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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 fof]
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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Introduction

The scope of ISO/TC 256 is standardization in the field of colorants, i.e. pigments, dyestuffs and
extenders. Standards on test metrics in this field is a very effective basis for the introduction and
improvement of quality management systems. The consequent use of standardized test metrics within
a company can cut down testing costs to a fraction of the original costs. Carefully written test metrics
improve the precision of the test results. Standards for pigments, dyestuffs and extenders used as raw
materials support the trade of these materials.

Several formulas had been developed in the past for the assessment of colour differences. For presenting
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Scope
5 document specifies the procedure and test report for determining small colour dif

ermination of small colour differences (AE < 5) of non-luminous colours are given in Af
C. These examples are related to the three colour space models: @SA-UCS modified by C
990 and CAM16-UCS (uniform colour space).

5 document is applicable for the assessment of pigments;dyestuff and extenders in 1
Fings, plastic and prints only that are evaluated in pairs for eolour conformity, and which
ceptible colour differences.

Normative references

re are no normative references in this document.

Terms and definitions
erms and definitions are listed in'this document.
and I[EC maintain terminelogy databases for use in standardization at the following addj

[SO Online browsing-platform: available at https://www.iso.org/obp

IEC Electropediasavailable at https://www.electropedia.org/

Proceduve

determining small colour differences (AE < 5) of object colours according to equidis
Ces, ‘one of the three procedures from Annexes A, B and C should be used. Three sugg

me

Fferences of

ct colours according to equidistant colour spaces. Three suggestions formetrics for the quantitative

nexes A, B
leari et al.,

he field of
have small

esses:

ant colour
estions for
olours are

ries for the quantitative determination of small colour differences of non-luminous

given in detail in Annexes A, B and C for information. These examples are related to the three colour
space models OSA-UCS modified by Oleari et al., DIN9901) and CAM16-UCS. Further information on
these models can be found in References [11] to [31].

The used calculation metric for the colour difference shall be stated in the test report.

When the formulae described in Annexes A, B and C are used for large colour differences (greater than
approximately 10 CIELAB units), larger deviations between calculated colour differences and visual
evaluations are to be expected. This is due to a nonlinear relationship between small and large colour
differences. If it is intended to use the formulae in this range, it should be explicitly agreed between the
interested parties.

1y

©IS

DIN990 was denoted DIN99b[19] but has later been referred to as DIN99o [18] [21],
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5

Test report

The test report shall contain at least the following information:

a)
b)
0)
d)
€)
f)
g)

all details necessary to identify the product tested;
areference to this document, i.e. ISO 18314-5:2022;
the colour space model used for the determination of the colour differences;

the results of the test;

any deviations from the procedure specified;
any unusual features (anomalies) observed during the test;

the date of the test.
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Annex A
(informative)

OSA-UCS colour space modified by Oleari et al.

Theg OSA-UCS colour space was first published in 1947 by the Optical Society of Americal (OSA) and
further developed in the subsequent years. The model is based on the characterization|of colours
using approximately 500 lattice points in a regular rhombohedral shape in an_Elc¢lidian $pace. This
can| be illustrated by a cube with each of the eight corners being cut symmetrically. The CIE 10°
stapdard observer and the D65 standard illuminant was used. This colour spdce is based oh the three
perpendicular coordinates lightness: Lyg,, Jaune J (the yellow/blue axis) aid Green G (the|green/red
axig).

For| OSA-UCS lightness, Ly, the value of 0 corresponds to a 30x% reflective neutral background.
Asspuming nearly zero values for G, positive values of J indicate yellowish or brownish c¢lours, and
negptive values of ] blue colours.

Asspming nearly zero values for J, positive values of G indicate greens and negative values pf G purple
colqurs.

In this document, Oleari’s concept of a logarithmic €édmpression in chroma and lightness leadling to AE}
is applied, using the new coordinates J, and G. Fukther details are described in A.2 and the References
[12] to [17].

For|the transformation from the X;, Yo, %y, coordinates or the x4, y1( Z1o-chromaticity cpordinates,
respectively to the OSA-UCS system proposed by Oleari, the following and Formulae (A.1) tfo (A.5) are

applied:

Let|(Y10, X109, V10) and (Lgsa, J, @)\be the colour specification in two spaces. The unit of disthnce in the
0SA-UCS space is approximadtely 10 just noticeable difference, assuming that this space cpnforms to
Euclidean metrics.

The lightness is defined-as in the original OSA-UCS formula [Formula (A.1)]:

Losa :{5,9[(1/01/3 —§j+o,o42(yo —30)1/3}—14,4}% (A1)

with

YoV, (4,493 4x%, +4,303 4y2 —4,276 Oxyq v, —1,374 4x,0—2,564 3y,,+1,810 3/.

\

The lightness Lyg, has no simple analytical conversion from the OSA-UCS space to the tristimulus space.

The coordinates J and G, which correspond to the empirical j and g of the OSA-UCS system, are obtained
by a sequence of linear transformations and a logarithmic compression - see Formula (A.2) and

Formula (A.3):
A 0,6597 0,449 2 -0,108 9|( Xy,
B |=|-0,3053 1,2126 0,0927 || Yo |, (A.2)
C -0,037 4 0,4795 0,557 9 || Z49

©1S0 2022 - All rights reserved 3
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In A/B
] S; 0 |[-sina cosa A, /B,
G 0 Sg |l sinB —cosp | B/C
n
B,/C,
n-4/B_
2(0,573 5Lgyg, +7,089 2) 0 {0,179 2 0,983 7} 0,936 6 (A.3)
- 0 ~2(0,764 OLgsy +9,252 1)](0,948 2 ~0,317 5| [ B/C W '
L n\n,qgn 7 U
S¢ and S dre suitable normalization-scale factors and a and f are the angles between the refergnce
axes of the[main chromatic opponent functions and the directions of parallel lines with constants’gand

J, respectiy
standard il

luminant D65.

elylll. A , B, and C, are the values of 4, B and C according to Formula (A.3) for the neuftral

The analytjcal reversibility of this transformation is straightforward, excluding the-¢onversion of Lj,.
The chromp and hue angles are obtained in OSA-UCS space from J and G coordinmates as in CIELAB ffom
a* and b* according to Formulae (A.4) and (A.5):

Cosr VI +G? (h4)

J
hoss =larctan| — (p.5)
-G

NOTE Rosa is expressed in degrees (°).
A.2 Determination of colour differencesaccording to OSA-UCS colour space
modified by Oleari et al.
From colopir space proposed by Oleari et.al. (see A.1), the colour-difference formula AE;pl2] fvas
introduced. Next, based on a logarithmic compression of the OSA-UCS coordinates in the colour space
modified By Oleari et al., new coordinates L, J, G were proposed, defining a new colour space with
an Euclidepn colour-difference formula named AE13]. The AEp and AEg colour-difference formpilas
were testefl by CIE/TC 1-55 in CIE-217, together with CIEDE2000, DIN990 and other colour-differgnce
formulas.
Based on fhe original cdordinates OSA-chroma Cyg, and Lgg,, the definitions of this formula anfl of
the OSA-ULS space with chroma and lightness log compressed are recalled by Formula (A.6) to
Formula (A.10):

AE, = (ALY +(AG, ) +(N,) (h.6)

1 b
L;=| — [In| 1+=(10Ly, ) (A.7)
bL aL

with a; =2,890, b =0,015,

G, =—C.cos(h),
4 © IS0 2022 - All rights reserved
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Ji = Cgsin(h), (A.8)
with
h = arctan [—ij
G
1 b
C, = WV In| 1+ (10C, ) (A.9)
C af‘

with @, =1,256 , b.=0,050,

Cosn =NG*+J7. (A.10)

Grepter insight into this concept and the introduction or derivation of the colour coordinateg, as well as
theformulae, can be obtained from References [14] to [17].

© IS0 2022 - All rights reserved
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Annex B
(informative)

DIN99o colour space

B.1 Desgription-ofthe DIN99g colourspace

B.1.1 Geperal

The DIN990 formula was the result of the adjustment of the parameters of the well-establighed

CIELAB colour space. The goal was to fit the results of the colour differences according’to CIEDE2P00

but keepinlg the properties of a colour space. Vectors are no longer of significance.in the CIEDE2PD00

formula, tHerefore, there is no colour space based on the CIEDE2000 formula.

B.1.2 Dettermination of coordinates Lqq,, 099, D99, Cogo Ngg, Of the-DIN990 formula

The starting point for the determination of the colour coordinates Kyq,, aq99, P99y Cogo 9o, Of|the

DIN990 forimula is the determination of the colour coordinates L* g*.b*according to ISO/CIE 11664-4.

The colour coordinates Lqq,, G99, D99y Co9, Ngg, are determined according to Formulae (B.1) to

Formula (B.15) [for calculation examples see B.2]:

DIN 990 lightness: Lgg, = 303,67 In (1,0 + 0,0039 L*)/kg (B.D

Aucxiliary Variable for

redness: e, = a* cos 26° + b*'sin 26° (B.2)

Auxiliary ariable for

yellownesd: fo=-0,83 a*sin 26° + 0,83 b* cos 26° (B.3)

Auxiliary ariable for

chroma: G, =(e 2 +f,2)0> (B.4)

Auxiliary variable for hue

angle: heoso = arctan (f,/e,) fore,>0andf, 20 (B.%)

(in radiang heofo =T/2 fore,=0andf,>0 (B.¢)
heof, = T+ arctan (f,/e,) fore, <0 (B.7)
heofo = 31/ 2 fore,=0andf, <0 (B.8)
heofo = 2T + arctan (f,/e,) fore,>0andf, <0 (B.9)
heoto =0 fore,=0andf,=0 (B.10)

6 © IS0 2022 - All rights reserved
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DIN 990 variable:

DIN 990 hue angle

in degrees: hggy = (heo, 180°/1 )+ 26° for h, s, < 334° m/180° (B.11)

hggy = [(eoso — 2m)180°%/ ]+ 26° for hyy, = 334° /180° (B.12)

DIN 990 chroma: Co9,=[In (1 + 0,075 G,)]/(0,043 5 kcy ki) (B.13)

DIN 990 green-redness: g9, = Cgg, COS (hgg, T1/180°) (B.14)

DIN 990 blue-yellowness: bgg, = Cqq, Sin (hgg, T/180°) (B.15)

Parpmeters kcyyand kg See B.2.3

B.1L3 Determination of the colour coordinates L* a* b* C»h according to ISO/C|E 11664-

4 from given colour coordinates Lqq,, dgg,, bgg, Cgg, aNhAgg,

If cglour coordinates Lggq, Agg,, Dgge OF Lgg, Cogq hgg, aregiven, the colour coordinates L* af, b* C*and

h cgn be calculated according to ISO/CIE 11664-4. See Formula (B.16) to Formula (B.30):

DIN 990 chroma: Cyg0 = [(Ag90)? + (Dgge)2]1972 (B.16)

DIN 990 hue angle:  hgg, = 180° arctani(bqq,/dgq,)/T for agg, >0 and bgg, 20 (B.17)

(in flegrees) hgg, =90° for agg, = 0 and bgqg, >0 (B.18)
hqggy =180° + 180° arctan (bgg,/Ag9,)/T for agg, <0 (B.19)
h990 =270° fOI‘ 0990 =0 and b990 <0 (BZO)
h990 =360° + 180° arctan(bggo/aggo)/‘r[ for 0990 >0 and b990 <0 (BZl)
h‘;yu =0 for Qogr= Qand h‘J‘jU =0 (B.22)

Auxiliary variable

in radians: heoto = (hgg, — 26°) T/180° (B.23)

Auxiliary variable for

chroma: G, = [exp(0,043 5 Cqq, kcy kg) — 1,01/0,075 (B.24)

Auxiliary variable for

green-redness: e, =G, cos (hyy,) (B.25)

Aucxiliary variable for

blue-yellowness: fo =Gy sin (hyyp) (B.26)

©1S0 2022 - All rights reserved 7
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CIELAB green-red-

ness: a* = e, cos 26° - (f,/0,83) sin 26° (B.27)
CIELAB blue-yellow-
ness: b* = e, sin 26° + (f,/0,83) cos 26° (B.28)
CIELAB chroma: C* = [(@*)? + (b*)2]05 (B.29)
CIELAB hg tness: L* = [pvp (’7‘10 Ian/Qﬂ?’F\7) = 1][/0’00? 9 (R 30)
If Cq9, and| hgq, are given, first calculate the auxiliary variable h,, in radians [see Formula(B"43)].
Then carryf out the calculation steps as described above, beginning with Formula (B.24).
The colourfdifferences can be calculated from the respective values shown in more detail in Annex B.
For this pufrpose, the above calculation is carried out for both the reference and the specimen.
B.2 Determination of colour differences according to DIN99o-colour space
B.2.1 Determination of colour differences according to DIN99oformula
The colour|difference AEqq, is calculated according to the DIN99o fermula as in Formula (B.31):
DIN 990 cdlour difference: AEqgq, = [(ALgg,)? + (Adgs,)% + (Abgg,)?]%5 (B{31)
Parameter|kg: See Clause B.2.3.
If the indices P (specimen) and B (reference) are used for the colours to be compared, Formula (B.34) to
Formula (B.34) should be applied.
DIN 990 lightness difference: ALggs= Logo p = Lggop (Bf32)
DIN 990 red-green difference: Blgg, = Aggop ~ dgg0 B (B}33)
DIN 990 ydllow-blue diffefence:  Abgg, = bgg, p = bgg, g (B[34)
B.2.2 Separatiominto lightness, chroma and hue differences
Analogous| to the-separation of the colour difference into lightness, chroma and hue differences
in accordapee with ISO/CIE 11664-4, the following applies for the DIN990 formula in the event that
Co9,p > 0 aeEs >
DIN 990 colour difference according to Formula (B.35).

AEgg, = [(ALgge)® + (ACg,)? + (AHgg,) 1% (B.35)

Using the in

dices defined in B.2.1, the following applies:

© IS0 2022 - All rights reserved
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990 chroma difference according to with Formula (B.36):

ACyg, = C990,P - C990,B

990 hue difference according to Formula (B.37):

AHgg, = =(A990,p P99o,8 = 990,58 D9go p)/[0,5 (Cog p Co90,8 + A990,p 990,58 + Dogq p b99o,B)]0'5

0,5

[2(C996,p C990,8= A990,p 996 B ~D990,5 D99 p)]

(B.36)

(B.37)

B.2

The
on

sur
hav|
the
in v

.3 The k factors

magnitude of perceived colour differences between two colour specimens-not on
colour differences as determined by colorimetry but is also influenced to, varying

rounding viewing conditions. The k factors are suitable to describe this inflience. The tw
e different meanings: k¢ is a form factor describing a relative shifting 6fyweightings in
lightness difference to the difference of chroma and hue, ki describes the influence th
iewing conditions have on the total colour difference. Normally, kg should therefore be

Ch

of K and kcy values. Values of ki and kqy other than 1 lead to a change in both colour diffe
colqur coordinates. If it is intended to use k factors other than-Iytheir values shall be agree
indicated in the measurement report.

NOTE
weightings are assumed, so that they can be combined teyform a k factor k.. Furthermore, the
the fotal colour difference is always described here by.factor k; and no longer in part by the weig
individual differences. By doing so, the k factor for the lightness difference no longer needs to be

the
rest

If i
sha

In ¢

[1u
I1lu
Obs

Sur

nges in viewing conditions or materials (e.g. textiles) can be considered by the appropriaf

The k factors have been simplified here compared.with CIE 101. For the k factors k; and

factor merely functions as a form factor. The préyiously established designations of weightings
It.

is intended to verify the measured-¢olour differences visually, the following reference
| be met in accordance with Formula'(B.38):

kE:kCH:1

minating light source: D65 simulator

minance: 1000 Ix
erver: normal colour vision

Founding field: consistently medium-grey, L* = 50

prrespondence with CIE-J01 and CIE 116, the reference conditions are defined as follows}

y depends
legrees by
ro k factors
Lhe ratio of
at changes
equal to 1.
e selection
rences and
1 upon and

(1 the same
fluence on

i
Etings of all

efined, and
change as a

conditions

(B.38)

Size of the specimen:

Sep

Surface texture:

Typ

Lightness of specimens:

Magnitude of colour difference:

©IS

larger than 4° field of view
aration of the specimens: direct contact
homogeneous
e of appearance: object colour

medium, about L*=50

less than 5 CIELAB units

02022 - All rights reserved
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If deviating from these reference conditions, a change in the perceived size of a colour difference of a
given pair of specimens is to be expected. To describe this change, it is permitted to give the k factors
appropriate values other than 1.

10 © IS0 2022 - All rights reserved
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B.2.4 Calculation examples

Table B.1 shows examples of transformations for reference illuminant D65 for the DIN990 model.

Table B.1 — Examples of transformations for reference illuminant D65

1SO 18314-5:2022(E)

L* a* b* Lgg, 999 bgoo €990 h99o
50,000 10,000 10,000 54,098 12,215 10,979 16,424 41,950
50,000 50,000 50,000 54,098 31,237 28,076 42,000 41,950
50,000 -10,000 10,000 54,098 -11,067 9,780 14,769 138,531
50,000 -50,000 50,000 54,098 -29,384 25,968 39,214 138,531
50,000 -10,000 -10,000 54,098 -12,215 -10,979 16,424 221,950
50,000 -50,000 -50,000 54,098 -31,237 -28,076 42,000 221,950
50,000 10,000 -10,000 54,098 11,067 -9,780 14,769 318,531
50,000 50,000 -50,000 54,098 29,384 -25,968 39,214 318,531
0,000 0,000 0,000 0,000 0,000 0,000 0,000 -
100,000 0,000 0,000 100,000 0,000 0,000 0,000 -

Grepter insight into this concept and the formulae can be obtained from References [18] to [22].

© IS0 2022 - All rights reserved
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CAM16-UCS colour space

istion of the CAM16-UCS col

earance models are mainly used to predict colour appearance under different-view
such as illuminant, luminance, background, surround conditions. It has been widely use

s. It has been widely used for cross-media colour reproduction, e.g. betwéen reflec
l self-luminous display colours.

MO2 model has the following steps:

via a linear chromatic adaptation transform, referred to as CAT02;

del maps the illuminant colour adaptation signals into ggne-like responses using the H
F-Estévez (HPE) matrix[23],[24],

del applies a nonlinear post-adaptation response, compression function to the cone-
ses;

del predicts the perceptual attribute correlates from the post-adaptation cone-like signg

was extended to predict colour differénce for the surface colours. It was named CAM
vas documented by CIE in 2018 (GIE 015). Furthermore, illumination researchers
sive investigations and identifieduadvantages to including CAMO02-UCS in colour rende

colour difference, robust chromatic adaptation in estimating chromaticity between diffe
b and reliable colour appéarance effects under different illuminations. This resulted in
mending a colour fidelityindex, R, (CIE 224). In addition, Reference [10] derived addit
it convey more inforfnation than any previous attempt at characterizing colour renderi
S,

was found that . computational failures can occur in certain cases such as during the im
of cross-média colour reproduction applicationsl(26l, Therefore, CIECAM02 was rev
CAM16£lts' uniform colour space CAMO02-UCS and chromatic adaptation CAT02 were
become.CAM16-UCS and CAT16 respectively. It is expected that they will become CIECA]
025in2022. In this document, only the uniform colour space is given here.

put CIE 1931 tristimulus values, X, Y, Z, are converted into iluniinant colour adaptaf

iITg of

ring
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tive

—n
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int-
like
Is.

02-

did
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the lighting industry. These advantages include giving accurate uniform colour spacinig in

rent
the
nal

age
sed
hlso
M16

Starting from the X, Y and Z, or X1, Y1, Z1(, tOgether with four parameters to deflne viewing condition,
the CAM16 model defines the lightness J, chroma C, hue composition H, hue angle h, colourfulness M,
saturation s, and brightness Q. The four parameters to define viewing condition are illuminant (X, Y,
and Z,), adapting luminance (L,), luminance factor of the background (Y}), surround (average, dim and
dark).The corresponding colour space CAM16-UCS is based on the properties J' for lightness, M’ for
colourfulness and h for the hue angle. When computing colour differences, the 1964 coordinates X, Y
and Z are frequently used.

Ten pairs of samples for the application in the coating industry were calculated and the results are listed
in Table C.1. The parameters used were X, Y0, Z;o 0f [97,29, 100,0, 116,15] under D65/10 condition, Y},
of 20,0, L, = of 60 cd/m? for a luminance of 300 cd/m? of the reference white, and ‘average’ surround.
The output CAM16-UCS values were calculated from Formulae (C.1) to (C.3).
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Table C.1 — Examples for CAM16 calculations

1SO 18314-5:2022(E)

No. X Y Z J' M’ h a b' AE
1 18,6911 19,701 8| 20,8463 54,25 3,96 134,55 -2,78 2,82 2,88
16,298 5 17,192 5| 18,2251 51,15 3,86 136,19 -2,79 2,67
2 574559| 60,6038| 64,4529 84,34 5,28 137,51 -3,90 3,57| 3,39
50,208 8| 52,9318| 56,1736 80,33 5,08 135,97 -3,65 3,53
3 8,945 5 9,4419 9,829 8 39,08 3,54 130,07 -2,28 2,71 3,24
7,226 7,619 9 7,942 6 35,35 3,27 129,41 -2,08 2,53
4 14,04 9,95 5,028 7 41,47 27,14 27,35 24,11 12,47 3,83
15,3252 10,0056 4,126 8 41,89 31,97 26,14 28,70 14,08
5 189028| 18,5914| 31,5684 53,10 15,00 27590 1,54 -1492| 297
18,522 3 18,6758| 32,5765 53,09 16,07 264,51 -1,54 -16,00
6 16,370 3 19,007 8| 30,367 5 52,93 18,83 220,43 =14,33 -12,21| 2,81
16,9688| 19,0935 319799 53,14 18,56 229,53 -12,05 -14,12
7 6,155 5 6,4615| 19,4938 32,36 25,13 248,45 -9,23 -23,38| 3,46
6,727 9 6,503 2| 21,4442 32,67 25,78 25%70 -5,49 -2%,19
8 6,292 1 6,215 6 19,512 31,93 24,84 255,85 -6,07 -24,08| 2,98
6,074 3 6,256 3| 20,7933 31,85 26,55 249,60 -9,26 -24,89
9 17,3312 18,5842 18,9749 52,84 5,75 138,37 -4,30 3,82 2,49
17,410 3| 18,6686 17,353 8 52,95 7,15 120,12 -3,59 6,18
10 17,4002| 18,5842| 21,1609 52,84 521 179,12 -5,21 0,08/ 2,51
17,057 2| 18,6686| 21,2551 52,85 7,70 180,01 -7,70 (b,OO
The colour differences can be calculated from the respective values and are described apd in more
detjil in C.2.
C.2| Determination of colourdifferences according to CAM16-UCS colour spade
Starting from the CIE 1931-coerdinates X, Y and Z (under a test illuminant X, ¥, and Z,) the CAM16

M fi

The
Ml

For|

el defines the lightness i chroma C, hue composition H, hue angle h, colourfulness M, saturation s,

mo
an{brightness Q. The corresponding colour space CAM16-UCS is based on the properties J fof lightness,
r colourfulness and h for the hue angle.

CAM16-UCS hds’been derived by Li et al.[26], based on the orthogonal appearance cqrrelates J',
ind h' that represent be lightness, colourfulness and hue angle, respectively. They arg computed
using the CIECGAM16 model. The uniform colour space based on CAM16 is given by Formyla (C.1) to

mula (C:5);
, 1
J T7J

7 140007 J

(C.1)

M’=In(1+0,022 8 M)/0,022 8

a’ = Mcos(h)

B = Msin (h)

© IS0 2022 - All rights reserved
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