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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Analytical colorimetry —

Part 2:
Saunderson correction, solutions of the Kubelka-Munk
equation, tinting strength, depth of shade and hiding
pOWer

1 [Scope

Thif document specifies the Saunderson correction for different measurement geometries and the
solytions of the Kubelka-Munk equation for hiding and transparent layersit also specifigs methods
for the calculations of the tinting strength including the residual colour-difference based gn different
criteria such as the depth of shade. Finally, methods for determining the hiding power are prjovided.

The procedures for preparing the samples for these measureménts are not part of this|document.
They are agreed between the contracting parties or are deseribed in other national or infernational
stapdards.

2 |Normative references

Thdre are no normative references in this document.

3 |Terms and definitions
For|the purposes of this document, the:following terms and definitions apply.
[SOJand IEC maintain terminology databases for use in standardization at the following addfesses:

— [ISO Online browsing platferm: available at https://www.iso.org/obp

— |IEC Electropedia: available at https://www.electropedia.org/

31
tinging strength
colour strength
measure of'the ability of a colourant to colour other materials because of its absorptive power

[SOPRCE:ISO 18451-1:2019, 3.122]

3.2

relative tinting strength

relative colour strength

percentage ratio of the tinting strength (3.1) of the colourant under test related to the tinting strength
of a reference colourant

[SOURCE: ISO 18451-1:2019, 3.105]

3.3
tinting strength criterion
parameter that describes the colouring effect of a colourant, based on its absorption

Note 1 to entry: The tinting strength criteria used in this document are the following:

©1S0 2023 - All rights reserved 1
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value of the Kubelka-Munk function at the absorption maximum;
weighted sum of the Kubelka-Munk function values;

tristimulus value Y;

the smallest of the tristimulus values X, Y, Z;

shade depth parameter B.

Note 2 to entry: Examples of other tinting strength parameters not used in this document are the following:

— unWei lth O UuIIr Ulc thC I(ubc}}\a P'{uu}\ fuu\.t;uu vq}uco,

— chromgticity given by the three colour coordinates (L*, a*, b*);

— reflectdnce factor at the absorption maximum.

3.4

residual cplour difference

colour difference that remains between the white reductions of the reference and test samples when
the tinting [strength criterion (3.3) values are the same or have been equalized

EXAMPLE Residual colour difference is given by AE*.

3.5

depth of shade

shade depgth

colour depth

measure fqr the intensity of a colour perception that increases with increasing chroma and decregses
with incregsing lightness

Note 1 to enfry: Colourations having the same depth of shade'appear to be prepared using the same concentratjons
of colouranfs having the same tinting strength (3.1).

[SOURCE: ISO 18451-1:2019, 3.26, modified ={admitted terms “shade depth” and “colour depth” Have
been added.]

3.6

standard ¢lepth of shade

standard shade depth

standard ¢olour depth

SD

depth of shqde (3.5) leveldaid’ down by convention

[SOURCE: ISO 18451-1:2019, 3.113, modified — admitted terms “standard shade depth” and “standard
colour depth” have\been added.]

3.7

hiding power

ability of coating to obliterate the colour or colour differences of the substrate

Note 1 to entry: The use of the German expressions “Deckkraft” und “Deckfahigkeit” should be avoided.

Note 2 to entry: The term “coverage” is ambiguous because it is used in some instances to refer to hiding power
and in others to mean spreading rate. The more precise terms hiding power and spreading rate should always be

used.

[SOURCE: 1

SO 18451-1:2019, 3.47]
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4 Symbols and abbreviated terms

a
a*
a(p)
a(A)
b

constant

CIELAB colour coordinate
factor

auxiliary variable

CIELAB colour coordinate

b(A]

F(A]
F'ip

9

KA
(K/5),
(K/F),
L*

auxiliary variable
shade depth parameter
relative tinting strength

hiding power value indicating the area of the contrast substrate concerned, in m?
be coated with 1 kg

hiding power value indicating the area of the contrast substrate concerned, in m?
be coated with 11

Kubelka-Munk function
modified Kubelka-Munk function

weighting function (defined as the sum of the colour matching functions x(4),
z(A) for a 10° standard observer)

thickness

coefficient

absorption coefficient

Kubelka-Munk alude of reference sample
Kubelka-MunK value of test sample
CIELABlightness

mass fraction of coloured pigment reference sample
mass fraction of coloured pigment test sample

refractive index

R(A)

which can

which can

y(A4),and

reflection coefficient at the surface for directional light incident perpendicular from outside

reflection coefficient at the surface for directional light incident parallel under 45° from outside

reflection coefficient for light incident diffusely from the inside of the specimen
reflectance spectrum
reflectance of infinitely thick layer

Saunderson-corrected reflectance spectrum

© IS0 2023 - All rights reserved
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R(A)gp
R(24) gy
R(A),
R(A),,
R'(1)

Saunderson-corrected reflectance of the black substrate
Saunderson-corrected reflectance of the white substrate
Saunderson-corrected reflectance of the sample on black substrate
Saunderson-corrected reflectance of the sample on white substrate

modified reflectance spectrum including surface effects

S
S(A)
SD

T

Xy

XYz
AE*

AE,

Po

5 Saun

5.1 Gen

For colorin
The formu
and [2]. Th
refraction

The formu

saturation

scattering coefficient
standard depth of shade
weighted sum
chromaticity coordinates
tristimulus values
residual colour difference

CIELAB colour difference

hue angle
closest angle in the table below the hue angle
as a subscript, r refers to the reference'sample

as a subscript, t refers to the test\sample

lerson correction

bral

for the given binder.

scattering

Jae“are derived assuming an ideal surface, a perfectly hiding layer and a perfectly diff

netric calculatier’it is necessary to account for surface phenomena to obtain viable restlts.
ae are known.as Saunderson correction, and their derivation can be found in References
e necessary-coefficients are solutions of the Fresnel formulael3] depending on the ind¢

[1]

x of

use

pflight inside the interior of the specimen. Any deviation from these assumptions shall

ead

to consideration of the usefulness of the following calculations.

The formulae given here are for two of the most widespread geometries: diffuse incidence, 0°
observation (d:0°) [Formula (1), Formula (2) and Formula (3)] and 45° incidence, 0° observation (45°:0°)

[Formula (4) and Formula (5)]. In nearly every colorimeter used, the measurement angle is not 0° but
8°. This deviation is not considered problematic.

The constants necessary for the calculation are the following:

o reflection coefficient at the surface for directional light incident perpendicular from outside.
Forn=1,5r,=0,040.

© IS0 2023 - All rights reserved
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reflection coefficient at the surface for directional light incident parallel under 45
side. Forn=1,5, r; =0,050.

° from out-

reflection coefficient for light incident diffusely from the inside of the specimen. For n =

1,5,r, = 0,596.

Incidence diffuse, observation 0° (d:0°)

The constant a = 1 if a gloss trap is closed and a = 0 if the gloss trap is open and the specular reflection
is excluded.

5.3

6

6.1

The
K(A

(1-ry)(1-r3)R(A)’

R(A)=ary + -
1-r,R(A)

(Where a = 1:

* R(A)-ry
1) =

) L - R

Where a = 0:

R(/l)* _ R(A)

1-ry —nr, +nr[rp+R(1)]

Incidence 45°, observation 0° (45°:0°)

(1-rp)(1-Fp)—
R(2)= s
1-r,R(A)

2
* n“R(A
R(2) =—— "R
1-ry -1y +1yfg+n°rR(A)

R(A)

Solution of the Kubelka-Munk equations

General

Kubelka*Munk theory describes the reflection of a pigmented layer by two constants: i
, and\geattering, S(A). It is based on the following assumptions:

(D

(2)

3

(4)

(5)

hbsorption,

ideally diffuse radiation distribution on the irradiation side:

a)

b)
c)

©IS

ideally diffuse radiation distribution in the interior of the layer;

no consideration of surface phenomena resulting from the discontinuity in refractive index.

02023 - All rights reserved
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For an infinitely thick, respectively hiding layer with a reflectance of R(4), the following solutions
shown in Formula (6) and Formula (7) are found, which allow the determination of the relation between
the scattering and the absorption coefficient:

[1 R(A), ]
5(/1) 2R(A) =F[R(A)..] (6)

oo

respectively the inverse:

RO ETT K(4) rl(()ﬂ [k ()] -
TS Vs ) s

For the detprmination of the scattering and absorption coefficient, two different methods can be applied
(the Saundprson correction shall be used).

6.2 Method 1

Measurement of the reflectance of an infinite thick (respectively hiding) layer and the reflectdnce
R(/l)* of afoating of the thickness, h, on a substrate of the reflection R (l); sthen following Formulae|(8),

(9), (10), and (11):

a(@):ll - +R(/1)L} ®)
2| R(2).,

b(A)=p(A)-R(A)_, =—[ . —R(A)m] 9)

2| R(A).,
s L1 oo a(M|[R(A) + R(*a)o] + f(“ R(A) o)
b(1) h b(/l)[R(;L) - R(/I)O]

K(2)4S(A)[a(1)-1] 1)

6.3 Method 2

This methpd applies tweo.layers of equal thickness, h, on black and white substances. After [the
determination of the auxiliary variables a(A) and b(A) according to Formula (12) and Formula (13)the
scattering [coefficient){${A) can be calculated using Formula (14) or Formula (15). The possibility yith
the least efperimental uncertainty should be chosen.

[LHR(A)y RGDgw || RN, =R(AXgp |+ 1+R(A), R(A)gp || ROA)gw ~R(A)y |
2[ R(A), R g — Ry RCAJop |

b(A)=+a(A)* -1 (13)

1o R, +R Ao [+ RAJGR Ao
b(A)h b(/l)[R(),); _R(l)zb]

12)

a(A)=

S(A)= (14)

6 © IS0 2023 - All rights reserved
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1-a(A)| RAYy, +R (M) |+ R R(A Do
B[ R(AYy, ~R(A)gy, |

(15)

Using S(A), the reflectance R(A)* of a coating of the thickness, h, on a substrate of the reflection R(l):; is
given by Formula (16):

1 — R(A)y {a(A) — b(A) coth[b(A) S(A) h]}
a(A) — R(A); +b(A) coth[b(A) S(A) h]

R(A) =

(16)

NO1
can
logd

7

coloured pigments

7.1

All
con,

Itis]
and

resr]i
in

7.2

Thd
spe
strd

If th
san

eith

If the tinting strength criterion values for the reference and test samples are the same, or

hav
test

A spectrophetometer with d:8° or 8°:d measuring geometry with or without gloss trap, or iy

wit

E The formulation of the Kubelka-Munk theory leads to a system of differential equations.
be stated in different ways either by the use of the trigonometric functions used here-or, by
rithmic functions. They are mathematically equivalent.

Determination of relative tinting strength and residual coleur differen

General

the methods specified here presuppose, at least approximately, a linear relationship b
rentration of the colourant and the Kubelka-Munk functiox.

assumed that the scattering by the draw-downs beingimeasured is dominated by the wh
the absorption by the coloured pigment. All thesé.conditions shall be met to ascert
Its of the methods described here. The Kubelka-Muank function for the white paste can b
ost cases.

Principle

reference and test samples are incorporated into white pastes. The corresponding
Ctra are measured on opaque draw=downs of the resulting coloured pastes. The appropr
ngth criterion is calculated fromthe measured values.

e tinting strength criterignyvalues for the reference and test samples differ, the mass fra
ple is increased or decreased until the values become equal. This adjustment may be
er experimentally o mdthematically.

e been equalized, the residual colour difference between the white reductions of the ref]
samples is;¢alculated from the corresponding reflectance spectra.

N 45°:0° or 0°:45° measuring geometry are recommended.

[he solution
F the use of

ce of

btween the

te pigment
hin correct
e neglected

reflectance
ate tinting

Ction of the
performed

after they
erence and

struments

7.3

7.3.

Procedure

1 General

The reflectance of an opaque draw-down of the white reduction of the reference sample and the
corresponding reflectance of the test sample are measured in the visible spectral range.

7.3.2 Evaluation of absorption at the absorption maximum

The tinting strength criterion is the maximum Kubelka-Munk value. Prerequisite for this method are
equal concentrations of reference and test pigments in the white pastes.

© IS0 2023 - All rights reserved
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Determine the wavelength in the reflectance spectra of the white reductions at which the reflectance is
a minimum. From the minimum Saunderson-corrected reflectance R.* and R,*, calculate the Kubelka-
Munk values (K/S),.and (K/S), for this wavelength by means of Formula (6). The relative tinting strength
C, is then obtained using the Formula (17):

(K )

S k

Cro =| %1100 17

rel K (17)
S r

NOTE This method does not involve any explicit equalization of the tinting strength criterion. Because of the

assumption|of linearity between the Kubelka-Munk function and the concentration, equalization is implicitjiif the

formalism g

f Formula (18).

K
_( s l | My 18)
K m;

5

Consequently, by using Formula (18), the Formula (17) can be transfermed into the defifing

Formula (19).

Cre =1T 100 19)

t

7.3.3 Evaluation of the weighted K/S sum
The tinting strength criterion is the weighted K/S sum. From the spectra of the Saunderson-corre¢ted
reflectance R(A)* for the test and reference samples, calculate the corresponding Kubelka-Munk vajues
F(A) = (K/Y)(A) and in each case, generate the weighted sum T from 400 nm to 700 nm according to
Formula (20):

T=YXg) FQ) 20)
The functipn g(4) is a weighting functioh, defined as the sum of the colour matching functions x(4),
V(A),and|z (1), for a 10° standardobserver (see Reference [8]). This weighting function is an empifical
function, but without any theorgtical foundation.

The relative tinting strengthyis calculated from the weighted sums and the mass fractions of the fest

and reference samples, using Formula (21):
[
T, - T,

Crol :lﬂ}mo: r /100 21)
(Feymy) ( mg. ]
(T )

NOTE This method does not involve any explicit equalization of the tinting strength criterion. Because of

the assumption of linearity between the Kubelka-Munk function and the concentration, and hence also between
the Kubelka-Munk function and the tinting strength criterion, T, equalization is implicit in the formalism of

Formula (21).

If the difference between the tinting strength criterion of the reference sample, T, and that of the test
sample, T,, is greater than 15 %, the mass fraction of the test sample should be varied accordingly.

© IS0 2023 - All rights reserved
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To obtain the residual colour difference, the Kubelka-Munk function of the test sample is modified as

given in Formula (22):

R(A)=F (2) o 22
t

Solving Formula (6) for R [as done in Formula (7)], calculate a modified reflectance spectrum, R.*'(4),
for the test sample from its modified Kubelka-Munk function, F;'(A), and then subject it to an inverse
Saunderson correction (see Clause 5) to obtain a modified, R,'(A), that includes surface effects. This
spectrum yields the colour coordinates of the white reduction of the test sample after equalizing the
i a¥e epath—Ca Hate ho ‘5.- ayFatlh ' arancea aVaa ho Q Q aRaVale a¥a ’(A)’Ofthe
O O r

e reduction of the reference sample and the modified reflectance spectrum, R,'(4).

7.3}4 Evaluation by equalizing the tristimulus value, Y

The tinting strength criterion is the tristimulus value, Y. From the reflectance’spectra, R(A), for the
white reductions of the test and reference samples, calculate the tristimulusyvalue, Y, for the reference
sanjple, and Y, for the test sample (see ISO/CIE 11664-3). The contracting parties agree on the standard
illuminant and standard observer used.

From Formula (6) and the Saunderson-corrected reflectance, R.*(AJ;for the white reductior] of the test
sanjple, calculate the corresponding Kubelka-Munk function, F(A); for the test sample. Adjyst Y; to the
ValIe for the reference sample by varying m, and then use the)resulting value of m, ' to determine a

modlified Kubelka-Munk function, F,'(A), as given in Formula (23) for the test sample:
L\l m '
Fi'(A)=F (A)-—— (23)
my

Solying Formula (6) for R, calculate a modifiedréflectance spectrum, R.*'(4), for the test sample from its
mogified Kubelka-Munk function, F,'(A), angisubject it to an inverse Saunderson correction [to obtain a
modlified R'(A) that includes surface effects: From this spectrum determine Y,'.

Varly the mass fraction of the test Sample until the tinting strength criterion has been equalized as

defjned by Formula (24):
Y, =Y, (24)
Thip variation of m, is-best carried out by an iterative mathematical procedure, but may also be done
experimentally.

Use|Formula (253 to calculate the relative tinting strength from the mass fraction, m/, of the fest sample
thaf resultsdnjequalization of the tinting strength:

G :{ mrl-wo (25)

+

Calculate the residual colour difference from the reflectance spectrum, R, (1), of the white reduction of
the reference sample and the modified reflectance spectrum, R,'(4), of the white reduction of the test
sample.

7.3.5 Evaluation by equalizing the smallest of the tristimulus values X, Y, and Z

The tinting strength criterion is the smallest of the tristimulus values X, ¥, and Z. From the reflectance
spectra, R(A), for the white reductions of the test and reference samples, calculate the corresponding
tristimulus values X,, Y,, and Z, for the reference sample and X, Y;, and Z, for the test sample (see
ISO/CIE 11664-3). The contracting parties agree on the standard illuminant and standard observer
used.

©1S0 2023 - All rights reserved 9
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The tinting strength criterion is defined to be the tristimulus value that has the smallest numerical
value for the test and reference samples.

The subsequent procedure is as described in 7.3.4, but replacing the tristimulus value, Y, by the smallest
of the calculated tristimulus values (X, Y, or Z).

7.3.6 Evaluation by equalizing the depth of shade

The tinting strength criterion is the shade depth parameter B. From the reflectance spectra, R(A),
for the white reductions of the test and reference samples, calculate the tristimulus values Y and

the chromaticity coordinates x and v (cpp IQO/(‘IF 11664-?) This mav be carried out with standard
illuminant[D65 and a 10° standard observer or with standard illuminant C and a 2° standard obseifver.
The contracting parties agree on the parameters used.
From the vjalues of Y, x, and y for the test and reference samples, calculate the shade depth parameter,
B, of the white reductions for a standard depth of shade of 1/1, 1/3, 1/9, 1/25, or 1/200,The standard
depth of shlade used should preferably be that which yields the smallest value of B. However, it may also
be a depth|of shade agreed on by the contracting parties. The standard depth of shiade used is qugted
together wfith the result for the relative tinting strength.
The shade depth parameters for the various standard depth of shade and required auxiliary quantities
are calculated by Formula (26), Formula (27), Formula (28), Formula (29}, Formula (30), Formula ([31),
Formula (32), Formula (33) and Formula (34).

Byj1 =NY-[s-a(p)y,, ~10]+19 26)

By =Y [ s-a(g), 5 ~10]+29 27)

By =NY [ 5-a(9);,9—10]+41 28)

Byas $VY [ 5:a(), p5 —~10]+56 29)

By a00[= VY [ 5-a(9); 1590 ~10]€73 30)
where s is [the saturation: 10 €ines the linear distance between the chromaticity coordinates x, y pand
the achronjatic point, i.e.:

5=10-\(x—x9 ) £y~ o 31)
with x5 =(0,3238 and y, = 0,3310 for standard illuminant D65 and a 10° standard observer and
Xy =0,3101 andy, = 0,3162 for illuminant C and a 2° standard observer,

¢@ isthe hue angle (in degrees).

= -arctan Y~ Yo (32)
T X —XO

with

0°<@p<90°fory-y,>0andx-x,>0

90° <@ <180°fory-y,>0andx-x,<0

10
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180° <@ <270°fory-y,<0andx-x,<0
270° <@ <360°fory-y,<0andx-x,>0

a(¢) are factors:

a(@)=a(@y)+K{ W+K, W?+Ky-W3. (33)
Tabfes of coefficients Ky, K,, and K; for standard depth of shade 1/1, I/3, 1/9, I/25,and.1}/200 given
in Annex A shall be used for standard illuminant D65 and a 10° standard observer and tlle tables in
Annex B shall be used for illuminant C and a 2° standard observer.

w=2"% (34)

100°
@, 1Is the closest angle in the table below the hue angle ¢ (in degrees). The coefficients K;, K}, and K5 of
¢, 4re used in Formula (33).
From Formula (6) and the Saunderson-corrected reflectance, R(A)*for the test sample and thg reference

sanj

ple, calculate the corresponding Kubelka-Munk functions;¢F(A), for both samples. Adjust the B

valges for the white reductions of the test and reference samples to the specified standaid depth of

sha

det¢rmine modified Kubelka-Munk functions, F'(A), by”applying Formula (35) and Fol
respectively:
1 m ' )
F'(A)=F (1) —
my
T m '
Fy (/’L)ZFr (/l)_r
mI‘
Solying Formula (6) for R, calculate modified reflectance spectra, R'(A)*, from these modifie
Munk functions, F'(A), and s@bject the spectra to an inverse Saunderson correction (see (|
obt}iin modified R’(A) that\include surface effects. From these spectra calculate the B val

wh

Var
pro
tha

le by varying the mass fractions, m; and m,, and use ‘the resulting values of m,'

nd m,.' to
mula (36)

e reductions of the test'and reference samples.

y the mass fractiens, m,and m, independently of one another, preferably by an iterative m3
redure, until-the depth of shade of the white reductions of the test and reference sam
of the specified standard depth of shade, i.e. until:

B, = 0 form,' and

(35)

(36)

d Kubelka-
lause 5) to
ies for the

thematical
bles equals

B~=0form.'
r r

Then use Formula (37) to calculate the relative tinting strength from:

me

Crel = |i '
my

}'100

(37)

Calculate the residual colour difference (see ISO/CIE 11664-4) from those reflectance spectra R,'(A) and
R/'(A) for the test and reference samples that result in equalization of the depth of shade.

©IS

02023 - All rights reserved
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8 Determination of hiding power of pigmented media

8.1 General

The hiding power value indicates what area, in square metres, of a given contrast substrate can be
coated with the unit of quantity of the sample in such a manner that a specified hiding criterion is
achieved. The hiding criterion shall be an agreed colour difference between the two contrasting areas

of the coated contrast substrate. A AE;b =1 is commonly applied. For achromatic coatings, a contrast
ratio of 0,98 is used to take into account the 2 % threshold value for brightness perception by the human

1bstrates shall of course be standardized for an exact method of determination Value

s of

eye. The s
reflectance

The paran
criteria us¢
power valy

— hiding
— hiding

D, and D
coated wit]
criterion).

Colorimetr

close to zero for black and 0,8 for white substrates are employed.

eter determined by all methods is the minimal film thickness hj, necessary to)fulfil
bd. The reciprocal of this parameter is equivalent to hiding power value D = 1/H. The hig
e can be determined and specified in the following ways:

power value D, in square metres per litre;

power value D, in square metres per kilogram.

the
ling

each indicate the area of the contrast substrate concerned, in square metres, which can be

h 11 or 1 kg of the pigmented medium, so as to ensure hiding (in the sense of the hic

ic methods for the determination of the hiding power use the general solutions for

Kubelka-M
thickness

best resultk.

It is possiblle to work with two non-hiding layers on-white and black substances or with a hiding 1
in combingdtion with a non-hiding one on a blacks:gr'white substrate. The method should preferably
determinegl by reviewing the data available.

8.2 Exa
power cri

The followfing equations specify a-method applicable for white and light-coloured paints where
erences between black' and white substrates is determined by the lightness differenceg.

colour diff
such cases

The follow
substrate:

R(Y)y

nk equation in combination with an iterative program to determine the necessary
fulfil the hiding power criteria chosen. This is ,thie‘most straightforward way leading to|

ple for white or light-coloured paints with a contrast ratio of 0,98 as hiding
terion

R(A) can be replaced’by R(Y) with R(Y) being the tristimulus value Y divided by 100.

ng Formula{88) and Formula (39) give the reflectance over a black R(Y)g* and white R

1
[ @(¥)=R(Y ) +b(Y)coth[b(Y)S(Y )]

ling

the
Film
the

\yer
' be

the
In

Y)*

38)

12
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. 1-R(Y)y {a(Y)—b(Y)coth[b(Y)S(Y)A]}

R(Y) :
a(Y)-R(Y )y +b(Y)coth[b(Y)S(Y)h]

(39)

A reflectance of 0,8 is assumed as R(Y)S . So the Formula (40) gives R(Y); /R(Y)* with a contrast ratio

of 0,98:

R(Y)g _ a(Y)—0,8+b(Y )coth[ b(Y)S(Y )hyog | 0,98 (40)

R(r)" {a(Y)+b(Y)coth[ b(Y)S(Y)hy og [}(1-0,8{a(Y)+b(Y)coth[ b(Y)S(Y)hyog |})
thi§'can be solved to

ho o5 =————arccoth| 202XNVY) 1)

' b(Y)S(Y) 1,568 b(Y)

with

V(Y)=3,136a(Y){1-0,98[1-0,8a(Y)]}-2,5084 (42)
Using Formula (41) and Formula (42), yield the final result as given by Formula (43).

D(¥)= b(Y)S(Y\)/_ (43)

arccoth M
1,568b(Y)

a(Y)), b(Y), and S(Y) have the same meaning as defineddn Formula (12) to Formula (15).

9

Repeatability and reproducibility

Tynpiically the choice of the correct sampling-and the preparation of the test specimen have in

the
suif]
det

result of the measurement far supefior to those of the calculation applied. It shall be asc¢
able measurements and checked by mathematical analysis (error propagation) that the
ermined are valid.

fluences on
rtained by
parameter
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Tables of coefficients for calculating a(¢) values (standard
illuminant D65 and 10° standard observer)

Annex A
(normative)

The coeffid
illuminant

lents for different standard depths of shade (SD) are given in Tables A.1 to A.5 for stan

D65 and 10° standard observer.
Table A.1 —1/1SD
Range Po a(py) Ky K> K3
1 0,0 2,250 1,850 34 8,681 15 ~11,632 8
2 60,0 3,973 1,512 13 -6,23596 3,898 74
3 156,0 3,127 -1,218 51 5,390 38 -8,918 09
4 224,0 1,987 -4,006 96 -47,812 5 284,023
5 240,0 1,285 7,426 88 -17,554 7 8,955 08
6 268,0 2,185 0,822 426 0,741 241 -2,732 09
7 340,0 2,142 -1,032 00@ 8,056 27 -0,828 125
Table A.2 —1/3 SD
Range %o aleo) K K, K3
1 0,0 2,040 1,801 64 9,156 25 -12,686 5
2 52,0 3,669 1,4459 -3,590 46 2,000 06
3 140,0 3/524 1,218 93 -8,803 59 7,202 39
4 196,0 2,710 -0,562 195 -9,452 64 1,992 19
5 236,0 1,101 -4,187 35 16,9717 118,672
6 252,0 1,351 7984 62 -9,832 03 -14,277 3
7 276,0 2,504 1,549 35 -3,910 61 1,621 25
8 340,0 2,319 -2,578 89 -4,038 09 50,0312
Table A.3 — 1/9 SD
Range Po a(eg) K K, K3
1 0,0 2,345 -0,634 155 11,219 2 -7,883 79
2 52,0 39% 2405770 =71,966 3% 247712
3 148,0 3,864 -1,289 06 1,005 37 -3,8938
4 224,0 1,756 -4,939 51 -20,889 6 188,117
5 244,0 1,438 5,801 15 -1,049 80 -12,962 9
6 280,0 2,785 1,678 51 -3,350 52 1,463 81
7 336,0 2,932 -1,527 1 -15,604 5 49,183 6

14
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Table A.4 — 1/25 SD

Range oh a(p,) K K, K
1 0,0 2,36 -3,051 67 11,086 4 30,0801
2 28,0 3,035 8,938 35 -15,2949 -9,648 44
3 56,0 4,126 8 -0,280 82 5,083 5 -1,574 2
4 96,0 4,727 1 2,575 28 -6,646 51 2,610 05
5 1243,0 2,636 =2,087 2 0,127 93 =3,27L 97
6 224,0 1,687 3 -5,801 28,726 2 27,2947]
7 244,0 1,894 5 6,096 1 -8,308 59 2,313 48
8 292,0 3,162 2 0,668 99 -3,24585 0,796 38[7

Table A.5 — 1/200 SD

Range Po a(py) K K K3
1 0,0 5,68 -9,194 58 ~19,978 5 95,984 4
2 28,0 3,646 -0,990 845 12,063 -1,349 6|1
3 80,0 6,203 14,1318 -49,884 3 56,098 ]
4 120,0 7,464 -1,578 55 1,258 79 -4,226 5p
5 208,0 4,17 -8,990 36 23,0088 15,734 4
6 232,0 3,555 4,269 04 215,078 -723,844
7 248,0 6,779 10,693 2 -40,940 4 58,806 ¢
8 280,0 7935 -0,109 528 0,637 939 -5,004 5p
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