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CHAPTER 2

LITERATURE REVIEW

247 Fundamentals

The perception of colour is a sensation. At (5) the
same time, colour measurement can only determine the physical
properties of a dyeing. With yhg help of colorimetry, it is
possible, however, 1o convert'physical data in such a manner,
so that statements @onoerning the perception of colour are
possible. It is suffigient to know the relative distribution
of the radiation, e.g. how muéh more blue light than red light
is present. The relative energy distributions of the most

commonly used light sources are known.

The radiation of light source falling on the viewed
object is partly reflected by it, partly absorbed and partly
transmitted. In color measurement, it is usually assumed that
the objects to be measured are opacue, In this case, only the
reflected or, conversely, the absorbed portion of the radiation
is of interest. The reftected portion is called reflectance.
Spectral reflectance is defined as the ratio of light reflected
by an object at a certain wavelegth to the light reflected by
an ideally white surface(s)The ideally white surface, which
muet be observed under the same conditions of illumination as
the sample, reflects all the incident light diffusely into the

gsemi-space. Since spectral reflectance is the ratio of the
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light reflected at the same wavelength from sample and from
a white standard, it is, for nonfluorescing samples, independent
of the spectral distribution of the light source which is used

in the measurement.

By plotting the spectral reflectance as a function
of the wavelength, (5,6) one obtains the reflectance curve.
This is the true physical characteristic of a dyeing. When
color measurement is mentioned, often the determination of the
reflectance curve is meant. Because a simple relationship exists
hetween reflectace and dyestuff concentration, formula calcula-

tions are possible with the help of reflectance measurements.

2,2 C,I.E. Colour Opdgr System

This system/is the most important system which are
usually used in conneotion‘with instruments for color measurement.
C.I.E. system (Commission International de 1'Eclairage or
International Commission on Illumination) is based on the concept
of additive color mixing as derived from experiments in which

colors are matched by mixing colored lights. (7)

The C.I.E. system works on formulas, not on color
samples. (8)

The C.I.E. system makes it possible to describe color
samples in mathematical terms and to represent the dominant

wavelength and purity of the sample on a diagram.

Just as color invariably involves three components-
a source of light, (7) an illuminated object, and an ohserver-

the CIE system recuires and provides both standard light sources



and a standard observer to complete the description of the
color of objects. The CIE standard observer is a numerical
description of the response to color of the normal human

eye, as expressed by the color-matching functions ¥X,¥sand

¥. The CIE Standard Sources A,B,C and D,. gimulating
incandescent light, noon sunlight, overcast-sky daylight,

and phase of average daylight, respectively-exist in physical
form as lamp-filter combinations, providing standard light
gources for viewing colors. The CIE system describes the colors
of objects illuminated,by these sources and viewed by observers

with normal color vision.

The standardfcoordinates of the CIE system are the
CIE tristimulus vaiues*X,Y and 7. These coordinates can be
either determined direbtly iq.color matching of measuring
experiments withfeolored 1ights or calculated from spectral
reflectance curves withﬂthe aid of ‘tables giving the tristimulus
values of the pure spectrum coloxr at each wavelength, that is
%, ¥, and z in Pigure 2.1, These numbers are multiplied,
wavelength by wavelength, by the reflectance of the sample
and the relative energy of the light source, and the products
are added up for all the wevelengths in the visible spectrum.

The sums are the tristimulus values of the sample.
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Fig, 2.1 1931 CIE colof-mabching functions, ix, ¥ Ex
In Figure 2.2, the reflectance curve of a green dyeing
is plotted. (5) When light of the energy E (x) falls on a
sample with the reflectance R (3), the sample reflects at each
wavelength the portion Rrof fhé'incident energy E. The eye
receives the radiant eﬁefgy R (;l). E (A) which is reflected
by the objects It has been determined by extensive tests that the
colour vigion of the human eye can be interpreted correcﬁly
with the assumption that three centres of stimulation, ‘each
with a different spectral sensitivity, exist in the retina.
The senditivity distribution of the three centres of stimulation
of the described eye model have been determined-experimentally
and plotted in the third row of Figure 2.2(5). The curves are
known: as the colour matching functions X, ¥, 2 of the standard
observer. It can be seen that one centre of stimulation is

primarily sensitive to blue light (¥ - curve), another primarily
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to green (y-curve) and the third primarily to red light (X-curve),
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Fige 2.2 The di/grim~shows how the CIE tristimlus values 7,7,
a6 z of & coior are obbalneds

The luminous enerzy reflected from the observed
object and absorbed by the cenires of stinmulation is summed at
each wavelength according to its sensitivity and transmitted
as nerve signals to hrain. The size of the transmitted signals
is proportional to the areas under the three curves in the
fourth row of Figure 2.2.

It is possible to calculate the size of these areas
by summing the products E.R.X, E.R.§hand.E.B‘§ for each

wavelenzth:
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BE.X.R at 400 nn

+B.%.R at 420 nm

+.....

+B.%.R at 700 nnm
700

= < E(A).2(A).R(1) (2.1)
400 ]

and correspondingly :
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700 -
Yiwiy E(?f\) R ARF(A) (2.2)
A00-- f’
1007/ /// il
g 4%{()f,x§(f»<r')e’n(a).z(r\) (4, 5) (2.3)
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The calculated values are termed tristimulus values

\\.»

X,Y,%Z2. They are determmqod not only by the sample (R), but (5)
also by the illum%Qant and by the standard observer. The
calculated tristlmglué Galues have to be identified always

by the illuminant and standard observer for which they were

calculated

. ER% Ej ERy

. 0:00170 - 10,04 0.00004 3 0
002474 el 1082 0.00073 0.02
o 0.07944 v gl 0.00524 0.22
0.06719 1338 0.01387 -0.69
. 0.02222 W 0.03234 - + 153
000104 .- . - 004 0.08797 2.48
Q01151 W rQ8T 0.12914 S A0
005566 . .. 075 0.18285 iges 1 i
~0.11751. . o DB 0.19668 - 155
0.16822 a1 S 0.15972 0.96
0.17885 0.9 0.10624 058

. 0.14130 . 0.85 0.06301 038

.+ 10,07381 <3 .53 0.02884 021
Voo 002720 0,22 0.01007 -~ - ' 0.08
.+ 0.00737 . 0,08 0.00268 0.02
w0 0.00164 001 0.00058 |

\wm_x_um Sum = Y = 1429

Table 2.1 The tristimulus values calculation from spectral distributien

a

data.
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Tor a graphical representation of colours it would
be possible to plot the tristimulus values X,Y,% directly in a
colour space. The representation is moxre easily understandable

if the chromaticity coordinates are calculated as follows:

X = X
X+Y+% (2.4)

vy = Y
T+Y+7 (2.5)

b4 = Z
X+Y+% (2.6)
and T¥y+z =1 (2.7)

By this definition, x represents the amount of the
red tristimulus valué X /in the sum of the values X+Y+7, while
y represents the green tristimulus walue, in Figure 2.3 .
The chromaticity coordinates identify, therefore, the hue as
well as the saturation, which ave both part of the "chromaticness™.

The lightness of thé dyeing is not expressed in the term

| T i

chromaticness. gy ;

~

\ | Fig.2.,3 I93I
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The X,Y,% primaries are nonreal or imaginary primaries,
(9) that is, they cannot be realized by actual color stimuli.

In the tristimulus space they are represented by vectors outside
the domain of vectors representing real colors; in the chromaticity
diagram their representative points are not included among the
chromaticities of real colors; they lie outside the chromaticity
region bounded by the spectrum locus anéd the purple line
connecting the two ends of the spectrum locus. The triangle
formed by the chromaticity points of X,Y.Z completely encloses
the gpectrum locus and the purple line. This ensures that the
chromaticity coordinatess/ x,y,z and the corresponding tristimulus
values X,Y,%2 of any veal color (mon&chromatic or otherwise)

are never negative,

In the centre. of the 'chromaticity diagram is the
neutral point, (7,10) .which xrepresents the chromaticness of
white, grey or black colours. Colours of equal hue lie on a
line between the neutral point and the borderline of the
diagram. Their saturation is indicated by the distance from
the neutral point. The farther the colour is located from the
neutral point, the more saturated it is. An alternative set
of chromaticity coordinates, dominant wavelenzth and purity,
correlate more nearly with the visual aspects of hue and
chroma, althomsh their steps and spacing are not visually
uniform

The dominant wavelength of a color is the wavelen{ith
of the spectrum band, which, (9) when mixed with some specified

achromatic stimulus, matches the given color. Not all colors
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have a dominant wavelensth. The achromatic stimulus is usually
provided by a standard source, such as CIE standard source A,
B,C 01:125 any of which may bc considered in this connection
as having a neutral (or achromatic) color, devoid of hue.
The dominant wavelength of a color correlates in an appropriate
way with what would be called in ordinary language the hue of
the color as observed under everyday conditions. Thus, in .
general, colors of constant dominant wavelength perceived
under similar conditions would be’ said to have the same hue.
The excitation purity of .any color pdssessing a
dominant wavelength is an/ exactly defined ratio of distances
in the chromaticity diagram indicating how far the given color
is displaced from the /achromatic color towards the spectrum

color. BExcitation purity correlates loosely with saturation

of the color perceived under ordinary dbserving conditions,
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For colors not possessing a dominant wavelength it
is always possible to match the specified achzomatic color
with a mixture of the given color and a spectrum color. The
wavelength of the latter is termed the complementary wavelength,
and it plays a role analogous to dominant wavelength in color

specifications and in the definition of excitation purity.

Fige 2.5 The liglitess ‘wxtis'of 'Chromntlcity disgrail.

The third dimension of color is conveniently added
to the CIE chromaticity diagram by thinking of the luminance
or lightness axis rising up from it. Lighter colors lie in
space at their proper level of¥Y and above the point representing
their chromaticity x,y, Figure 2.5

The construction of such a color order system is
possible in different ways and is usually realized with a colour
atlas in which each color is defined by three easily visualized

values (x,v,Y). (5)
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2.% The use of Anlab Color Space as an 2id to_dyers and colo.risis..

Be~ause AJLAD spoce cuvantifics overy characteristic

relating to the perceived colour of a textile (12,17) dyed

with a single dye or dye mixzture at any depth of shade, it

can be used in the selection of the best combinaticns for
specific shades. Tae sivuciion ig complicated by the facs

that all of the shades which can be produced by 2 two=-dye
mixtuore will lie on & curved surface in ANLAB space - that
gurface which is bounded by the strength lines of the individual
dyes. Vhen three dyes are invelved, as is customary in textile

dyeing, the shades produced do not merely lie on a curved
7

surface, they occupy’a % /= @imensional volume in ANLAB space.
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Fige 2.6 ANLAB Color Sproe.
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An example of such that a colour diagram is given in
Figure 2.6. This illustrates gelected loci and the position
of Procion VX dyes at a medium depth shade (1/2 standard depth)
dyed on bleached unmercerized cotton plus a few supporting -
colours. he lines joining any two colours represents the
colours obtained when these are mixed, and, as described earlier,
the area enclosed by the closed loop formed by the loci of the
binary mixtures of three colours includes all the colours
obtainable with that particular coumbination of three colours.
In this colour diagra@lit would, of course, be possible to
join all the colouneiﬁb;all other colours by their appropriate
loci and it is poséi&iérfo obtain a very large number of shades
using binary mixtu;esi However many of these loci and the
resulting three coloﬁi combinations can be eliminatéd by the
choice of an alternat%vé that is more suitable on technical
or commercial conéiﬁ&iations. This diagram includes the more

. \\ <
important binary mqaturés and the derived three colour mixtures.

A number of important uses follow:-

1. Selection of the most appropriate three colour
nixture.

2, To show the effect of substituting one colour
for another on the shade range covered.

3, Illustrating the fit of new colours.

A. Dyes selected for specific fastness requirements.

5. Diagrams of this nature are also particularly

useful as teaching aids in practical laboratory
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gshade matching or shades on the machine as the
loci calibrated to show the amount of dye required
to alter the shade by a given amount and how' this

varies according to the position in colour space.

The particular example shown is baged on reactive
dyes but it is ecually suitable for displaying similar situations

with other dyve classes.

2,4 Colour Difference Computation

A colour différence formula (13) which correctly
predicts the visual.jﬁdgement of an average observer is of
congiderable 1nterest, particularly in regard to the small
colouxr differences/ghgbnntered in ouality control evaluations
of coloured z00ds. The ﬁa#ufacture (14) of most coloured goods
involves at some staﬁe & decision as to whether the product
will be acceptabig agarnst the required standard for the
color. This tolerance may have beenset in a variety of wayss
perhaps by long customer usage, perhape by a committee of
interested parties or just by ' they didn't complain last time

when it was worse than this",

The tristimulus values ¥,Y,and 7 can be regarded as
the axes of a three-dimensional (15) Buclidean space in which
every perceivable color can be located, not only the color of
objects such as dyed textiles dbut also the colors produced by
monochromatic light, the purest color sensations nerceivable.

This space concept ie considerably simplified when only the



‘.’l

20

former colorg-the so-called surface colors-are of interest,
because the extent of the Y axis is then limited by definition
to 100 for the perfect reflecting diffuser; X and 7% are
consecuentially limited also, to ca 38 and 118 respectively

for Illuminant C. Buch a space is termed a 'color solid'.

Two colors that are not a perfect match according
to the CIW Standard Observer must differ in at least ome of
the tristimulus values. They must therefore be located in
different positions in XYZ space and it is natural to assume
that the greater the perceived colour difference between them
the further apart in XY¥% /space they will be. Unfortunately,
however, XY7 space /is/non-uniform to a discualifying degrees
for example, the distance between a green standard and a sample
that was just perceptibly weakexr could be as much as thirty
times zreater than thé-distznce between a blue standard and
a sample that was- just perceptibly redder, yet the two perceived
differences are of ecual nagnitude. The non-uniformify also
applies to large coloxr differences; the grey that appears
mid-way between black (Y=0) and white (Y¥=100) does not have a
Y value of ca 50 but ca 20. The need to measure color
differences objectively is as great as the need to measure
color_.itself-and, gince the non-uniformity of XYZ space was
recoznised about 35 years ago, attempts have been made to
transform it mathematically into a more uniform color space 80
that the distance between sample and étandardeould be proportional

to the perceived difference between them. The equations for
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caleulating such distances are known as color-difference
equations or formulae, the symbol AE (change in sensation,
German Empfindung) being universally used for calculated
colour differences.

Most of ‘the transformations of XYZ space yield
spaces that are also Euclidean and if the axes of such a
space are F, G and H then the distance between any two points

is given by the simple Pythagorean equation:

() = (ar) e (68)"+ (am)* (2.8)

Where AF is the difference between the two F values,
eto.

David MacAdam (14) studied his observer concerning
visually perceptual 1limits by chosing twenty-five colors and
used one observer, to specify sets of equiluminous colors,
observed to be equally noticeably different from each of the
twenty-five colors. The field obgerved was 2° in diameter
and luminance of 15 mL surrounded by a 21° field source C and
juminance of 7.5 mL., He plotted the results on the CIE
cwamiielty diagrem, and found that they were adequately
represented by ellipses drawn around each point refresenting

each of the twenty-five fixed colors, Figure 2.7.
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Fige 2.7 1931 CIE®RAmom~ticity diigragishowing MocAdam's ellipses

(ten tines ealarged). v
Machdam's equation was devised empirically to permit

one to interpolate among the 25 lMacAdam ellipses. Friele,
however, inductively devised an ecuation based on a theory

of the mechanism of colour perception which, when the constants
were suitably optimised by Friele, llacAdam and Chickering,
predicted the size, shape and orientation of MacAdam ellipses

remarkably well,

Friele = MacAdam - Chickering Ecuation No. 2 (FMC2) (14)

P 0.724 X + 0.382 Y - 0.098 % (2.9)

@,

-0.48 X + 1.37 Y - 0.1276 % (2.10)
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§ = 0.636 Z (2.11)
pean=b 2 2 22 4 A
a = 17.73%10  (F +0°)/(1+2.73P°6°/ (P"+Q7)) (2.12)
2 -/! 2 2
b = 3.098%¥10 (8 +0.2015Y ) (2.13)

(X,Y,2 are in decimal fractions)

X, = 0.55669 + 0.04934 Y - 0.82575 * 167 ¥+ 0.79172 * 10~

!

Y - 0.30087 * 10'Y (2.14)

. -3 2 =5
Ko = 0.17548 + 0.027556 ¥ - 0.57262 % 10~ Y + 0.63893 * 10

3 WK

Y -0.26731 * 10 ¥ (2.15)

(Where Y velues are in percentages)

2 SR
ALy = (PAP +-a8a)/(P +Q ) (2.16)
LL2 = 0.279 ALy//4 (2.17)
20420 B
DCy= (AP - PAR)/(P 40 )72 (2.18)
2 /| Bt
A Cyp= SAL, / (P +¢ )Jl-As (2.19)
? 2
ACqy = ((ACz./a) + (BCTH/b) )J'Z (2.20)
AC =KaC, (2.21)
AL = KAL, {2.22)
2 Al

AE = ((AC) + (AL))Z (2.23)

X,Y,2 are the tristimulus values for either of the
two colours constituting the color difference of the pair to
be evaluated, and 8P ,AQ , S are the difference between the
values of P, and S for these two colors. In the ecuations for
the factor K,and K2, Y is taken as the average of the Y's for

1

the two colors.

2,5 The Turbid lMedia Theory

A1l colorant layers are turbid: (19) that is, all
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of them scatter some light. The blue color of the sky and of
the tropic sea comes from scattered light. Only a vacuum is
strictly nonlight - scattering. The media we refer rather

to the strongly light - scattering layers (paper, paint,
vitreous enamel) of commercial interest. Many of these media
have light - scattering and light - absorbing properties

which permit us to use the Xubelka -~ Munk theorxﬁfor analysis.

The properties (9) of light - scattering colorant
layers - embracing their reflectance, transmittance, absorptance,
hiding power, and so forth are described approximately by the
Kubelka - lMunk Theory. The theoretical model of Kubelka and
Munk (1931) assumes that the colorant layer can be divided up
into a large number ¢f elementary layers - with boundaries
parallel to those of the complete layer - which have identical
optical properties, in Figure 2.8, The thickness (dx) of
an elementary lajgr ig small compa®ed with the thickness (X)
of the colorant layer as a whole but is large compared
with the diameters of the pigment particles comprising the
layer. Thus the actions of the individual particles need not
be considered but only their average effect in producing on
elementary layer of particular absorbing and scattering
properties. The theoretical model further envisages just two
completely diffuse light fluxes, one proceeding downward
throughout the layer, the other simultaneously proceeding
upward., The downward - proceeding flux (i) in its passage
through an elementary layer is decreased by absorption by an

amount X;d, , and is also decreased by an amount - S{d, by
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scattering which reverses the direction of same of the light
rays. These rays then belong to the upward instead of the
downward - proceeding flux. The quantity K is the fraction of
the downward - proceeding flux lost by absorption in the
elemcntary layer, and the quantity S is the fraction lost by
having its direction reversed. Quantities K and S are called
the absorption coefficient and, the scattering coefficient,

respectively, of the material forming the colorant layer.

/

During its passage through the same elementary layer
the upward - procegdiﬁg fiux (3) is reduced by the amounts
Kjdx and S j8x by absorption and scattering in exactly the same
way as is the down&ard-proceeding'fluxsas the flux 5 ;d..,
reversed in direction by scattering from the downward -
proceeding flux, is added to the upward - proceeding flux

the total change((dj) of the upward = proceeding flux becomes

ay = -(s+x) Jax+8idx (2.24)

The total change (di) of the downward - proceeding
flux is similarly
-4 = _(S+K)id;;+ S jax (2.25)
_-TOP OF ZOLORANT LAYER

P, 4

Total Thicneps
ELZMENTARY LAYIR (x)—~
OF THICKNESS dx Vi

DISTATCE OF
E.B/BITARY LAVER  —— (x)

BACKING OF REFLECTASCE R,
<

Fige 2.8 Schematic disgram of a cross-secti-on through o colorant layer.
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Diffewent algebraic signs appear in front of the
differentials %. and qj in the above equations becausse upward
»proceeding flux and distance x are measwueed in the same

direction, whereas downward - preceeding flux and x are

measured in oppesite arrecijons. The thickness dx of the
elementary layer refers to an increase of X s Where X = 0

corresponds to the unilluminated side of the colorant layers,

The above differential equations can be integrated to
give explicit expressions for the reflectance R and for other

properties of the colorant layer.

If the absorption and seattering (19) coefficients
of the unknown specimén are thus evaluated as functions of
wavelength, the task of the colorant - layer technologist is
then to find a known colorant or a combination of known colorants
whose absorption and scattering coefficients have the same
wavelength dependence as the unknown. If this can be done, the
identification of the unknown colorant has been completed.
The scattering coefficient of the colorant produced by a
combination of constituents is, like the absorption coefficient v
merely the sum of the coefficients of the constituents (nuncan.
1940; Persoz, 1945)s)This simple additivity of the coefficients
is what makes the Kubelka - Munk analysis applicable to colorante
layer formulation. This additivity was made use to solve
paint and plastic problems also. It is so important that we

shall write it down explicitly:
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=
1]

(cK,,)p + (cK,)q + (CK’)r+ L. (2.26)

(CS‘)p s (031)ci + (031)r+ . 5.5 s (2.27)

[¥A]
]

The technologist will thus try to find known colorants
guch that the weighted sum of the absorption and scattering
coefficients is ecual for each wavelength to that of the
unknown. This is the procedure to be used if opacity and hiding
power are of interest, or if the scattering coefficient of the
mixture varies importantly with the proportions of the

components.

If the colorant layer is completely opaque and has
a known fixed amount of 1light - scattering material in it , a
congsiderable simplication is possible. It is then necessary
only to deal with the ratio, X/S of the absorption to the
scattering coefficient. This condition is satisfied by textiles
colored by the application of dyes and it is sufficiently well
approximated by paints consisting O0f white paint tinted by
addition of toners of low scattering cocefficient, that is, so
low as to be megligible compared to the scattering coefficient

of the white paint.

One such (14) function that very roughly works is
the simple reciprocal of reflectance. 1/R, where R is a decimal
fraction and not a percentage ie.100% for the perfect diffuser
is rated as 1. This function can be made to work a little
better if a constant k, which can be derived empirically is

ingerted
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K.F = 1/R (for a narrow wavelength band)

where F is the function factor of the reflectance

Most modern match prediction techniques work upon the
principles established by Paul Kubelka and Franz Munk (1951)
who studied the behaviour of light in turbid media and set up
differential equations which they solved by the application of
calculus methods to give an exponential solution which enabled
graphical solutions for opacity of pigment layers to be made.

The TAPPI opacity /reflectivity chart is one such application.

The often uséd relationship between absorption / -
scatter and reflectance also evolved from this study:-

A
K/S (1<R) / 2R (for a narrow wavelength band,

say 0.5 to 2nm.) (2.28)

where K absorption

S = scatter

R reflectance as a decimal fraction

Poggibility of using Equaticn 2.28 in color matching
prediction and color control is illustrated graphically by a

practical example in Figure 2.9

-

%R __\\“//”1 ///”-— ///J
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o e 17
X /\ \
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Fige 2.9 Additivity of K/S functions of reflectance
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The reflectance curves and their corresponding
K/S curves in Figure 2.9 show a yellow paint and a magenta
paint together with the results of mixing the two paints
together in equal parts. It can be seen that the resulting red
from this mixture has a reflectance curve which cannot readily
be seen as a combination of the two Peflectance curves. On the
other hand the red K/S curve is formed very simply by adding
wavelength by wavelength the heights of the magenta and yellow

K/S curves together

2.6 Colour Match Prediction

The (14) ratio K/S is adequate for match prediction
when most of the gscatter at each wavelength is contributed by
the substrate as is the case with textiles, or by the white

content in the case of paints and plastics.

The full colour matching equation is

aKA + bKB + ocoee + wKw

aSA + bSB + cocee + wSﬁ

= K/Sy (2.29)

Where a, b are concentrations of pigments A, B etc.
e w is concentration of white ,
KA ’ KB voeey KW are absorption coefficients of pigments
and white.
SA . SB s labley Sw are scatter coefficients of pigments

and white.

If in the above equation the scatter of the white-

a ¥

v

-
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and the concentration of the white (or substrate in textiles)
is large compared with the scatter contributed by the coloured
components whether they be pigments or dyes, then the equation

may be simplified tos-
ak/s, +b K/Sp +eeeot W /S = K/sy (2.30)

In this eguation the K/S values of the pigmemts or

dyes, are obtained by:-

((K/S substrate + colorant - K/S substrate) / Concentration
\colorant{) , which is known as the calibration factor.
That is, the K/S of the pigment or dye is diminished by
that of the white or substrate with which it is mixed and the
result is divided by the concentration of the colorant to give

the K/S of unit concentration.

(14,20) For simplicity, it is assumed that all
neasurements are made with the same thickness of fabric. Suppose
a fabric containing two coloured substances, A and B, present in
concentrations a and b respectively, is measured at two wavelengths,
7\1and A, . Let the reflectances of the substances measured alone,
at the same concentrations as they are present in the fabric be
respectively=-

At Ay eeeeee. K/8,, . 2 and K/sm. b

A1

At AzOOOOQOO K/S « C and K/SBZ. b

A2
If K/sM1 and K/SM2 are the observed K/S functions

(from reflectances) of the fabric at A and 7, respectively,
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then since the K/S functions of the individual dyes are

additive, so it can be solved for a and b gives the expressions-

a

K K/Syq + g8/ Syp (2.31)

b

i}

Bq K/Syq + By ¥/5y, (2.32)

The coefficients o, P are in terms of the calibration

factors (K/SA and K_/sB).

The method is theoretically applicable to more than

two colors, and is limited only by the separation of the reflectance

bands and the sensitivity of the instrument. For three - colour
mixtures the three appropriate wavebands are chosen and
measurements of known concentrations of the individual colouring
matters and of the unknown concentration made with each, as ~
described for a two - colour mixture. Similarly, If a,byc are
the concentrations of dyes A,B and C respectively,

K/S,,- a + K/Sm. b + K/Sy,. C (2.33)

Then, At /‘11 K/sM1

At Ag K/sMz K/SAZ. a + K/SBz. b + K/Sca. c (2.34)

At ‘/\; K/sm K/SAB. a + K/SBB. b + K/SCB. + (2.35)

The solution of three such simultaneous equations is

readily obtained by the use of determinants, Thus -

K/SM 1«:/sBj K/sC 1 - a 1 B K/sM1 )
K/SA2 K/s]32 K/SC2 * b = K/sm (2.36)
L—K/SAB K/S]33 K/SC3‘ ] c ! 5 K/sm_

or P#Q=2~R (2.37)
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Where P is the calibration factor array, Q is the
concentration array, and R is the array of K/S values of
mixture.

then G =D % B (2.38)

So we need the inverse of P into which R is multiplied
to give Q. This inverse form of the normalised K/S array is
the pre - solved equation system into which any unknown
standard K/S values (diminished by those of the white base)

may be multiplied to give by a wvery rapid operation the concentrations

required for a match.
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