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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tpsk of technical committees is to prepare International Standards. Draft International Stand;ers
adopted by the technical committees are circulated to the member bodies for voting. Publication ag an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is|drawn to the possibility that some of the elements of this document may be the ‘Subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 105-Af1 was prepared by Technical Committee ISO/TC 38, Textiles, Subcommittee SC 1, Testq for
coloured tektiles and colorants.

—

ISO 105 copsists of many parts designated by a part letter and a two-digit serial number (e.g. A01), under the

general titlg Textiles — Tests for colour fastness. A complete list of these pacts is given in ISO 105-A01.
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Textiles — Tests for colour fastness —

Part A11:
Determination of colour fastness grades by digital imaging
techniques

1 |Scope

Thig part of ISO 105 specifies the requirement for a digital imaging system for use in the'methods [specified in
Anrlexes A and B for the determination of change in colour and staining by digital imaging techniqies.

Thig method is not suitable for assessment of colour fastness to light as describedyin the ISO 105 B series, as
thege standards do not use grey scales to assess the specimen.

Thig part of ISO 105 describes apparatus, equipment settings and calibration for the assessment ¢f
— | change in colour, and

— | staining.

2 |Normative references

Thg following referenced documents are indispensable for the application of this document| For dated
refdrences, only the edition cited applies. For undated references, the latest edition of the referencefl document
(including any amendments) applies.

IS 105-A01, Textiles — Tests for colour fastness — Part A01: General principles of testing

CIE]") Publication S 012/E, Standard méthod of assessing the spectral quality of daylight simulators fpr appraisal
anal measurement of colour

CIE| Publication 13.3, 1995, Method of measuring and specifying the colour rendering properfies of light
soufces, 2nd edition

3 |Terms and-definitions

For|the purpgses of this document, the following terms and definitions apply.

NOTE System grey shall be approximately between Munsell N5 and N7 and within CIELAB Lightness value of 50 or
70 £ 2,0 and CIELAB Chroma value not exceeding 2,5 in any hue direction under D65 and CIE 1964 standard colorimetric
observer, respectively.

1) Commission Internationale d’Eclairage, Central Bureau, Kegelgasse 27, A-1030, Vienna, Austria.
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3.2

verification chart?)
chart consisting of a series of colour patches of known colorimetric values

See Annex

3.3

C.

system software

software re

quired to control and operate the digital camera

3.4

white tile

tile whose ¢olour is certified and traceable to a national standard

EXAMPLE Standard provided by the National Physical Laboratory in the UK.

3.5

operator-selected area

assessmentt for either staining or change in colour where the system operator manually selects both the locdtion
and size of[the specimen test area for the reference and tested pieces

3.6

automatic |grading

assessment for either staining or change in colour where the system software selects both the location fand
size of the gpecimen test area for the reference and tested pieces

4 Apparatus

4.1 Geng¢ral

The test agparatus consists of a verified digital caméra (4.2)3, which is mounted on an illumination cabinet
(4.3) that gjves a controlled and consistent lighting-environment. Specimens may be presented for gragling
individually] in multiples, or in one of a series-of-pre-defined templates depending on the type of test bging
carried out| The operator shall manually select-the area to be assessed for grading.

Automatic grading (3.6) of specimens (is\permitted, provided that the grades produced by this method agree

with those achieved by the OperatortSelected Area method (3.5).

The equip
manufactur

4.2 Digital camera

4.21

Digital camera specification

ent shall be maintained and calibrated or verified, as appropriate, in accordance with
er's instructions.

the

4.2.1.1 Resolution

The digital camera shall have an effective resolution of not less than 3,0 M pixels.

2) A verification chart as described in 3.2 and Annex C is manufactured commercially as the DigiEye DigiTizer® series
camera calibration chart and is available from VeriVide Limited, Quartz Close, Warrens Business Park, Enderby, Leicester,
LE19 4SG, United Kingdom. Tel: +44 (0) 116 2847790; Email: enquiries@verivide.com This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

3) The apparatus as described in Clause 4 with software as described in Annexes A and B manufactured commercially
as the DigiEye® is available from VeriVide Limited, Quartz Close, Warrens Business Park, Enderby, Leicester, LE19 4SG,
United Kingdom. Tel: +44 (0) 116 2847790; Email: enquiries@verivide.com. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of this product.
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4.2.1.2 Optical zoom

The digital camera shall be capable of capturing the whole of the specimen assessment area in one image.
In order for the image quality to be preserved, any adjustment of the focal length of the camera necessary to
capture a suitable image shall be by optical means rather than digital.

4.2.1.3 PC connection

The camera connection to an external computer is done by using a suitable connection for image capture,
download and camera control.

4.21.4 Camera settings

Thg system software (3.3) shall control all camera settings and shutter release operations'needed for routine
setyp and imaging. The system software shall have a provision to store and set the operating settings required
for dlifferent grading requirements.

4.2]2 Camera mounting

Thg digital camera shall be mounted on top of the illumination cabinet (4.3):at zero degrees to the hormal with
respect to the tested specimen. The camera mounting shall allow adjustment of the camera leng position to
allopv parallel alignment to the specimen assessment area.

The height of the camera above the assessment area is such thatit will accommodate the required focal length
of the lens and capture the whole of the defined assessment atea within the image.

4.2,3 Camera verification

4.23.1 General

Theg function of the camera verification is_to“verify the camera output for each pixel in an image|in terms of
CIE| XYZ data. The verification is then applied to all subsequent images used for digital grading. The camera
calipration is done using a digital verification chart as described in Annex C.

4.23.2 Verification interval

Thg camera shall be verified

— | at system start-up;

— | if the camerasettings are changed, and

— | at the manufacturer’s recommended verification time interval.

4.2.3.3 "\ Verification time

The time and date of the current verification shall be recorded in the system software and be accessible to the
user. The system software shall indicate to the user when the recommended verification period has expired.

4.2.3.4 \Verification performance

The verification performance of the digital method is expressed in terms of repeatability and accuracy. The
results shall be expressed in terms of the median and maximum CIEDE2000 colour difference between
the known and measured values of the digital verification chart. The procedures to conduct these tests are
described below.

The system software shall store a summary of the verification performance for the current verification such that
it is easily retrievable by the user.

© 1S0O 2012 — All rights reserved 3
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4.2.3.5 Accuracy test

The digital imaging apparatus (4.2) shall be verified within the time period as specified by the manufacturer or
at 8 hourly intervals, whichever is sooner.

For each colour patch in the verification chart, the CIEDE2000 colour difference value shall be calculated
between the prediction from the digital method and the measurement from a spectrophotometer which has
been calibrated with white tiles (3.4) certified as traceable to a national standard, such as the National Physical

Laboratory

in the UK.

The median and maximum CIEDE2000 colour difference values shall be recorded in the system to represent

the accuragy performance.

The accuracy shall be deemed satisfactory if

CIEDE2000 maximum is less than 5,0, and

CIEDE]2000 median is less than 1,0.

4.2.3.6 Repeatability test

The repeat

Ten conseg
in the verifi

The arithmsg

The CIEDE

bility test shall be carried out at frequent intervals in accordance with the'manufacturer’s instructi

utive measurements of the verification chart shall be as defined-infAnnex C. All colour patches U
cation routine shall be measured and recorded by the systenn;

tic mean values of the CIELAB L*, a* b*, C* and h attributes)shall be calculated for each colour p3

F2000 colour difference values shall be calculatéd” between the mean and each indivi

measurement for each colour patch.

The mediar

The medig
repeatabili

The repea

CIEDE
CIEDHE

4.3 [lllum

4.3.1

The cabine

of the CIEDE2000 colour difference values-shall be calculated for each colour patch.

n and maximum CIEDE2000 colour( difference values shall be reported to represent
performance.

Ibility shall be deemed satisfactory if

2000 maximum is less than_ 1,0, and

2000 median is less than'0,4.

ination cabinet

Genleral

shall

pNS.

sed

tch.

jual

the

be of s

be of a

diffuse

have opague

ufficient area to accommodate the samples being assessed,

height to provide even illumination, and

illumination with no direct illumination from the light source.

The digital camera shall be mounted as described in 4.2.2.

have the lighting configuration and internal surfaces such that the illumination of the specimen area is by

© 1SO 2012 — All rights reserved
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4.3.2 Illlumination

4.3.21 Quality

The illumination shall be provided by a D65 simulator to give an illumination level of not less than
not greater than 900 Ix at the assessment area surface.

400 Ix and

The spectral output of the D65 simulator shall be of sufficient quality to achieve a ‘B’ or better rating in the

visible region for CIE illuminant D65 and CIE X’ and ‘y’ chromaticity coordinates of 0,313 and O

,329 £ 0,03

when measured conforming to CIE S 012/E. The CIE General Colour Rendering Index of the D65 simulator

shall be greater than 95 conforming to CIE 13.3

In grder to maintain the illumination quality, the D65 simulator shall be changed after a period\n6
12 honths, or in accordance with the manufacturer’s instructions.

4.32.2 Evenness

Theg variation of illumination level across the specimen assessment area shall pebbe greater thar
total lux output.

4.32.3 D65 simulator

Theg quality of the D65 simulator and the lux levels of the cabipefhillumination shall be checke
conformance to 4.3.3.

The D65 simulator requires a minimum of 10 min to reach a stable operating condition after switch-on

A 065 simulator warm-up procedure shall occur whenthe D65 simulator has been turned off f
exceeding 10 min.

4.3]3 Specimen assessment area

Theg size of the assessment area for specimén measurements shall not be greater than 300 mm x 2
cenfre of the assessment area shall be located at the centre of a captured image.

Theg surface of the assessmentsarea shall be a low gloss (less than 2 gloss units) finish and
durability to maintain its colour‘tolerance during normal use and cleaning.

4.34 Specimen masks

If specimen masks{are used, they shall be of system grey (3.1) and of thickness that does not cag
ontp the assessment area of any specimen.

exceeding

4 % of the

l to ensure

prior to use.

or a period

10 mm. The

bf sufficient

t a shadow
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A1 Ge

The original and tested specimens are measured. The area to be measured may be selected by eithér, of

Annex A
(normative)

Assessment of the change in colour of a test specimen

neral principle

‘Operator-Yelected Area’ (3.5) or the ‘Automatic Grading’ methods (3.6) defined in Clause 3 of dhis pa
ISO 105. The colour difference between them is calculated in CIEDE2000 units and converted té.a-grey s
rating for clange in colour by means of an equation.

A.2 Tenms and definitions

A.21

original specimen

reference s

A.2.2

tested spe
specimen W

A.23

uniform cd

area that is

NOTE
shall be disr

A.24

pecimen for the assessment of change in colour as defined in ISO 105-A01

cimen
hich has been subjected to a fastness test for change.in-colour

loured area
visually perceived as uniform in colour overthe area under test

bgarded for the purpose of this definition.

non-uniforim coloured area

area that is

NOTE
shall be disr

A.2.5
multi-colo

specimen g

A3 Ap

visually perceived as non-uniform in colour over the area under test

Fffects such as texture, gloss or other physical characteristics that may influence the visual colour appears
pgarded for the purposeé. of this definition.

ired test specimen
omprised.of 'more than one coloured region within the selected test area

the
t of
cale

Fffects such as texture, gloss or other physical characteristics that may influence the visual colour appeargnce

nce

paratus

Use the digital imaging apparatus as defined and verified or calibrated as described in Clause 4 and Annex C.

A.4 Test secimen preparation

The origina

| and tested specimens are mounted using staples on visually uniform white paper or card.

A.5 Procedure

A.5.1 Single colour test specimens
A.5.1.1 Measure the colour of the original specimen.
6 © 1S0 2012 — All rights reserved
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A.5.1.2 Measure the corresponding colour in the tested specimen. For uniformly coloured areas the arithmetical
mean shall be employed in the calculations.

If any colour in the test specimen is visually non-uniform, then by agreement with both parties the area of worst
colour change may be determined. In this case, the area is selected by the ‘Operator-Selected Area’ method
(3.5) and shall correspond to the area of worst colour change, rather than the whole of the selected test area.
If the “Operator-Selected Area” method is used, it shall be stated in the report.

A.5

.2  Multi-colour test specimens

For each colour in the original specimen, repeat the procedure for single-colour test specimens as outlined in A.5.1.
Eagh tested colour for multi-coloured test specimens shall be reported separately.
A.53 Software
The software shall calculate the CIEDE2000 colour difference, AFpo, and the magnitude of the CIEDE2000
lighiness difference, ALgo, between the average values of all the pixels of the s€lected areas for|the original
and|the tested specimen, to two decimal places.
A.54 Calculation of grades
A.5|4.1 Calculated grade
Calgulate, to two decimal places, the grey scale rating for change in colour (GRC) using the followipg equation
GRC = 0,88 + 3,89¢70.208 56
whgre
2 2
AEgRre = AEgg — 0,52y AEq — ALjg
and| AEgo calculated with k7, = 1,0, k¢ =0,5
kr = lightness weighting parameter for DE2000;
kc = chroma weighting ‘parameter for DE2000.
A.5(4.2 Determination of grey scale rating
Determine from Table A.1 the grey scale rating for change in colour to be reported.
Table A.1 — Grey scale rating for change in colour (GRC)
Calculated GRC Reported GRC
5,00 to 4,75 5
4,74 to 4,25 4-5
4,24 to 3,75 4
3,74 10 3,25 3-4
3,24 10 2,75 3
2,74 10 2,25 2-3
2,24 10 1,75 2
1,74 t0 1,25 1-2
<125 1
© 1S0O 2012 — All rights reserved 7



https://standardsiso.com/api/?name=c354a4dd049a601ed7efce70c4519ddb

ISO 105-A11:2012(E)

A.6 Test report

The test report of the colour fastness test concerned shall include the following information:

a)
b)

c)

d)

A.7 Performance

the number of this part of ISO 105, i.e ISO 105-A11:2012;
the date of assessment;

the grey scale rating for change in colour (instrumental) from Table A.1; for multicoloured samples, each
colour shall be reported individually;

any demiations-from-this-method

The combirjation of the digital imaging apparatus described in this part of ISO 105 and the fastness formula for
assessing ¢hange in colour in A.5.4 performs well in predicting fastness grading. According.to the study by|Cui
et al, the typical error of prediction is approximately 0,40 grades, which is much more ac¢curate than the inter-

observer ( fechnician) error of 0,61 and between-lab error of 0,53 grades (see Annex-D).

© 1SO 2012 — All rights reserved
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Annex B
(normative)

Assessment of staining of a test specimen

Principle

The
in g

The
me

carl
adjd

B.4

B.4.

B.4

be individually measured. It maybe&'desirable to use stored data for the original specimen provided
othined from the same batch.of standard material.

Me

car*. The original may be initially measured and the results stored in order to compare with the

IEDE2000 units and converted to a grey scale rating for staining by means of an equation-

Apparatus

Test specimen

original and tested adjacent specimens are mounted using staples on a visually uniform wh
surements of the tested adjacent specimen which has been subjected to a fastness test. T

ied out within one calibration period provided the adjacent specimen is from the same batch
cent material.

Procedure

1 Single-colour test specimens

sure the corresponding)component of the tested adjacent specimen.

1.2 For visuallyyuniformly stained areas, the arithmetical mean shall be employed in the cal
colour in thetested adjacent specimen is visually non-uniform, then by agreement with both
of worst-staining may be determined. In this case, the area selected by the ‘Operator-Sel

the digital imaging apparatus as defined and calibrated as described in Clause 4 and Annex (.

1:2012(E)

original and tested adjacent specimens are measured. The colour difference between thém'i$ calculated

te paper or
Subsequent
[his can be
of standard

1.1 Measure the original specimen. In the case of a multifibre adjacent specimen, each component shall

the data is

culations. If
parties the
ected Area’
area. If the

Where it is possible to visually determine the staining corresponding to each colour within a multi-coloured
test specimen, the staining results for each colour shall be reported separately. For each colour in the original
specimen, repeat the procedure for single-colour test specimens as outlined in B.4.1 and report each tested
colour separately.

Where multi-coloured specimens produce non-discreet staining, the whole of the test area shall be assessed
as a single colour by following the procedure outlined in B.4.1.

© 1SO 2012 — All rights reserved
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B.5 Calculation

B.5.1 Calculate the CIEDE2000 colour difference, AEgp, and the magnitude of the CIEDE2000 lightness
difference, ALgo, between the average of all the pixels of the selected area for the original specimen and the
tested adjacent specimen, to two decimal places. Calculations shall be performed using the CIE 1964 (or 10°)
standard colorimetric observer and illuminant D65.

B.5.2 Calculate to two decimal places, the grey scale rating for staining (GRS) using the following equation:

GRS = —0,061AEGRs + 2,474(1 + ¢~0191AE )

where

2 2
AEGRs|= AEq —0,423/AEjg — ALjg

and AEqq cplculated with k7 = 1,0, kc = 0,5
k= lightness weighting parameter for DE2000;

ke = ¢hroma weighting parameter for DE2000.

B.5.3 Determine from Table B.1 the grey scale rating for staining to.be reported.

Table B.1 — Grey scale rating for staining

Calculated GRS Reported GRS

5,00 to 4,75 5

4,74 to 4,25 4-5

4,24 10 3,75 4

3,74 t0,3,25 3-4

3,240 2,75 3

2,74 to 2,25 2-3

2,24 t0 1,75 2

1,74 t0 1,25 1-2
<1,25 1

B.6 Testreport

The test report of the colour fastness test concerned shall include the following information:
a) the number of this part of ISO 105, i.e. ISO 105-A11:2012;
b) the date of assessment;

c) the grey scale rating for staining (instrumental) from Table B.1, for each adjacent fabric or in the case of
multifibre adjacent fabric, each component and for multi-coloured samples, each colour individually;

d) any deviations from this method.

10 © 1S0 2012 — All rights reserved
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B.7 Performance

The combination of the digital imaging apparatus (see Clause 4 and Annex C) and the fastness formula for
assessing staining in B.4 performs well in predicting fastness grading. The results of the interlaboratory trials
(see Annex D and Cui et al) are summarized below.

— Typical error:
— Digital instrument: 0,29 grey scale units

— Visual observer: 0,45 grey scale units

© 1S0O 2012 — All rights reserved 1
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C1 Pu

Annex C
(normative)

Verification chart

'pose

The purpos
CIE XYZ in

C.2 Nu

The chart 9

e of the verification chart is to characterize the RGB response of the digital camera in_term
order to facilitate colour measurement of any pixel within the image.

mber of colours in verification chart

hall have a minimum of 150 patches of different colours to ensure good measurement accu

across all the areas of the CIE colour space.

C.3 Re

Each colou
included, U
at least ann
values trac

C.4 Vel

The reflect
shall be us

At each sch
file shall bej

C.5 Vel
The colours

The size of
and make §

The mounti

ference measurement of colours used to produce the verification chart

V-excluded mode. The instrument shall be maintained according to manufacturer’s instructions
ually, its performance checked against a series of certifiable calibration tiles of known reflecta
bable to national standards.

ification chart measurement data
d as reference data for each cameraverification.
replaced.

ification chart specification

for a batch of charts shall be measured before cutting to ensure verification accuracy across batc

represeftative measurement; typically approximately 10 mm x 10 mm has been found suitabl

hg.af the colour patches to the chart matrix shall be done in such a way as not to contaminat

5 of

acy

patch in a batch of charts shall be measured using a diffuse/8.colour spectrophotometer in spectilar-

and
nce

nce data of each colour patch shall be recorded and stored with the system software. This ¢ata

eduled maintenance of the apparatus, a new verification chart and its corresponding spectral data

Nes.

the patches-of each colour shall be sufficient to allow the software to locate the individual colgurs

2}

-

e or

degrade th1e cojoured surface.

Each colour patch shall be separated by a black border and the border may be covered by a template mask to
provide additional strength and protection to the verification chart.

C.6 Verification chart location

The verification chart is located centrally within the sample assessment area on the cabinet base. The top of

the chart is

12

positioned such that it will appear at the top of the captured image.

© 1SO 2012 — All rights reserved
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C.7 \Verification chart replacement

The normal lifetime of a verification chart is 12 months in normal use, after which it is replaced. However, the
chart shall be replaced should it become damaged or otherwise unusable.

The corresponding spectral data file shall be replaced at the same time.

© 1S0O 2012 — Al rights reserved 13
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