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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.
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Leather — Measuring the colour and colour difference of
finished leather

1 Scope

This document specifies a method for the correct measurement of the colour of finished leather by
instrummeTTtat earns T e documnent describes general Concepts of cotour measuremntern adapted to
leather and the calculation of differences in colour.

This[document defines the following:
a) the use of D65 as the standard light source for the leather industry;

b) the use of D65 light source 10° as standard conditions for colour matching, for the gefinition of
dlaylight simulators and as the reference light source for metamerisia analysis;

c) the use of CIEDE2000 as the colour difference formula.

2 Normative references

The following documents are referred to in the text in Such a way that some or all of their content
constitutes requirements of this document. For datéd references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

[SO 4419, Leather — Physical and mechanical tests — Sample preparation and conditioning
ISO 11664-3, Colorimetry — Part 3: CIE tristimulus values

ISO 11664-4, Colorimetry — Part 4: CIE)1976 L*a*b* Colour space

ISO/CIE 11664-6, Colorimetry —=Part 6: CIEDE2000 Colour-difference formula

EN 1p987, Leather — Terminelogy — Key definitions for the leather trade

3 Terms and definitions
For the purposes;of this document, the terms and definitions given in EN 15987 and the follpwing apply.

[SO dnd IEGimaintain terminological databases for use in standardization at the following gddresses:

— IS@-Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1

colour measurement

numerical representation of the colour of a specimen obtained by use of a colour measuring instrument
(3.2) in terms of tristimulus values, colour coordinates or spectral response within the visible and near
UV spectra

3.2

colour measuring instrument

device which measures reflected radiations in the visible spectrum (wavelengths between 360 nm and
780 nm) covering as a minimum area wavelengths between 400 nm and 700 nm

Note 1 to entry: Instruments included in this definition are named colorimeters and spectrophotometers.

© IS0 2019 - All rights reserved 1


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=f0510ac762cf1ca5c8bde3f0d4fcc690

ISO 22700

:2019(E)

IULTCS/IUF474:2019(E)

3.3
geometry

<colour measuring instrument> relative position illumination/observer (detector)

Note 1 to entry: Typical geometries include the following:

— d/0%
0°/d;
0°/45°;

45°/0°;

with a tolerd
geometries n

34

specularity
<colour med
caused by il

Note 1 to en
reflective sp4g

3.5

area of viey
<optical ap
instrument

3.6
specular re
reflection w

Note 1 to ent

3.7
standardiz
<colour me
measuring
subsequent

Note 1 to ent
black tile for

3.8
verificatior
<colour me{

ay generate different results on the same specimen.

suring instrument> specular reflectance (3.6) on glossy, metallic and.reflective speci
umination, with the potential to disturb colour measurement

fry: Specular reflectance may be included “SPINC” (for matt specimens) or excluded “SPEX
cimens); different specularity may generate different results on the same specimen.

Vv
erture; colour measuring instrument> area and, shape of the target covered by
n a single colour measurement

flectance
ithout diffusion, in accordance with the'laws of optical reflection

Fy: As in a mirror.

ation

hsuring instrument> measurement of one or more calibrated materials with a ¢
nstrument for the purpose of calculating a set of correction factors to be applig
measurements

Iy: Calibrating mateérials are normally a white tile for the white standardization, and a light ti
Lhe black standardization.

| standard
surement> stable material which is used for the purpose of confirming (or verifying

ble angle of 0° to 10° on the diffuse geometries and 45° + 2° on the 45° geometries. Different

mens

" (for

r the

blour
ed to

ap or

) the

validity of a

instrument standardization

Note 1 to entry: Colour measurements, which are made immediately following standardization, are compared
with the original measurements of one standard, or series of standards, to verify the correct standardization.

4 Principle

The surface of a finished leather specimen is measured by reflectance methods in order to obtain a
numerical representation of the colour of the specimen. This numerical representation may have two
different scopes:

— the definition of a certain colour by absolute chromatic coordinates or by definition of a specific
spectral distribution;

© ISO 2019 - All rights reserved
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— the definition of a colour difference to define a specimen “pass/fail” boundary related to a reference

sample within a uniform perceptive tolerance.

Considering that the chromatic coordinates as well as spectral distribution specifications depend on
the instrument’s geometry and measuring conditions, all relevant data such as reference illuminant,
photopic/scotopic observer angle, instruments geometry and measurement area shall be reported.

Proper equipment set-up, standardization of the colour measuring instrument and presentation of the

test specimens to the instrument are recommended to achieve consistent, reliable and
reflectance measurement results.

meaningful

In gpnprn] instrumental colour measurement prnrpdnrpc are dictated hy the type of specimen to

be njeasured and the instrument with which it will be measured. Many types of colon
instrjumentation are available, differing in such features as area of view, illumination
geonetry. Conflicting results will be obtained through comparisons of data acquired on

of diffferent designs. It is recommended that selected instruments conform with’ inter-i}
agreement and profiling protocols, to ensure acceptable absolute meaSurements ¢
instruments.

5 Apparatus and materials
5.1 | Reflectance colour measuring instrument, for illuminating a specimen and ms
amouynt of light which is reflected from the surface of the specimen in the visible region of t

pectrophotometers (typically diffuse/0, using polychromatic illumination) d
easure the spectrum of light reflectedfrom the specimen relative to a reference whi

0 nm). These data may be used.te calculate the desired tristimulus values (X, Y, Z) f
illuminant and observer. Some spectrophotometers (typically 0/diffuse) illuminate the
onochromatic light and measure the amount of light reflected from the surface as t
jflluminated at regular wavelength intervals.

" measuring
method and
nstruments
hstrumental
n different

asuring the
he spectrum
region from

iffract and
fe at regular

intervals. The spectral step width and optical band width shall be < 20 nm (preferably 5 nm or

DI any given
sample with
he sample is

b) Colorimeters measurethe tristimulus values (X, Y, Z) directly through broadband filtefs which are
esigned to produce colorimetric values for one illuminant and observer. Colorimetefs with D65
ijllumination and“10° observer are recommended. Measurement of reflectance factorf at specific
avelengths is'not possible with a colorimeter.
The recommended geometry for the colour measuring instruments should be one of the following
combinations:
— 4/0;
— 0/d;
— 0/45;
— 45/0;
where
d isdiffuse;
0 isthenormal (0°to 10°);

45 s (45° £ 2°).
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The 0/45 and 45/0 geometries exclude the specular reflectance in the measurements and provide
measurements corresponding to visual changes in the specimen appearance caused by changes in the
pigment colour or changes in the surface gloss or texture. Diffuse (d) geometry instruments commonly
include specular reflectance in the measurements. This avoids the differences caused by surface
unevenness and provides measurements of the differences caused by changes in pigment colour only.
These instruments may also exclude specular reflectance.

5.2 White calibrated standard, with which to standardize the instrument. The colorimetric values
for this calibration standard are stored in the instrument or the software and require only that a specific

standard be

used to standardize the instrument.

5.3 Black
may be caliH

5.4 Verifi
absolute mf(

instruments,

5.5 Instry
must be stri

standard, required for some instruments. It may be of zero reflectance (a light trap)
rated, in which case the comments in 5.2 apply.

cation standard or set of verification standards, required to verify the ‘acceptabil
basurements in a single spectrophotometer or as profiling reference between diffi

iment calibration, the instructions of the instrument manufacturfer regarding the calibr
Ctly followed.

6 Procedure

6.1 Stang

Proper stan
precise and
white surfa
instrument
measureme
set of coloul
these mater

The frequer]
type of insf
accuracy of
flashes is ac

Once the sta
by measurif
with the or
variation fn
verification

Jardization of colour measuring instrument

dardization of any colour measuring instriiment is necessary in order to achieve
accurate results. In general, instrument standardization involves measuring a
e of known reflectance factors and c¢alculating (through built-in software operatin
or computer program) a series of correction factors which will be applied to subsec
nts. Some instruments also require.ablack tile (or light trap) and a standard coloured t

or it

ty of

erent

ation

more
Clean
b the
juent
ile or

ed tiles to verify accordance of the instrument standardization to absolute values. Each of

ials shall be maintained in its\eriginal clean, unscratched condition.

cy with which this stahdardization is performed depends on many factors, includin
rument, the environmeéntal conditions in which the instrument operates, the req
the result and therdimber of measurements. For most applications, an interval of 8 h o
ceptable.

ndardization'step has been performed, it is important to verify the success of the proce
1g one or‘a series of verification standards and comparing the resulting colorimetric v

o the
hired
r 100

dure
hlues

ginal.values for these materials. If the measured values do not fall within an acce

omr‘their original values, the standardization is not considered valid. The numbgr of

ptable
standards and the acceptability limits depend on user requirements, but are typicallE one

to three standards and an acceptance limit of 0,20 CIEDE2000 D65/10° units.

6.2 Sampling

Given that this is a non-destructive test, the whole leather sample can be used as a specimen. In addition,
the measurement can be used to verify colour differences between different areas of the leather. The
sample shall be as big as possible to be able to take many different measurements at different spots.
The higher the number of measurements, the more representative the test result. At least three
measurements shall be taken at different spots on the leather sample. For structured leather surfaces,
for example suede or velour, and leather pieces with variable colour, at least five measurements shall be
taken. For large leather pieces at least six measurements shall be taken at different spots.
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Measuring procedure

6.3.1 Condition the specimen according to ISO 2419.

6.3.2 Calibrate the instrument according to 6.1.

6.3.3 Present the specimen to the colour measuring instrument following any special techniques
required for the type of finish of the leather being measured. The following handling techniques according
to the type of leather finish shall be observed.

ueded articles (suede, split, nubukJ:
olour measuring. Suggested measurement is with geometry d/8° and SPINC (specul
pecularity.

lossy finishes (patent leather, metallized leather): to remove the gloss,éffect on th

instrument shall exclude the specular component for colour measurement, or adoptin

6.3.4
and

6.3.5

5°/0 geometry.

niline finish: when there is a glossy finish, the gloss effect shallbbe removed by e
pecular component for colour measurement or adopting a 0/45%//45°/0 geometry.

igmented or semi-pigmented finish: no handling <technique is required bsg

easurement. Included or excluded specular depending 6n the glossiness of the samplg¢.

ool-on skins: gently brush the wool fibres in one ‘direction before colour measurin
easurement is with geometry d/8° and SPINC (sp€cular included) specularity.

Measure the specimen colour and obtaingthe spectral reflectance values, the tristin
or the L* a* b* absolute coordinates of the-CIELAB colour space.

For the determination of the difference in colour between two leathers, first take

leathler colour measurement using the ¢olour reference, according to 6.3.3 and 6.3.4, and t}

in th
diffe
stang

7

7.1

Most
measg

e same way the colour of the specimen on which the difference in colour is to be determ
rence values are expressed Sn\CIEDE2000 units, with reference to light source (norma
lard observer angle (2° p1"10°, normally 10° for CIEDE2000).

Method of calculation

General

calculations of colorimetric nature are performed by the software being used to opera
urjngdnstrument. In normal cases of reference to this method it will not be necessary fa

Ftion before
ar included)

e colour, the
ga0/45° //

kcluding the

fore colour

h

p. Suggested

hulus values

the absolute
len measure
ined. Colour
ly D65) and

re the colour
r the user to

of reference and sta

\dardization

7.2

Tristimulus values

The tristimulus values (X, Y, Z) are derived from spectral data and are the basis for all colorimetric
calculations, in accordance with ISO 11664-3. The exact (X, Y, Z) values derived from a set of spectral
data depend on several factors, including the wavelength range and interval of measurement and the
user's choice of illuminant/observer functions used in the calculation.

NOTE1 In order to obtain results that are compatible between users, the tristimulus values are calculated

according to ASTM E308-15[1]. Most calculations of tristimulus values are performed by computer programs and
a user therefore verifies with the instrument/software supplier that they are thus calculated.
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NOTE 2

One method to verify that the correct calculations are being made is to enter 100 % reflectance values

into the computer program and have the system calculate the tristimulus values. These values agree with the
values in ASTM E308-15:2015, Table 1[1], to the second decimal place for the illuminant being checked.

7.3 CIE 1976 L* a*, b*, C*qp and hqp

Calculate the L* a*, b*

the specime

L =116

n, in accordance with ISO 11664-4, using Formulae (1) to (5).

[£(ey)]-16

*ap and hgp values from the X, Y, Z tristimulus values for both the reference and

@)

a* =500

b* =200
where

)

Qx _(}
and

f(Q;)=
or

f(Q;)=

where i vari

{

hgp =ar

*

Cap =

expressed o

For these fo
in which it

(@) - f(@y)]

(@) - f(Q2)]

3
e 10> 55

841

108

6

4 3

+— if Q; <
jo, it (29]
es as X, Yand Z.

* *
az+b2)

:tan[b J

n a 0°to360° scale with the a* positive axis being 0° and the b* positive axis 90°.

*

a

rmulae; Xn, Yn and Zn are the tristimulus values of the illuminant/observer combin
isCdesired to calculate CIEDE2000 colour differences. The preferred illuminant/obs

(2)

(3)

(4)

(5)

htion
brver

combinatior

Table 1 lists

s D65/10%
the tristimulus values for D65/10° and five other illuminant/observer combinations.

Table 1 — Tristimulus values

Illuminant/observer combina- Tristimulus values
tions Xn Yn Zn
D65/10° 94,811 100,00 107,304
D65/2° 95,047 100,00 108,883
C/10° 97,285 100,00 116,145

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=f0510ac762cf1ca5c8bde3f0d4fcc690

ISO 22700:2019(E)
IULTCS/IUF474:2019(E)

Table 1 (continued)
Illuminant/observer combina- Tristimulus values
tions Xn Yn Zn
C/2° 98,074 100,00 118,232
A/10° 111,144 100,00 35,200
A/2° 109,850 100,00 35,585

7.4 Calculation of the CIEDE2000 total colour difference formula

Colofir difference in accordance with ISO/CIE 11664-6 is calculated using Formula (6).

2 2 2
oo = (kﬁ‘L J +[kigc ] J{ki];,, ] R (kigc ]{ kiI;H ] (©)
where
V=1L%
q' = a*(1 + G);
b' = b*;

5. =1+0,045C ;

5y =1+0,015C T;

[ AY LN [ AY [ AY
T=1—0,17cosLh —30J+0,24c05L2h J+O,32cost3h +6J—O,20cost4h —63J;
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Ry =—sin(2A0)R;
— 2
A®©=30expq— h —275 ;
25
_’ 7
a
RC_Z R N A

=V '
[c J +257

Mean hue angle and A® values are in degree units.

8 Testreport

ort shall include at least the following information:
re to this document, i.e. ISO 22700;
Is necessary for complete identification of the sample ‘and reference specimen(s) teste

fation of the spectrophotometer or colorimeterincluding the CIE geometry type,
e input data was obtained;

" the specular component was included or-éxcluded;
Uiew;
gy included or excluded;

hd model of the spectrophotemeter (including wavelength range and interval use
eter;

hinant and observer conditions used in the calculations (e.g. D65/10°);
est;

n presentation;

of readings per sample measurement;

DE2000 value(s) of the test specimen(s);

=

with

1) or

the AL, AC’ and AH’ values, if required;

able, the acceptability tolerance used in making pass/fail judgements (see Annex A);

if required, the CIELAB L*% a* b* C*;p and hgp values for references and test specimen(s) and the
associated AL*, Aa*, Ab*, AC*,p and AH*yp values;

any other relevant results.

The test rep
a) referen
b) all deta
c) identifi
which t
d) whethe
e) areaof}
f) UV ener
g) make a
colorim
h) the illuy
i) date of{
j) specimg
k) number
1) the CIE]
m)
n) ifapplic
0)
p)
8
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Annex A
(informative)

Background to standard procedure for measuring the colour of

finished leather

A1l

Colofir measurement with a reflectance spectrophotometer and the calculation of célouir di

coloy
and (

The }
obse
D65
pring

Seve
valug
algof
was

tri-d
diffe
expld

Itis g
first
stan

A2

CIE dlefined the standard.illuminant D65 as reference daylight spectral distribution as

reprg

The
and
stan
u'10 Y

General

Ir difference formulae can reproduce the average human perception under standard
an predict metameric behaviour.

reference conditions considered for calculations are related to colour-pefception varig
Fver — object). The typical conditions set by CIE (Commission Infernationale de I'Eq
lluminant (standard lightning source emitting at a 6 500 K coléur*temperature based

iple).

Fal colour difference algorithms have been proposed in r€cent years to adapt colour m
s to equal perceptual differences and tolerances in any area of the colour space. E
ithms was based in a different mathematical or geometrical approach. The easiest
CIELab (adopted in 1976) which proposed the calculation of the distance between tw
mensional space. Most of the early algorithms.could not express uniform colour toler4

iined in the following paragraphs.

lear that to adopt a colour difference algorithm defining standardized viewing conditiq
adopt a standard for visual assessment of colour and colour differences, and cor
dard test method for measuring colour on finished leather.

Visual assessment-of'colour and colour differences

psents a phase of daylight with a correlated colour temperature of approximately 6 50

standard methed of assessing the spectral quality of daylight simulators for visu
measuremént of colour was defined by CIE in ISO 23603:2005[3]. It defines different
lard D65\illuminants based on spectroradiometric measurements, defining a referer
’10 chromaticity coordinate, and a quality grade classification based on the metameri

[fferences by

conditions,

bles (light -
lairage) are
on Planck’s

easurement
hch of these
to calculate
h points in a
nces within

Fent areas of the colour space. The evolution.ef'the main ISO International Standard allgorithms is

ns, we must
1sequently a

bpes(W)(21. It
K.

al appraisal
qualities of
ce CIE 1976
" index.

Light

booths should be a matt neutral grey, for example Munsell N5/N7, so as not to influen

ce reflected

light

A3

on the samples to be evaluated.

Colour difference formulae

In recent years, several colour difference formulae (AE) have been proposed by CIE, DIN and the Society
of Dyers and Colourists, among others.
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The first vectorial approach proposed by CIE to define the distance between two colours in a CIELAB
colour space was AEp, defined in 1976 as in Formula (A.1).

AE, =\/(AL*)2 +(Aa*)2 +(Ab*)2 (A1)

Although this formula can define colour differences as arithmetic distance in a CIELAB colour space,
perceived colour differences and tolerances are not uniform within the colour space due to human
perceptual differences. This colour difference formula was adopted by ISO 105-J03V in its original
version.

In 1984 the fociety of Dyers and Colourists proposed the CMC (I:c) formula, correcting from rectangular
tolerances tp ellipsoidal tolerances. This is shown in Formula (A.2)

* * \2 * * \2 * 2
" Ly-L Cy—C AH
AEcyc (l:e)=,[| 21 | +] 221 | +] =2 (A.2)
ISL CSC SH

The ellipsoil semi-axes from the Lg* C*;p,r and hgp, g of the reference sample ape'cdlculated as follqws:

,040975L .
S, = R__if Ly >16

(110,017 651

or S, =0,511 if L <16

Se :[0,063 8Capr /(1+0,0131C, )}+0,638

Sy=(FT+1-F)S,

T=0,3¢+/0,4cos|35+h if h >345° or h. <1642; or
ab,R ab,R ab,R

T:0,513+||0,2cos(168+hab'R )| if 164°<hyy g <345°.

DE CMC (I:c) is a good approximation of perceptual colour differences, but some nonlinearities can
be found in the medium grey shades and the boundaries defined by the T values, and because of the
quasimetric approach of this algorithm. ISO 105-J03:2009(4] adopted this colour difference formula for
the textile industry, replacing the original ISO 105-J03:1995.

CIE defined a new algorithm which solves these differences. The new formula, ‘CIEDE2000 total colour
difference formula’, was adopted as an International Standard in ISO/CIE 11664-6. This new algorithm

1) The same formula is proposed in the Norm UNI 9000 as UNILAB formula.
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