, and
therefore we could get away with using one instrument
only, One dyehouse has recently considered buying a col-
our measuring instrument, but the form of cooperation
between the dyehouse and the Centre is not quite clearyet.
The rate of wrong decisions seems indeed to be charac-
teristic of the trade itself, irrespective of nationality.

Mr K McLaren (/nstrumental Colour Systems Ltd}

When the probiem of producing a systematic lay-out of
several hundred shades was studied, was the possibility of
doing this by CIELAB L *C* and h coordinates considered?

Dr Hirschler

In the particular case referred to in the paper the problem
was not only that of arranging several hundred samples,
but to compute recipes for a substrate (wool) that would
produce colours in a systematic lay-out. For the recipe
prediction we needed reflectance data rather than CIELAB
values, and the measurement of Munsell sampies seemed
to be the easiest way to achieve that.

Mr K M Lam (University of Bradford)

How do you deal with different substrates of the same
chemical type in your database for different customers
since their affinities can differ widely?

Dr Hirschler

The 'standard’ substrates in the database (Table 2} are typi-
cal ones, fairly representative of their class. Should a cus-
tomer require recipes for a substrate that is significantly
different from the standard, one of two methods can be
used. When only alimited number of recipes are needed for
this substrate the recipes are calculated with the calibration
data on the standard substrate, and either a correction
program or visual correction is applied to bring the labara-
tory dyeings on the non-standard substrate on shade.
When several colours are to be matched on a non-standard
substrate, or it is expected to be used repeatedly, then
calibration dyeings are made, and the ‘new’ substrate is
made part of the system.
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