TECHNICAL ISO/IEC
REPORT TR

24705

First edition
2005-10-15

reproduction
image reprodu

es pour
Huction

Reference number
ISO/IEC TR 24705:2005(E)

I1SO|IEC
sl o © ISO/IEC 2005



https://standardsiso.com/api/?name=87a1c697ee2bd385ec37ef236660bb9e

ISO/IEC TR 24705:2005(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

@%

© ISO/IEC 2005

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO/IEC 2005 — Al rights reserved


https://standardsiso.com/api/?name=87a1c697ee2bd385ec37ef236660bb9e

ISO/IEC TR 24705:2005(E)

Information technology — Office machines — Machines for colour image reproduction

Method of specifying image reproduction of colour devices
by digital and analog test charts
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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of information
technology, 1ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

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

The main task of the joint technical committee Is to prepare International Standards. Draft Interngtional
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publicat|on as
an International Standard requires approval by at least 75 % of the national bodies casting a vote:

In|exceptional circumstances, the joint technical committee may propose the publ [ Report
oflone of the following types:

— type 1, when the required support cannot be obtained for the publj
despite repeated efforts;

ndard,

— type 2, when the subject is still under technical developmen is the
future but not immediate possibility of an agreement on apt
— type 3, when the joint technical committee has collected i ki rmally
published as an International Standard (*
Technical Reports of types 1 and 2 are subyj ithi hether
they can be transformed into International Standards, T i hve to
be reviewed until the data they provide are ¢onsideredtp,be
Aftention is drawn to the posgibili ‘ batent
rights. ISO and IEC shall not be i i
Mmittee

ISO/IEC TR 24705, whic
ISO/IEC JTC 1, Inf'

This Technical Report ational Standard ISO/IEC 15775 and on the Draft Interngtional
Multipart ISO/IEC f 19839-1 to —4:2001 which together are identical to the multipart
stindard DIN 338€ . it was decided at the Ballot Resolution Meeting on DIS ISO/IEC 19839-1
to[-4 in Berlin tap e chnical Report instead of a multipart International Standard.
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Introduction

Background Information

This Technical Report is based on analog ISO/IEC-test charts with 16-step colour scales equally spaced in CIELAB.
The International Standard ISO/IEC 15775 for the specification of image reproduction of colour copiers uses analog
ISO/IEC-test charts with e. g. a 16 step colour scale between White W and Cyan-blue C which is equally spaced in

CIELAB.

In image technology for the output of the colour series W — C the four device coordinates cmyk (Cyan-blue, Magenta-
red, Yellow, Black) have been used for many years. If the coordinate of Cyan-blue is changed between zero and 1
and the other three are zero then the series W — C appears on the output, e. g. on an office colour laser printer or in
offset printing

Llneal ICIGLIUII IJUI.VVCCII ucvu,c G.Ilu C:ELAU \JUUIUIIIG.I.UO IUI UIII\.'U Q_yDLCIII-D
There |s much discussion in the field of image technology about the meaning of device coordinates, e. g. emyk or
rgb, fo[ printers and monitors and their relation to the L*a*b* data of the device independent colour space)CIHLAB.
The Infernational Standard ISO/IEC 15775 has produced new ideas how to define more‘meaningful device
coordipates which are called e. g. cmy0*, w*, olv*, 000n*. This Technical Report defingg the ca

betweegn the CIELAB coordinates L*a*b* of the analog ISO/IEC-test charts and dey

coordipates), e. g. cmy0*, w*, olv*, 000n*.
According to the International Technical Report ISO/IEC TR 19797 a linear yelati
e.g. the device coordinates cmyO* and the device independent coordinates \ AB*©
According to TR ISO/IEC 19797 the coordinate c* = 1 produces the Cya

produges the White reference paper and c* = 0,5 produces a colour whie

space [between Cyan-blue C and White W. The CIELAB data of th€ 16-S

blue afe calculated by the following linear equations

L*=Lw+ ¢ (Lc — L*w)

calculgted as mean of the CIELAB data of Cyan-t

Multi-$pectral CIELAB imaging and new device

If the gnalog ISO/IEC-test charts are scanned with th
reflectfon or transmission data of ap{/\ai ‘ 5 ined. i i erties
are called CIELAB scanners or ClI i ansfer
the LAB* data in the digital sca

Digita| ISO/IEC-test charts with néwN\jeyiceX
By the|calculation meth ‘

Charts
to the plevice coordinates, i$
device|data. The CIELAB S W of
the anplog ISO/IEC-test €hakts s d colours of offset printing are less than the CIELAB colouyr
differepce of AE* = 3,This IS the AEY toletance value specified in ISO/IEC 15775 as reasonable for office equipment
image|technology. Sui 2leNe yction data of the present analog ISO/IEC-test charts the standard

coloufs of off 0q d as default device data, e. g. cmy0*, w*, olv*, 000n*, in the digital ISO/IEC-test
charts| Example ~

This Technical Repo and ISO/IEC 15775

Tpble 0-1: Application of this Technical Report and ISO/IEC 15775 for specifying image reproductjon

Input  |Output |Input and output media and applications Technical Report
Input media Output media|Application |(TR) or Standafd
- - - - Basis TR ISO/IEC 24705
analog |analog |ISO/IEC-test chart (hardcopy) Hardcopy |Copier ISO/IEC 15775
analog |digital [ISO/IEC-test chart (hardcopy) File Scanner |TRISO/IEC 24705
- . Hardcopy |Printer TR ISO/IEC 24705
digital |analog [ISO/IEC-test chart (file) {Softcopy Monitor TR ISO/IEC 24705

TR24705/T1TA000.PS

Vi @ISO/IEC 2005 - All rights reserved
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Table 0-1 includes the applications of this Technical Report and ISO/IEC 15775 to specify image reproduction
properties.

This Technical Report describes the classification and a basis for the production and application of analog and
digital ISO/IEC-test charts. It describes methods for the specification of image reproduction properties of colour
devices. The International Standard ISO/IEC 15775 and this Technical Report define visual and colorimetric
methods to specify the image reproduction properties of colour systems. A colour system includes the black box
between input and reproduction of digital or analog ISO/IEC-test charts.

The area of the colour copier devices with the reproduction process “analog —analog” is excluded here as this area
is already covered by the International Standard ISO/IEC 15775. There is a close relationship to the other
reproduction process types “analog — digital” and “digital — analog” which require similar specification methods
and corresponding digital and analog ISO/IEC-test charts. The different reproduction processes are defined in
ISO/IECTI5775 and this Technical Report.

This Technical Report consists of: Q<O
Sectipn 2. to 6.: Method of specifying image reproduction of colour systems by digital and analog)@@cha ts —
Q

Sectipn 7. to 9.: Method of specifying image reproduction of colour systems by digital ifput \ put as

Secti¢pn 10. to 12.: Method of specifying image reproduction of colour systems b S butput
for colour image reproduction devices:“analog — digital” (Scanners) — Apf

Sectipn 13. to 15.: Method of specifying image reproduction of colo ; al input and analog putput
as softcopy for colour image reproduction devices:“digital — analag” {f S pplication and realisation.

Equal relative CIELAB spacing of analog and digital ISO/IEC

This Technical Report is based on analog and digital 1ISO/I
equally spaced in CIELAB between white W and the six ¢

CMYOLV colour names of -
hexiagon n ISO/IEC 15775 complementary
» hueplanes A==

AE*=5.18
.l

18

colour names of
I SO/IEC 15775

. \ Transfer TLS18: Television L uminous System
three:basic colors three mixed colors L* =18

TR24705/E8370-61 TR24705/B2410-2N
ative CIELAB spacing of 16 steps for different hue and lightness

Fig. 011 shows onthe [&ft:side 16 gqually spaced steps in the CIELAB colour space between White W and th¢ six
chromatic colours CM Nis spacing is realized in analog ISO/IEC-test charts by different manufacturers.

On the right two _egt ed series between White—Orange-red (W —O) and White—Cyan-blue (W-C) are [shown
on both mon@nd printers. It is intended here to have equal relative spacing in the CIELAB colour space gn both
the printer monitor under standard office conditions. Standard office conditions for colour control are defined by
the st@ daylight CIE illuminant D65 and approximately equal luminance of the white monitor and the illuminated
white r

(e. q.in special cases in a light booth). This Technical Report and the figure on the right side assyme a
monitor black with the CIELAB lightness L*=18 as standard. This lightness is produced by a standard luminance
reflectance Y,=2,5 of the standard ambient light on the monitor surface.

For chromatic colours, equal CIELAB data on the monitor and for printer output are not intended. A relative
reproduction is intended which has the following main advantages for the 16-step colour series of the ISO/IEC-test
charts:

1. All Landolt-rings are recognized on both devices for the light (0-1), the medium (7—-8) and the dark steps (E-F).
2. The recognition of the rings is optimized because the largest possible CIELAB difference is produced.

3. The whole device output colour space is filled which is desired by many applications, e. g. digital photography.
4. Linearized device systems need much less measurement data for profiling compared to unlinearized data.

@ISO/IEC 2005 - All rights reserved Vil
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5. The relative reproduction is approximately an absolute reproduction, e. g. if the reflective analog ISO/IEC-test
charts or other originals are reproduced on printers with 8 basic colours similar to the 8 standard offset colours.

NOTE: When the CIELAB data of ICC profiles which are used to map the CIELAB input colours on the output
device do not include the information about the 8 device colours then the above simple relative reproduction
between the input and output space is very complicated. For example one must change all hues differently.

The digital ISO/IEC-test charts are equally spaced in digital coordinates between 0 and 1. Different device
coordinates, e. g. cmy0*, 000n*, w* and olv* are used in the digital ISO/IEC-test charts. The star (*) indicates a
linear relationship between the digital device coordinates, e. g. cmy0*, and the CIELAB coordinates L*a*b*.

NOTE: The International Technical Report ISO/IEC 19797 describes the linearization methods between
device coordinates, e. g. cmy0*, and the CIELAB coordinates L*a*b*.

files
He the
he
t files
N. Test
qtest
ing to
5
Liction
to-CD
bst
charts
For this the analog and digital ISO/IEC-test chal bl as
Siemeps-stars and Landolt-rings in different coloy . rs as
well ag 5- and 16-step colour series with equal spaci ' ) ificati i ion fis
based|on the differences between djgi sstcha i ion, i in terms
of resqlution, relative luminance akd co
The layout, content and requirerents.for the g i - i [ (75.
The I90/IEC-test charts are d i y and
with a three thickness b ices the
recommended illuminatio m? for
the white reference paper ¢ ce for
the whii 65 is
recom uired
for the|visual and colQri i the
lightngss L*y = ; the
same .
The 1SO/IEC-test char fi i in di [ [ ,€.0. , W, olv*, and
the abpolute CIELAB.coordindtes L*a*b*. See Annex N. This Annex recommends three digital ISO/IEC-test charts
for the|tests aceording to this Technical Report, but additionally other ISO/IEC-test charts of the list can be used if
appropriate, The test report requires that the forms of Annex A to Annex F be included. The ISO/IEC-test chaits of
the tegts appear in Annex E and Annex F.
The tepts.use the same test elements as for the test of colour copiers. See ISO/IEC 15775 and Annex N. The rolour

series between White W and CMYOLYV is tested but e.g. the series between Black and CMYOLYV are not included in
ISO/IEC 15775. The last series are usually approximately equally spaced in relative CIELAB if the series Black —
White is equally spaced.

There is no preference of this Technical Report for any operating system, application software, or device driver.
These properties are within a “black box” which influence the workflow of the device systems “digital — analog”
(printer and monitor systems) or “analog — digital” (scanner systems) between input and output.

Different CIE illuminants D65 and D50 in different International Standards

In this Technical Report, in ISO/IEC 15775 and in the monitor standard IEC 61966-2 the CIE illuminant D65 is
recommended.

NOTE: The International Standard IEC 61966-7-1 measures the CIELAB output colours for RGB input data for the
CIE illuminant D50.

viii @ISO/IEC 2005 - All rights reserved
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Information technology — Office machines — Machines for colour image
reproduction

Method of specifying image reproduction of colour devices
by digital and analog test charts

1. Scope

The colour reproduction properties of office devices, e.g. printers, scanners and monitors, may depend on the device
system, which includes e.g. the device properties and settings, the device driver, the file format, the computer
operatjng system and the application software.

The method of this Technical Report is to test how the reproduction changes if one or several of the parameters
are vafied, such as the device properties or settings, the device driver, the file format, the_.computer opérating
systenp, the colour space, and the application software. This allows manufacturers and Q get.&feeling gr data
about the influence of the different parameters on the reproduction.

2. Normative References

The fo
only th
amendg

I1SO 21
I1ISO 53
ISO 51
1ISO 24
I1SO 24

1SO 24
Sheet

ISO 3¢
I1SO 5¢
ISO 5¢
ISO 57
ISO 77
I1SO 71
ISO 84
1SO 84 ytica) i ents — Visual acuity testing — Method of correlating optotypes
1ISO 13 g — Spectral measurement and colorimetric computation for graphic arts inages
1ISO 12641:1997, Graphictechnotegy — Prepress digital data exchange — Colour targets for input scanner caliljration

ISO/IHC 15775: 1999;-Information technology — Office machines — Method of specifying image reproduction ¢f
colour|copying machines by digital and analog test charts — Realisation and application

ISO/C|E 10526:1991, CIE standard colorimetric illuminants
ISO/C|E 10527:1991, CIE standard colorimetric observers

CIE-pL h <43 3-1995 Colour rpndpring — Method of Mpaquring and Qppr‘ifying Colour andpring Pmpprtipc of Light
Sources

CIE-pub. 15.2:1986, Colorimetry
DIN 6160:1996, Anomaloscopes for the diagnosis of red-green colour vision deficiencies (or equivalent)

DIN 33866—1: 2000, Information technology — Office machines — Colour image reproduction devices, Part 1: Method
of specifying image reproduction of colour devices by digital and analog test charts — Classification and principles

DIN 33866-2: 2000, Information technology — Office machines — Colour image reproduction devices — Method of
specifying image reproduction of colour copiers by analog test charts — Application and realisation

ces,
any
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DIN 33866—3: 2000, Information technology — Office machines — Colour image reproduction devices, Part 3: Method
of specifying image reproduction of colour devices by digital input and analog output as hardcopy for colour image
reproduction devices: “digital — analog” (Printers) — Application and realisation

DIN 33866—4: 2000, Information technology — Office machines — Colour image reproduction devices, Part 4: Method
of specifying image reproduction of colour devices by analog input and digital output for colour image reproduction
devices: “analog — digital” (Scanners) — Application and realisation

DIN 33866-5: 2000, Information technology — Office machines — Colour image reproduction devices, Part 5: Method
of specifying image reproduction of colour devices by digital input and analog output as softcopy for colour image
reproduction devices: “digital — analog” (Monitors) — Application and realisation

DIN 58220-5:1996, Test of visual acuity — Part 5: General test of vision

IEC/C

ISO/IHC TR 19797: 2003, Device output of 16-step colour scales, output lirfe
specification of the reproduction properties

3. Tarms and definitions

3.1 Definitions
For the purpose of this Technical Report, the fo

311
colouf rendering
relation between the original colour of an object and it
illuminant or additionally after passi

3.1.2

originfl colour
the pefceived colour of an ob
colour|rendering

3.1.3
non-Iu
colour
3.14

standard tristimuy
colorinetric para

descri

NOTE 1 Standard tristimulus values X, Y, Z are mostly obtained as an immediate result of a colour

measurement

NOTE2 As standard tristimulus values X, Y, Z only allow statements referring to equality of two colours} for

statements made beyond that, e. g. concerning the kind and size of colour differences, non-linear

ransformmations of XY, Z o other cotorimetric parameters systenTs, preferabty imtothectotorimetric
parameters L*, a*, b*, are necessary.

3.15

colour difference AE*,,

see CIE publ. 15.2, page 95

3.1.6

lightness L*

see CIE publ. 15.2, page 95
3.1.7

chroma C*

see CIE publ. 15.2, page 95

2 @ISO/IEC 2005 - All rights reserved


https://standardsiso.com/api/?name=87a1c697ee2bd385ec37ef236660bb9e

ISO/IEC TR 24705:2005(E)

3.1.8
Landolt-ring

standard optotype defined by a ring with an open segment which can be in eight different positions
3.1.9
halftone technique
production of intermediate tones such as grey using only black and white pixels
NOTE In offset printing a halftone cell of a square width 0,16 mm may be filled by 16 x 16 single points with
the square width 0,01 mm. This technique allows 256 grey steps which are not visually equally spaced.
3.1.10
continuous tone technique
production of mean tones, e. g. grey, by density variation of the (black) colorant
NOTE: In continuous tone (photographic) technique for the test chart material in A4 size the cells (or pixels) of
the square width 0,16 mm may be filled by 16 x 16 single points with the square width 0,01 mm.

3.1.11
*-image (“star-image”)
includes colours defined by the colorimetric parameters L*a*b* of the CIELAB colo

NOTE: The *-image (“star-image”) includes colours (of the colour pixels o her in
pbsolute (LAB*) or relative (lab*) coordinates

3.1.12

*-image (“star-prime-image”)

includes colours produced by a standard reproduction process of a cof e.and_is diferent than the *-inpage
NOTE: The *-image (“star-prime-image”) has different colorimetris parameters ed to

coordinates

3.1.13

*-image (“prime-star-image”)

is produced by the standard reproduction process of a co ice and-is-different than the *-image (“star-impage”).
NOTE: The "*-image (“prime-star-image”) is i i efined

3.1.14
standard image transformati

changes a *-image (“star-imag
imagel) into a *-image (“star-image”) (Fi

tar-

HostScript-

‘4andard image inverse image
. transformation o transformation y
-Hmage changes e. g. from -Image changes e. g. from -Image
LAB* to LAB*’ LAB* to LAB'*
oF Halst-te-Habt: — oF Halst-to-tabs —

PortableDocument-
(PDF-)image file:
LAB*- or lab*-file
CMY*- or cmy* -file
OLV*- orolv*-file

TR24705/T1BI011.PS

Figure 1: Standard and inverse image transformation
NOTE Fig. 1 shows that the standard image transformation changes a *-image (“star-image”) into a *-image

@ISO/IEC 2005 - All rights reserved 3
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(“star-prime-image”) and that the inverse image transformation changes a *'-image (“star-prime-image”) into a *-image

(“star-image”). There may be small differences between the input (in) and output (ou) in real applications.

3.1.15
inverse image transformation

changes a *-image (“star-image”) into a '*-image (“prime-star-image”) (Fig. 2) or changes a *-image (“star-prime-

image”) into a *-image (“star-image”) (Fig. 1)

PostScript-
(PS-)image file:
LAB*- or lab*-file

GMY2—or-crry=-file

QLV*- or olv*-file

inverse image standard image
. transformation transform
-image changes e. g. from change
LAB* to LAB'* LAB* t
or lab* to lab’* oyla *t

HortableDocument
(PDF-)image file:
LAB*- or lab*-file
gMY*- or cmy*-file
ALV*- or olv*-file

*-image

TR247P5/T1BI021.PS

NOTE(Fig. 2 shows that the inverse image trans rm
star-image”) and that the standard,
imagel). There may be small differer

3.1.16
additiye mixed colour
mixture of three colour lights

3.1.17
subtrgctive mixed colo

mixturg of three colq
3.1.18
hardcppy
output|(copy) of amimage i on paper or film material
3.1.19
softcgpy
output|(copy) of\an’image, typically on a monitor or display

“prime-

ge (“star-

NOTE Itis possible to illuminate a transparent material (e. g. negative or positive film) to digitize the image on the
transparency.

3.1.21
scanner system

based on hardware and software which produces a changed *-image (“star-prime-image”) from a scanned *-image

(“star-image”) with the achromatic colour data (w* or n*) or the chromatic colour data (cmy* or olv*).

NOTE The changed “star-prime-image” has the achromatic colour data (w** or n*) or the chromatic colour data

(cmy** or olv*).
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3.1.22

digital output data of a scanner system

include digital *-coordinates (“star-prime-coordinates”) with one (e. g. w* or n*'), three (e. g. olv* or cmy*"), four (e.
g. olvw** or cmyn*‘), eight (olvwcmyn**) or more digital output levels per pixel within a digital area of 4 bit (16 steps),
8 bit (256 steps) up to 16 bit (256 x 256 = 65 000 steps).

NOTE 1 The relative *-coordinates (“star-coordinates”) describe the equally spaced colour series in the CIELAB
colour space for offset printing. The CIELAB coordinates for offset printing are defined in Table 6.

NOTE 2: The 16-step colour series ( e. g. white—black or white—Cyan-blue) for ISO/IEC-test chart 1 and 2 are
visually equally spaced in the CIELAB colour space. An ideal scanner system produces for these steps digital
*-image data which are for n* or c* equally spaced in 16 steps in the decimal range 0 to 1, or the hexadecimal
range 0 to F, 00 to FF, or 0000 to FFFF.

NQTE 3 In general a scanner system will try to produce relative digital output values *-coordinates (“star-prime-
coqgrdinates”) nearly the same as the relative *-coordinates (“star-coordinates”) for the digital input d

3.2 CQolours in colour metrics, printing and television

)
) ‘!.

\k )

N

four elementary, hues in CIZLAB
colors 3

4 unique hues

TR24705f8151-3X 24705/E8370-22

i q ' s relative to the CIELAB chroma axes a*,bf
The cqlour metrics is based on|vi | the terms R, G, B, and J for red, green, blue, and
yellow|(,RGBJ") with e. g, xellow it erish nar reddish or red R as neither yellowish nor blueish. The
defined colours for (col' i 3 slevision differ significantly from the elementary colours and|it is
required therefore to have 6t CMYOLV" (C = Cyan-blue, M = Magenta-red, Y = Yellow, O =
Orangg-red, L
eleme i i cle(lefty and the four and six hues relative to the chroma axes a*, b* df the
CIELAB colour spacg’(ni

Table 1:Yerms tic colours, elementary colours and reproduction colours

AN

Achromatic.eoloyrs Elementary colours Reproduction colours
Q. "Neither-nor"-colours Television (TV), Print (PR)
Ve Photography (PH)
fi@chromatic colours: four elementary colours: six reproduction colours:
C.'f\l black (french noir) R red C cyanblue
U0 dark arev neither yellowish nor blueish ng manentared
o G green N
Z (?e“"a' grey geither yellowish nor blueish Y yellow
H light grey B blue O orangered
W white neither greenish.nor reddish L Ieafgreen
J yelow (frenchjaune) v violetblue
neither greenish nor reddish

TR24705/T1TA011.PS

The chromatic colours (CMYOLV)pg and (CMYOLV)qy, defined in printing (PR) and television (TV) differ very much.
For example, violet-bluepg and violet-bluet,, have a CIELAB colour difference of 74 (see Table 14).

NOTE: There is no generally accepted definition of the photographic (PH) colours.
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In the International Standard ISO/IEC 15775, the colours (OLV)pg and (OLV)+y are called OLV and RGB. This
distinction is necessary because the colours (OLV*)pg = OLV* of the ISO/IEC-test chart 4 (in halftone offset printing)
may be reproduced as colours OLV* on the monitor (absolute reproduction as far as possible) or as colours (OLV*)q,
= RGB* (relative reproduction). The goal of this Technical Report is a ,relative image reproduction“ within AE*< 3.
See Fig. 1.

The colorimetric data L*,a*,b* (compare 2.1.4) describe the achromatic colours by the visual attribute lightness L* as
well as the chromatic colours in red-green-(RG-)direction by the visual attribute RG-chroma a*, and the chromatic
colours in yellow-blue-(JB-)direction by the visual attribute JB-chroma b* (see 2.1.6 and 2.1.7).

4. |SO/IEC-test charts

4.1 General

The layout, content and requirements for production of ISO/IEC-test charts are defined in ISO/IEC 15775! Eight
examples in the two main colour spaces CMYN (CMYK) and OLV (RGB) are given in Ahinex

Analog ISO/IEC-test charts are produced in the standard format A4%) in high resolugion’(e 13608 _dpi in halftpne

(sintenpded colours”) both defined in the CIELAB colour space. The intended/colour I i .13.3.
The basic colours (CMY)pg of offset printing are defined in ISO 2846—1;499 X rs of

The digital ISO/IEC-test charts have been developed from the apalog ISOHECstest\charts. At the same time] the

4.2 CQontent and purpose of ISO/IEC-
The tept charts 1 to 4 include a frame area and a'picture : arts

and is|described in 4.2.1. The image area is differenti 5 tions
from 4.2.2.1t0 4.2.2.4.

4.2.1 Content and purpose of th
ISO/IHC-test charts 1 to 4 contajn a pictur |l ISO/
IEC-tept charts.The content and purpose of tke vell as the visual tests are described here. The pictuire

area i described in 4.2.

In the frame area there a

grey stales, and position mat
NQTE 1: The output 8 fra 8 i EC-
tesf charts. For exarple, if tex ; lor
tesf chart 3 or if 6plourmy P
NQTE 2: Thg“achro i es.
The digital file i bdes
(T)[or colour mod@syC) ang the second the file format PostScript (S) or Portable Document (D)?. There miy be
output differencés betweeprthe output in PS and PDF, so the format used must be specified.

tep

Use of textwith codes for identification:

Conteht:
The tektin-the frame rnginn may. describe the ISQ/IEC-test chart number,the ISO/IEC-BAM-identification code, the

ISO/IEC-BAM-reference material code®, the image file version of the test chart, and ordering information depending
on the manufacturer.

D For test charts in continuous tone the size may be different for technical reasons. The size must be at least 195
mm x 282 mm and it is required that the inner rectangle of the frame area be included. (See 4.2.1).

2) Adobe PostScript (PS) and Portable Document Format (PDF) are registered trade marks of Adobe.

3) BAM: Federal Institute for Materials Research and Testing, VI11.3901 “Visual methods and Image Reproduction for
NDT”, Unter den Eichen 87, D-12200 Berlin, Germany
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Purpose:

The text is for identification of the ISO/IEC-test chart. To fill out forms E and F the following informations are
necessary: test chart text (bottom text), identification code, material code, and the image file version of test charts
(see Annex E and F).

Visual test:
There is no visual test of text in frame region.

Test of copied lines of rectangle:
NOTE: An ISO/IEC-reference test chart satisfies the methods of this Technical Report if there are at least
complete lines for the inner (thicker line) rectangle. For this purpose there are between 4 and 20 lines on an
ISO/IEC-test chart.

Content:

On thdg test charts there are up to five rectangles which are 4 mm smaller on each side. The outer rectangle ig

definedl by the A4 format (297 mm x 210 mm).

Purpofse:

The fije frame rectangles help to detect the size of the device reproduction area vjs

Visual Test:

In a vigual test the number of lines on the ISO/IEC-test chart should be com

reproduced.

aberdf lines

D3

Test off 5-step grey scales:
Content:
There

Visual test:
In an gpproximated test a Yes or k [ grey
scales| If the four are different g testyesukimust |n' 8 oSt different grey scale compared to the average. A

test repult must also indicate the ioh ket or lighter) compared to the average.

Test of x- and y-scale @ ' height of the inner (thicker) rectangle:
Contept:
The inper (thicker) rectangle\ \ y width and height compared to the outer rectangle of the A4 format
(297 mm x 210 mm).
Purpofe:
The width and he 3 le serve to measure the x- and y-scale factors of the image reprodugtion
device,
Test: The width and b measured in x- and y-directions in mm for both the original and the reproddiction.
The x-Jand y-scale factor st be calculated.
OTE 1:The width and height of the inner rectangle is defined in PS-file (or equivalent) as 281 mm in
irection-and 194 mm in y-direction. To measure the two scale factors with high accuracy it is recommended
hat<beth the original and the reproduction be measured with the same ruler.

OTE 2: The corners of the inner rectangle or the position marks are often used to position colorimetri¢
instruments for automatic L*a*b* colorimetric measurements and to position the plates in four colour printing.

Visual test:
There is no visual test of the scale factors.

Test of shift for colour lines:
NOTE 1: Test charts are usually produced on colour material in colour mode (C). There are versions of test
charts 1 and 3 completely in black and white text mode (T), such as ISO/IEC-test chart 1 on black and white
photographic paper.
NOTE 2: In that case the following test is not applicable. For completely black and white production one can
omit the following specification of ,Test of shift for colour lines".
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Content:
The lines defining the inner rectangles are drawn in different colours which alternate in colour between black and the
colours C, M, Y, O, L and V.

Purpose:
The colours of the inner rectangle allow a visual test for the shifts of the colour lines C, M, Y, O, L and V compared to

the bla
Visual

ck line in horizontal and vertical directions.
Test:

In an approximated test a Yes- or No- decision is to be made wether the shift of the colour lines C, M, Y, O, L and V
compared to the black N line is greater than or equal to 0,2 mm (more than half of the line-width defining the inner
rectangle).

4.2.2 Content and purpose of the picture area

4.2.2.1

Picturp Al: Radial Gratings (Siemens-stars) N-W, W-N, N-Z, W-Z
Contept:

Radial
in dian
Purpo
Resoll
with th

Visual
Inaro

For a ¢
magni

Picturp A2 and A3: 5 o@

Content:

Picture A2 contains five visyg steps between white and black in two rows. A black N, a
white WV, is added. Pictur | S y spaced grey steps also in two rows.

In the ppper rows, the ) djacent, in the lower ones the grey steps are separated by the grey
backgiound.

For the page aga wha|& picture content a medium grey with a lightness L* = 50 £+ 2 was chosen fg
fields (according to & reflectance factor of 0,2 and a luminance reflectance of Y = 20).

On thg upper rows the L* of the CIELAB-colour system is stated above the individual grey steps. Th
steps ¢f halftone ISO/IEC-test chart 1 are produced using only the colour black for the photographic version a
from the four precess colours CMYN. This is because the colour black cannot be produced with sufficient acc
from these calours for the test chart. The grey steps of the continuous ISO/IEC-test chart 1 are produced by t

three

ISO/IEC-test chart 1 (Achromatic test chart with high lightness contrast)

gratings (Siemens-stars) in the combination of N-W, W—N, N-Z, W-.
neter.

Se:
tion test of colour reproduction devices. Differences can be 9y COMPANSOR ofthe stars in a test g
e stars in a reproduction of the chart.

test:

rocess colours CMY of the photographic process.

0 mm

hart

es not

riginal

r both

P grey
nd not
Liracy
he

IOTE 1:The theoretical values L* = 0 and L* = 100 for a black I\IU and white \A/J_ cannot be reached hed

ause

there are no completely absorbing or reflecting surfaces. For black (N) and white (W) in the 5- and 16-step
grey series the lightness values are described as L* and L*,. In the halftone ISO/IEC-test chart 1 they are

approximately 10 and 94 respectively. In the continuous tone ISO/IEC-test charts they are approximate
and 91 respectively. In the halftone ISO/IEC-test chart 3 they are approximately 18 and 95 respectively.

ly 7

The numbers between 0,00 and 1,00 in the respective rows describe the relative lightness | *,qaive betwWeen

black and white for the relevant grey steps.
NOTE 2: | *,oative results of the CIELAB lightness L*:

I elative = (L* = L*N ) / (L*w = L*n) (equation 1)
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Picture A3 shows the hexadecimal values above the individual grey steps of the lower rows.

NOTE 3: In printing technology, where paper white is taken as basis and the amount of black is described, the
grey scale begins with white and the hexadecimal coding 0 and ends with black and the hexadecimal coding F.

Purpose:

The reproduction of pictures A2 respectively A3 are useful in deciding whether the device is capable of
distinguishing the upper rows. If some greys of the upper rows look equal and cannot be distinguished then the lower
rows are intended for an optional measurement.

NOTE: For many fields of application a distinction in five grey steps is sufficient, while a distinction of as many
of the 16 grey steps as possible is desired for the reproduction of photographic pictures.

A human being is capable of distinguishing about 200 grey steps between white and black positioned side by
side

Visual test:
The ugder is to judge how many of the five grey steps in picture A2 or 16 grey steps in picture A3 can be distinguished
for the|upper row of the reproduction.

Picturp A4: Landolt-rings N-W
Contept:

The pifture contains 6 lines with 8 Landolt-rings each. For the Landolt-ring Arious

grey sieps of the 16 grey steps of picture A3 have been selected.
OTE: The values of the grey steps of the Landolt-rings and ba¢kgrouas cd) il
oding definition in picture A3

Purpofse:

The pitture A4 allows a judgement concerning the reproduc Q ! S

differepces between ring and background are in thi / iti . lower

three nows the difference is two grey steps.

Visual test

240

r inch (Ipi).
OTE: In the halft

technical limit of 751D

ere is

Visual test:

By anglogy wit the
naked|eye to dete

For an|exact examinatien, pti i ifyi - i i I pitch

lines cpn be recognized.

OTE 1:Colour reproduction devices have a fixed angle of scanning (normally horizontal or vertical). The
eproductions correspond to the angles of the copied pattern whose marked pattern structures are shown.
hese'are known in the printing business as Moiré-patterns and will be lower by an angle of 45°. Becayise of
hiSithe test chart 1 contains pictures with screens at two different angles. T

NOTE 2: The line raster pitch of 80 to 240 Ipi can normally only be distinguished by using optical aids, such as
a magnifying glass.

NOTE 3: In pictures A5 and A6 the one with the greatest Ipi (lines per inch) for which the lines and spaces can
be distinguished is a measure of the system resolution.

NOTE 4: Defects in output made using the test patterns A5 and A6 for areas with greater than 60 Ipi may not
be important.

NOTE 5: Rotating and moving the test patterns A5 and A6 to different locations on the imaging platen may
uncover additional reproduction defects and this is recommended.
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4.2.2.2 ISO/IEC-test chart 2 (Chromatic test chart with CMY-colours)
Picture B1:
The content of this picture can be chosen by the manufacturer of the ISO/IEC-test charts. This content should
include the 14 CIE-test colours plus Ny and white W, and a 16-step grey scale. In ISO/ISC 15775 a flower image
was chosen in test chart 2 and 14 CIE-test colours in ISO/IEC-test chart 4. The purpose of the flower image is
described here as an example.
NOTE: The Picture B1 of test chart 2 is equal in content to the picture D1 of test chart 4. A manufacturer may
use slide film material to photograph the picture B1 and negative film material to photograph the picture D1.

Picture B1: Flower image, 14 CIE-test colours plus black Ny and white W4, and 16-step grey scale.

Contept
The flqwer image of the chromatic test chart represents especially the colours which are found in nature andythese
are plgced against a neutral grey background. This serves to judge the true reproduction of these colours,
Furthgrmore the colours gold and silver have been included in the picture as metallic bg he additional CIE-test
colours plus black Ny and white W, and a 16-step grey scale may help to judge the fide eproduction
(see 4{2.2.4).
Purpofe:
Picturg B1 serves to compare colour fidelity of the test chart and its reproductieq. helps
to recqgnize colour shifts. The mainly neutral grey background has various Shadow
NOTE 1: The test chart is not for judgement of individual prefere y be
udged differently in different countries.
NOTE 2: An optional radial grating (Siemens-star N—W) ug art 4 helps to get some
nformation on pixel image resolution.
Visual test:
Clear {immediately conspicuous) relative differ ped.
Picture B2: Radial gratings (Siemens-stars)
Contept:
Radiallgratings (Siemens-stars) ing 0 and
20 mnj in diameter.
Purpofe:
Picturg B2 serves for the jodgement of xesQ : 9gs with a diameter of 6, 10 and 20 mm serve as guidle.
Visual test:
In a ropgh test one should de es not
exceed the chosen ring size\
For a detailed test the-grea
magnifying glass-6x§
NOTE 1: 7 5
NOTE 2: In St ¢ riginal
may be larger ths
NOTE 3: The,lowest resolution is usually the one for the radial grating W-Y due to the low contrast between
white and. yellow.
PicturpB3»14 CIE-test colours, black Ny and white W4, 16 equally spaced grey steps
NOTEPicture B3 s identical- topicture D3 of testchart 4

Content:

In the upper two rows the picture contains 14 CIE-test colours according to CIE-pub.13.3 along with black N, and
white W,. In the lower row the picture contains 16 equally spaced grey steps.

In the upper rows, the colours and grey steps are adjacent, and in the lower rows the colours and grey steps are
separated by the grey background.

For the page as a whole and medium picture content a medium grey with a lightness L* = 50 + 2 was chosen for both
fields with a reflectance factor of 0,2 or a luminance reflectance of Y = 20 (according to CIE-publ. 15.2).

Purpose:
Picture B3 serves for the judgement of relative colour fidelity of the reproduction.
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Visual test:

Clear (immediately conspicuous) relative differences of the 14 colours between the test chart and the reproduction
are to be judged (Yes or No decision). Should this not be the case, the number of distinguishable steps should be
stated.

Clear (immediately conspicuous) relative differences of the 16 grey colours between the test chart and the
reproduction are being judged (Yes or No decision). Should this not be the case, the number of distinguishable steps
should be stated.

NOTE: The test colours reproduced in the test chart show small colour differences compared to the test
colours defined in CIE-pub. 13.3. This fact can be ignored for the visual judgement since here the colour
difference between the original and a reproduction is assessed.

Picture B4: 16 visually equally spaced steps with the colours W—C, W—-M, W-Y and W-N
Content:

The pigture contains four rows with 16 colour steps each, using the colours C, M, Y and
hexadgcimal coding zero up to the colour with the hexadecimal coding F.
Purpofse:

Picture B4 serves for the judgement of different colour steps.

Visual test:

rting with'white apd the

For eakh of the four colours one should examine visually whether all 16 colour step i i Yes or
No degision). Should this not be the case, the number of distinguishable
NOTE 1: For a reproduction of photographic pictures the differeqti of the 16 colour steps as
possible for the individual colours is desired.

NOTE 2: In the W-Y row of the test chart 2 not all of the 16-stef isti sons.

Picturg B5: Script and Landolt-rings in four
Content:
The pitture contains (in four groups with the relative sizes 3 ngs in
the colours N, C, M and Y in each group.

Purpofe:
Picturg B5 serves for testing of reprod

Visual test:

Each Vertical line in everyindividual gropp
letters|or Landolt-ring respegtively i

Y with

Picturp B6 and B7:\.ando
Contept:
The piftures contai 3 i or the
Landolt-rings and the®dackground different colour steps of the 16 colour steps of the corresponding colours in picture
B4 havye been selected in‘each case. They differ by one or two colour steps in the blocks W-C, W—M and W-I\
respedtively and-by two or four colour steps in the block W-Y respectively.

NOTE:The values of the colour steps of the Landolt-rings and the background correspond to the hexadg¢cimal
values(in picture B4.

Purpoge:
Pictures B6 and B7 shall also allow a judgement of how the reproduction of characters on different backgrounds
depends on the difference between the chromatic steps of characters and the background.

Visual test:
For tests the recognition frequency of the Landolt-rings has to be judged according to 5.2.2.

4.2.2.3 ISO/IEC-test chart 3 (Achromatic test chart with medium lightness contrast)
The pictures of the ISO/IEC-test chart 3 correspond in relation to content, purpose and visual test to the ISO/IEC-
test chart 1. The grey steps differ in lightness contrast.
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NOTE 1: In halftone technigue the lightness L* varies between 18 and 96 in ISO/IEC-test chart 3 and L* varies
between 10 and 94 in ISO/IEC-test chart 1. For lightness L* of actual production test charts, see web servers
(Annex N).

NOTE 2: In continuous tone technique the lightness L* varies between 13 and 91 in ISO/IEC-test chart 3 and
L* varies between 7 and 91 in ISO/IEC-test chart 1. For lightness L* of actual production test charts, see web
servers (Annex N).

4.2.2.4 ISO/IEC-test chart 4 (Chromatic test chart with OLV-colours)
The pictures of the ISO/IEC-test chart 4 correspond to the ISO/IEC-test chart 2 in relation to content, purpose and
visual test.

NOTE: The Picture B1 of test chart 2 is in content equal to the picture D1 of test chart 4. A manufacturer may

Se Siide fitm materiat to photograpi the picture B1 and Negauve fimT material to photograpi the pictura D1.
In the pictures D2 to D6 of ISO/IEC-test chart 4 the OLV-colours are used instead of the CMY-colours usédyin|the
picturgs B2 to B6 of ISO/IEC-test chart 2.
4.3 Nlodes and production of ISO/IEC-test charts
4.3.1 Analog ISO/IEC-test charts
Table 2 and Table 3 show properties of the analog ISO/IEC-test charts in halftone and\cot Ous tone techn|que.
Table 2: Characteristics of analog ISO/IEC-test chartsdn haWet hnique
Characteristics Formula | Unit Requirements for tem{:\‘hs \ Test method
h [ halftone no. 1 no. i( O no. 0.4 according o
T\ \v IN
Format - - A4 /\A4 @ A4 SO 216
Reference Mass 2
(Area weight) ma g/m 85 0 150 SO 536
Stnoothness GL(Bekk)g . s >60 QSG >600 >600 1SO 5627
Opacity o} % ,\ 9 >90 >90 1SO 2471
Reflectance
fafctor @ QK%/ >84 >84 >84 1SO 1469
Liphtness M a
o black N L* CeLad \L\/_} <18 <18 <18
Liphtness N a
o g @ % >04 >05 >05 >05
Resolutiorcaf p em | 1417 1417 1417 1417 -
pifinting film A (dpi) | (3600) (3600) (3600) (3600)
Rhster distance um 7 7 7 7 o
Spot size ds um 21 21 21 21 o
dipmeter.
Mediam'colour d
reproduction R*ap,m 1 >87 >60 >87 >60
index
aTest according to CIE publ. 15.2, standard illuminant D65, 2° standard observer, 45°/0° geometry.
b Offset printing with printing inks on fluorescent free | SO reference paper. Contrast range: L*y =18, L*y = 96 according to 1SO 2846.
¢ Data of actual production samples: see"Technical information" on web site: http://www.ps.bam.de
d Calculated according to the method given in Annex G.

TR24705/T1TA021.PS
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Table 3: Characteristics of analog ISO/IEC-test charts in continuous tone technique

Requirements for test chart (type = c)

Characteristics Formula Unit Test method
¢ = continuous tone no. 1° no. 2 no. @ no. & according to
Format - -— | AL A4° A4° A4° 1SO 216
Reference Mass 2

(Area weight) ma g/m 225 225 225 225 1SO 536
Smoothness GL(Bekk)g | s >3000 >3000 >3000 >3000 1SO 5627
Opacity (@) % >905 >05 >05 >95 1SO 2471

5 iloerctance Rusr % >83 >83 >83 >83 SO 1469
Lightness

ofl black N L*cieLas | 1 <7 <7 <13 /‘g\ >

Liphtness * >
oflwhite W L*cieLaB 1 >91 >91 >91 Q

Resolution of ; cmt| 118 118 ) \1 —

priinting film (dpi) | (300) (300) 00 \ 300)

Rpster distance dr um 83 83 3 83 o

Spot size ds um 167 67 167 o

dipmeter

Medium colour d
refproduction R*ab,m 1 >87 0 >60
index

aTest according to CIE publ. 15.2, standard illuminant D65, ° sta olob!
b Digital imaging on photographic paper. £ontrast r : =7, 91 for
¢ Data of actual production samples: see\J echnical(information\on.wel-site:

d Calculated according to the metho G,
e Many reproduction devices only pi e output that i{%{al m

The hdlftone version of ftone
ISO/IHC-test charts 2 to 4 arefprQ y, 150
g/m?).[The halftone ISO/I ' ' :
Analog ISO/IEC-test chart\1l: Grey 3 ightness range L* = 10 to 94

Analog ISO/IEC-test’chart 25 Ch g (chromatic), produced by CMY-colours

Analog ISO/IEC-test 2§ of the lightness range L* = 18 to 95

Analog ISO/IEG:testx S Qlours (chromatic), produced by CMY-colours

The cqntinuous tonewersion \of the’analog ISO/IEC-test charts 1 to 4 are produced by digital imaging on
photographic paperfludrescent, glossy, 225 g/m?). The continuous tone ISO/IEC-test charts include:
Analog ISO/NEC-test chart 1: Grey steps of the lightness range L* = 7 to 91

AnaloglSO/IEC-test chart 2: CMY-colours (chromatic), produced by CMY-colours

AnalogtSO/IEC-test chart 3: Grey steps of the lightness range L* = 13 to 91
Analog ISO/IEC-test chart 4: OLV-colours (chromatic), produced by CMY-colours

, 45°/0%/heometry.
.12, 4; L*y =13, L*w = 91 for no. 3
Jlwww.ps.bam.de

L

4.3.2 Digital ISO/IEC-test charts

The digital ISO/IEC-test charts can be used to produce output on colour devices (e.g. colour printers, colour
monitors). They are presented in the three lowest resolutions on the Internet (see web servers Annex N). It is planed
that the high resolution test charts will be available on a CD-ROM. The digital ISO/IEC-test charts are given in the
Adobe PostScript (PS) and Adobe Portable Document (PDF) formats.

Table 4 and Table 5 show the device dependency of resolution and colour and the storage space necessary for the
digital ISO/IEC-test charts.
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Table 4: Device dependency of resolution and colour

Test chart Device dependency of resolution Device dependency of colour
no.n =1 to 4 and image | digital input analog output digital input analog output
ISO/IEC-test chart (reproduction) ISO/IEC-test chart (reproduction)
no. 1: image Al to A6 independent dependent independent dependent
no. 2: image B1 dependent dependent independent dependent
no. 2: image B2 to B7 independent dependent independent dependent
no. 3: image C1 to C6 independent dependent independent dependent
no. 4: image D1 dependent dependent independent dependent
no. 4: image D2 to D7 independent dependent independent dependent
Table 5: Storage space and resolution
Test chart Resolution Storage space for
ng.n =1 to 4 and image independent vector graphic in pixel graphic i vector. graphid
or pixel amount |ISO/IEC-test chart |ISO/IEC-test\chart s@d pixel graphic
llor 3: image Al to A6 independent 50 kByte \50 kByte
2 lor 4: without B1 or D1 independent 50 kByte -
2lor 4: with image B1 or D1 | 128 x 192 points 50 kByte 200 kByte
256 x 384 points 50 kByte 650 kByte
512 x 768 points 50 kByte 2,450 MByte
1024 x 1536 points 50 kByte 9,650 MByte
2048 x 3072 points 38,450 MByte

TR247|

4.4
The IS

The ar

The di
form, ¢
descri

14

PS/TITAO51.PS

L A4

pe the ISO/IEC-test

Position 1:
— input

D — output

I — referenese
Position ™2

Position 3.and 4:
4 — format A4
n6 — format A6

aaativa filkn
Tt

O/IEC-test charts are given in different

- A6 for Picture Bl(identical to D1)
- 24 mm x 36 mm slide and negative film

hital ISO/IEC-test charts's
. g. as output on @

5f= slide (positive) film material

atarial

inalog

£’
H—neg
Position 5:

r — reflectance mode

t — transmittance mode

Position 6:
a — analog mode
d — digital mode

m
vy rrretce et

Examples for clarification (code and description):
ihadra: input, halftone, format A4, reflectance mode, analog mode
rcadra: reference, continuous tone, format A4, reflectance mode, analog mode
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The three digit extension is based on a character | (I = ISO/IEC or D = DIN) and includes the ISO/IEC-test chart
number 1 to 4.

These codes are required both for the process description when producing outputs with colour devices and for the
image comparison of an output with a reference. In Table H.1 and Table H.3 of Annex H the different codes for
analog and digital mode are listed. In Table H.2, Table H.4, and Table H.5 three examples for a colour copier, a
printer and a scanner are given.

4.5 Colorimetric data of intended and reproduced colours

The basic and mixture colours of the standard printing process (ISO 2846-1:1997) and of the standard television
process (recommendation ITU-R BT.709-3) are defined in Table 6 and Table 8. Table 13 compares the intended
colours of ISO 2846-1:1997 with the colours produced in DIN-test charts 2 and 4 (these correspond to ISO/IEC-test
charts|2 and 4). Table 14 compares the printing colours of ISO 2846-1:1997 with the colours defined for calolir
televisjon according to ITU-R BT.709-3.

Table 15 shows the CIE-test colours defined in CIE-publ. 13.3 and the CIE-colours prod

338661-2. The CIE-test colours produced are the reference colours of the digital DIN-test charts, The DIN-test tharts
2 and ## have been produced with the printing colours defined in ISO 2846-1:1997 which i in Table 6{The

accurdcy achieved by DIN is given in Table 13.
Table 6: CIE data for offset printing (1ISO 2846-1:1997,; ORSlW =18

Basic offset colour or chromaticity tristimulus valu
mixture colour for D65 (Y=88,6 for white~NR65
ORS18=0LS18=Standard x | y X | m y2

three subtractive basic colours: printing colours acc. to(lS®46-1 \/

using halftones for DIN

C cyan-blue 0,1645| 0,2337 | 18,14 > /\\3223 58,62 |-30,63 |-42,75
M magenta-red 0,4594 | 0234 , 16 0 : 48,13 | 7520 | -6,80
Y yellow 0,4414 Oig\ 68,06 \77,1 903 | 90,37 |-11,16 | 96,17
three subtractive mixture colours: # DIN/8‘3§6 &)khr\s I\SQ reference paper

O orange-red# 0,6080 | 0,3380 §\\l})} 268 | 4794 | 6531 | 5207
L leaf-greentt 2523 10,5559 18 6,62 | 50,90 |-6296 | 36,71
V violet-bluet %ﬂ/ 0, A7 \>4,65 21,41 | 25,72 | 31,35 |-44,36

achromatic colours: #[\oglcﬁaged bydmear ?on@ejtrapolation in the CIELAB colour space

W1 (ideal White#, [65) 33‘5\ 4,44 100,00 |100,84 |100,00 | -1,07 5,06
W (1SO paper, B 0; 3,69 | 8360 | 89,47 | 9541 | -0,98 4,76
N (black printing

NO (ideal black#, D/Q

32 2,42 2,52 2,81 | 18,01 0,50 | -0,46

BN 0,02 0,00 0,12 0,01 0,84 | -1,68
Table ¢ shows the st ta Met printing colours according to ISO 2846-1:1997 for the CIE
standgrd 45°/0° geofetr standayd illuminant D65 and the CIE standard 2°-observer. The data of Taljle 7

definefthe Offse i telp OR%18 for lightness L*\=18 of Black N. The analog ISO/IEC 15775-test gharts
have been pro CIE data on ISO non-fluorescent standard reference paper. The mean CIELAH
differepce is given i is less than AE*=3.

There may be a few‘celor iC calculation problems in applications. In Table 6 the chromaticity of the colours|White

W and|Black N js.different and different compared to the chromaticity of D65 (x=0,3127, y=0,3290). The yellow-blue
CIELAB chroma ehanges for White W from b*=4,76 to b*=0,46 for Black N. In applications both colours White W and
Black N appear achromatic. Any CIE chromatic adaptation formula can only transform the chromaticity of one golour
(either|White W or Black N) to the chromaticity of D65, and there is no CIE colorimetric solution for printers and
MOoNitoFs:
The following four equations transform all the CIELAB data L*a*b* which are located on a straight line between N
and W in the CIELAB space to the achromatic axis (a*=b*=0) in the CIELAB space. The equations are called the
chroma adaptation (a) equations.

* = (L* — L*\) / (L*w — L*\) (O<=I*<=1is the relative CIELAB lightness between W and N)
L*, = L* (no lightness change by the chroma adaptation (a) equations)
a*y = a* — a*y — (a*y — a*y) w* (a*y and a*\ are CIELAB a*-chroma of White W and Black N)
b*, = b* — b*y — (b*y — b*y) w* (b*y, and b*\ are CIELAB b*-chroma of White W and Black N)
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The chroma adaptation equations and the following inverse equations
*a= (L*a— L*Na) / (L*wa — L*na) (L*n = L'na L'w = Lwa)
L* = L%,
a* = a*, + a*ya + (@*wa — @*Na) I"a
¥ = %, + b*ya + (0%~ D'a) "
are used for the transform of the achromatic colours in the ISO/IEC-test charts.

The chroma adaptation equations are used to extrapolate the CIELAB data for the achromatic colours Black NO and
White W1 in Table 6 and for the transfer of the chroma adapted colour coordinates of Table 7 which are used to
calculate the CIELAB differences between the printer and the monitor colours. There is no lightness colour
difference between the monitor and printer White W and Black N. There may be lightness differences for the two 16
step grey scales if the scaling is different. Equal relative scaling between L*y and L*y is the reference.

Table 7: CIE data of Offset Reflective System ORS18a (= OLS18a) with YW?B% and L*(5>18

Basic offset colour or chromaticity tristimulus values - CIELAB data

mixture colour for D65 (Y=88,6 for white D65) forwhite D65)

ORS18a =0LS18a Xa % Xa \ 4 \ Z ay \ I3

three subtractive basic colours: printing colours acc. to ISO 2846-

C cyan-blue 01610 | 02280 | 1879 | 26,62 | 7132 | 582\ |-3034 [-4501

M magenta-red 0,4549 | 0,2319 | 33,08 16,90< 9 813 \ 75,28 | -8,36

Y yellow 0,4388 | 04941 | 68,47 7}&1\\1\4 0, 10,26 | 91,75

three subtractive mixture colours: # DIN 33866- coIours/ SQ{efe}e@ aper

O orange-red# 0,6054 | 03363 | 30,1 \;gy 4794 | 6539 | 5052

L leaf-green#t 0,2494 O,?SK \ 19, S? 07> 50,90 |-62,83 | 34,96

V violet-bluet 0,2148 | 0,1400 1 25,72 | 31,10 |-44,40

achromatic colours: # calculated by linearchrora xtrégolan e CIELAB colour space

W1 (ideal whitet, D65) 0,3127 | 0,3290 | 95, 100, 108,92 |100,00 0,00 0,00

W (1SO paper, D65) 0,3127 | 0,3290 (| 84;21 8,6 96,48 | 9541 0,00 0,00

N (black printing colour) 127 290 2, 52 2,74 | 18,01 0,00 0,00

NO (ideal black#, D65) ‘ {j\( - 0;0; 0 ¥>0,00 0,00 0,01 0,00 0,00

| TR2470S/T1TAOTLPS \/ o .

Table T shows the chroma adapte are calculated from the offset printing colours according to

ISO 2846-1:1997. For thé chroma data a* and b* are equal to zero. This system is
called chroma adapted (2 ste ORS18a for the lightness L*\=18 of Black N. This Systenp is
equal fo the Offset Luminou$ w=88,6 and Y,=2.5. Four Offset Luminous Systems OLSxxa
with x1= i ient light reflections are given in Annex K.

hromaticity tristimulus values L*a*b*- CIELAB data
(Y=100,0 for white D65) |(L*=100,0 for white D65)
X \ y X \ Y \ z L* \ a* \ b*
three additive basicColours: television colours acc. to ITU-R BT.709-3
R red 0,6400 | 0,3300 41,24 | 21,26 193 | 5324 | 80,08 | 67,20
G, green 0,3000 | 0,6000 35,76 | 71,52 11,92 | 87,74 |-86,18 | 83,18
B\Dblue 0,1500 | 0,0600 18,05 722 | 9505 | 32,30 | 79,19 |-107,85
threeadditive mixtorecotours—tetevisioncotoursacctotFo-R BF709=3
C cyan-blue 0,2246 | 0,3287 53,81 78,74 |106,97 | 91,11 |-48,08 |-14,12
M magenta-red 0,3209 | 0,1542 59,29 | 2848 | 96,99 | 60,32 | 98,23 |-60,82
Y yellow 0,4193 | 0,5053 77,00 | 92,78 13,85 | 97,14 |-21,56 | 94,48
achromatic colours:
W () - - - (- - - T T
W1 (white monitor, 100%) | 0,3127 | 0,3290 95,05 |100,00 |108,90 |100,00 0,00 0,00
N (black monitor, 0,00%)| - - 0,00 0,00 0,00 0,00 0,00 0,00
NO (ideal black, 0,00%) - - 0,00 0,00 0,00 0,00 0,00 0,00

TR24705/T1TA08L.PS

Table 8 shows the standard CIE data for television colours according to ITU-R BT.709-3 for the CIE standard
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illuminant D65, the CIE standard diffuse/0° geometry, the CIE 2°-observer, and normalized to Y,y = 100. The
normalization to Y\, = 100 is the simplest colorimetric. For colorimetric comparison of monitor and paper colours (of
often near the same luminance) the colorimetric normalization to Y, = 88,6 of the following table is appropriate.

Table 9: CIE data of Television Luminous System TLS00 with Y\, = 88,6 and L*y=0

Basic television colour off chromaticity tristimulus values L*a*b*- CIELAB data

mixture colour for D65 (Y=88,6 for white D65) (L*=95,4 for white D65)

TLS00: Yw=88,6 + 0,0 X y X \ Y \ z L* \ a* \ b*

three additive basic colours: television colours acc. to ITU-RBT.709-3

R red 0,6400 | 0,3300 | 36,54 | 18,84 1,71 | 50,50 | 76,92 | 64,54

S—green 8;36060—6;6006—3+66—63;36——10;56—83;,63—82 779,96

B blue 0,1500 | 0,0600 | 15,99 6,40 | 84,22 | 30,39 | 76,06 |-103,58

three additive mixture colours: television colours acc. to ITU-R BT.709-3

C cyan-blue 0,2246 | 0,3287 | 47,67 | 69,76 | 94,78 | 86,88 |-46,17 |+13,56

M magenta-red 0,3209 | 0,1542 | 52,53 | 2524 | 8593 | 5% 94, »58,42

Y yellow 0,4193 | 0,5053 | 68,22 | 82,20 | 12,27 ,66 f—\Z(UO 90,75

achromatic colours: \ >

W1 (ideal white#, 100%) | 0,3127 | 0,3290 | 95,05 |100,00 |10& AN 0,00

W (white monitor, 88,6%) 0,3127 | 0,3290 | 84,21 | 88,60 | 9649 41 \ 0,00

N (black monitor, 0,00%)| - - 0,00 0,00< 0,00 0,00 0,00

NO (ideal black, 0,00%) - - 0,00 0 0, ) 0,00 0,00
Table 9 shows the CIE colour data for television according to ITU-R(BTY.70953 now normalized to Yyy, = 88,6. This
systenf is called Television Luminous System TLSQO for the(black }i n@ L*N<O0. In Table 9 to Table 12 the
lumingnce factor is always normalized to Y\, = 88,6 {inste n e 8) for White W. Then in all ¢ases
the lun the‘monitor/and on the paper are equal.
The n( hite standard reference paper of offset cglour
printin C 15775-test charts no. 2 to 4. In case|of
differe ame normalised luminance reflectance Y|, =
88,6 ig dréflectance is necessary to calculate the CIE XYZ
tristim lus values and the CIELAB data of any colour in the
applicd dsan the ambient office lighting and the reflection properties of
the mg the (transparent) normalised luminance reflectance)is
The eg ar. Itminange reflectance values Y,=0,0, Y,=5,0, and Y,=7,5.

:C sion Luminous System TLS18 with Y,y = 88,6 and L*y= 18
Basic IeW ut of hromaticity tristimulus values L*a*b*- CIELAB data
mixture colourtay, (Y=88,6 for white D65) (L*=95,4 for white D65)
TLS18: Yw=8B§)I + 2, X \ y X \ Y \ z L* \ a* \ b*
three additive basic tefours: television colours acc. to ITU-R BT.709-3
R red 0,6003 | 0,3299 | 37,89 | 20,82 441 | 52,76 | 71,63 | 49,87
G green 0,3009 | 05812 | 33,18 | 64,08 | 13,00 | 84,01 |-79,02 | 73,94
B\.blue 0,1612 | 0,0785 | 17,93 8,73 | 84,57 | 3547 | 64,92 | -95,08
three-additivembaidre-colodrs—televisioneotodrsacetoHY-RBF709—3
C cyan-blue 0,2278 | 0,3287 48,71 70,30 94,79 87,14 |-44,44 |-13,14
M magenta-red 0,3205 | 0,1622 | 5343 | 27,04 | 86,23 | 59,01 | 89,33 |-55,69
Y yellow 04144 | 04971 | 68,67 | 8233 | 14,67 | 92,74 |-20,06 | 84,97

achromatic colours:
W1 (ideal whitett, 100%) 0,3127 | 0,3290 95,05 [100,00 [108,90 (100,00 0,00 0,00
W (white monitor, 88,6%) 0,3127 | 0,3290 84,21 | 88,60 | 96,49 | 9541 0,00 0,00
N (black monitor, 2,52%)| 0,3127 | 0,3290 2,40 2,52 2,74 | 18,01 0,00 0,00
NO (ideal black, 0,00%) - - 0,00 0,00 0,00 0,01 0,00 0,00

TR24705/T1TA101

Table 10 shows the CIE colour data for the Television Luminous System TLS18 normalized to Yy = 88,6 and with the
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luminance reflectance Y, = 2,5. The calculations in the Table 10 first need the normalized luminance reflectance Y, =
86,1 (= 88,6 — 2,5) for White W and all other colours of Table 8. Then an ambient light of the chromaticity D65 with X,
=2,40,Y, =252, and Z, = 2,74 must be added to any XYZ monitor colour.

Table
luming
calculg

Table
luming

Table 11: CIE data of Television Luminous System TLS27 with Y, = 88,6 and L*y= 27
Basic television colour off chromaticity tristimulus values L*a*b*- CIELAB data
mixture colour for D65 (Y=88,6 for white D65) (L*=95,4 for white D65)
TLS27: Yw=83,6 + 5,0 X y X \ Y \ z L* \ a* \ b*
three additive basic colours: television colours acc. to ITU-RBT.709-3
R red 0,5675 | 0,3298 | 39,25 | 22,81 7,10 | 5487 | 66,84 | 41,69
S—green 8;3017+—06;5639—34,67+—64,80—1545—T68438—T754+—6676
B blue 0,1715 | 0,0956 | 19,87 | 11,07 | 84,92 | 39,70 | 56,66 |-88,04
three additive mixture colours: television colours acc. to ITU-R BT.709-3
C cyan-blue 0,2309 | 0,3288 | 49,75 | 70,83 | 94,87 | 87, -4274 12,73
M magenta-red 0,3202 | 0,1699 | 54,33 | 28,84 | 86,53 | 60 84, +53,09
Y yellow 0,4096 | 04893 | 69,13 | 8257 | 17,06 .82 f>19\,41 79,81
achromatic colours: \ >
W1 (ideal white#, 100%) | 0,3127 | 0,3290 | 95,05 |100,00 |10& AN 0,00
W  (white monitor, 88,6%) 0,3127 | 0,3290 | 84,21 | 88,60 | 96y49 41 ) 0,00
N (black monitor, 5,04%)| 0,3127 | 0,3290 4,79 5,04< 6,35 0,00 0,00
NO (ideal black, 0,00%) - - 0,00 0, ) 0,00 0,00

TR24705/T1TA111

| 1 shows the CIE colour data for the Television Luminous (Sysgem TL 7 n
5,0. The calculations of Table 11(fokt

nce reflectance Y, =
itions of Table 10.

Table 12: CIE data of Television

bl@t light reflection Y, = 5,0 are similar

Lu% stemTL ith Y,y = 88,6 and L*y = 33

zed toY,, = 88,6 and w|

Basic television colour o chromaticity tim v L*a*b*- CIELAB data
mixture colour for D65 Qﬂ 6f |te D65) (L*=95,4 for white D65)
TLS33: Yw=81,1+7,5 \ L* a* b*
three additive basic cold }s\tgk\qs on Q\I‘Ggrs}c\\tsﬂkf RBT. 709 3

R red QV\ 61 | 24,79 980 | 56,87 | 6247 | 36,02
G green Q O 3624 \O;B4%9 6,16 | 6552 | 17,89 | 84,75 |-7195 | 64,17
B blue /\\B,{Sl Nl 21,81 | 1341 | 8526 | 4338 | 50,19 |-81.95
three additive mi %\Q\\CQIou\s\ta‘e\\ns onEy)l oursacc. to ITU-RBT.709-3

C cyan-blue 003288 | 50,79 | 71,37 | 9492 | 87,66 |-41,08 [-1231
M magenta’ed 31 0,1774 | 5523 | 30,64 | 86,83 | 62,20 | 80,15 |-50,61
Y yellop 0, 04817 | 6958 | 82,75 | 19,46 | 92,90 |-18,77 | 75,12
achrorﬁe(c\)lhgrs\ \

WI (ideal Whitef100%) }0,3127 | 0,3290 | 95,05 [100,00 [108,90 [100,00 0,00 0,00
W (white moniter, 88,6%) 0,3127 | 0,3290 | 84,21 | 88,60 | 96,49 | 9541 0,00 0,00
N (blackimonitor, 7;56%)| 0,3127 | 0,3290 7,19 7,56 8,23 | 33,05 0,00 0,00
NO (ideal black, 0,00%) - - 0,00 0,00 0,00 0,01 0,00 0,00

TR24705/TATATI2

| 2 shows the CIE colour data for the Television Luminous System TLS33 normalized to Y,, = 88,6 and w|
nce'reflectance Y, = 7.5. The calculations of Table 12 for the luminance reflection Y, = 7.5 are similar to

calculations in Table 10 and Table 11.
Therefore four different cases of ambient light reflections are considered in this Technical Report. The four
luminance reflectances Y, are 0,0, 2,52, 5,04, and 7,06 which corresponds to the CIELAB lightness L* = 0, 18, 27,
and 33. Four different Television Luminous Systems (TLS) and four corresponding CIE colour coordinates and

examples figures are given.

NOTE: A similar Offset Luminous System (OLS) of transparent offset colours printed on transparent overhead
sheets is defined in Annex K.

18
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The following list summarizes the definitions and examples:

System name CIE colour coordinates in: Example figures:

TLS00 Table 9 Fig. 4, Fig. L.1

TLS18=TRS18 Table 10 Fig. 1, Fig. 4, Fig. L.1, Fig. L.3
TLS27 Table 11 Fig. 4

TLS33 Table 12 Fig. 4

OLS00a Table K.1 Fig. K.4

ORS18a=0LS18a Table 7 Fig. K.4

OtS527a Tabte+2 Fig—t4

OLS33a Table K.3 Fig. K.4 QQGD

tems afe
oma — lightness

The Sfandard Systems TLSO00 of Table 9 and ORS18a of Table 7 are give in bold letters.
calculgted and the following figure shows the device colours Cyan-blue — Orange-red C
diagrapn for the four spaces TLS00, TLS18, TLS27, TLS33.

CMYOLV CMYCLV
complementary compiementary
hue planes  *== hue planes &=

coloul names of colour names of
ISO/II=C 15775 N\ ISQ/IEC 15775

TR24705/ \ TR24705/B2110-2N

CMYOLV CMYOLV
complementary complementary
hue planes  *=® hue planes  *==*

coloul names of colour names of
ISO/II=C 15775 ISO/IEC 15775

TR24705/82110-3N TR24705/B2110-4N

&?‘ Figure 4: Complementary monitor colours C and O for L*\ =0, 18, 27, 33

In Fig. z@ﬁere is a drastic colour change of the monitor colours by the ambient office lighting on the monitor surrface.
The lightness of the black is L*=0, 18, 27 and 33 for the luminance reflectance Y, =0, 2,5, 5,0, and 7,5 respectively.
The chroma of the two colours Orange-red O and Cyan-blue C is reduced with increasing ambient light reflections.
The purpose of this Technical Report is to produce equally spaced 16-step series in the CIELAB space independent
of the medium used. This includes, for example, monitors or projected overhead sheets with daylight D65 in the
office.
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Table 13: Comparison of the printing colours and the produced colours

Basic | Intended CIELAB Produced CIELAB CIELAB differences CIELAB-
test CMYN (ISO 2846-1) | Pictures B2 and C2 of test colours test colour
colour | Reference (r) Output (0) Difference (o-r) difference
name | L ar b*r L ar b*o ALx A& | A bg_r AEY

C 58.62 | -30.62 | -42.74 | 59.96 |-27.8 |-43.15 134 282 | -04 3.15

M 4813 | 75.2 —-6.79 | 49.19 | 7403| -74 106 | -1.16 | -0.6 1.69

Y 90.37 [-11.15| 96.17 87.12 | -5.58| 10561 | -3.24 557 9.44 11.43

o 4F-941—65-3+1—52-6F—14F94—1—653+ 1526+ -6 -6 -6 0-0+

L 509 |[-6296| 36.71 | 509 |-62.96| 36.71 0.0 0.0 0.0 0.01

\% 25.72 | 31.45|-44.35 25.72 | 31.45]|-44.35 0.0 0.0 0.0 0.01

N 18.01 0.5 -046 | 17.16 | -0.06| -2.71 | —-0.84 | -0.56 | -2.74 A7

W 9541 | —0.98 4.76 9498 | -058| 328 | -042 04 147 (18

Average CIELAB colour difference: <A\§\\bm\\§5\

TR24705/T1TA121

chart 2 and 4 according to ISO/IEC 15775

Table 14: Comparison of the printing colours and the/efeVB’& plours\nornrfalized to Y = 88,6

Basic | Intended CIELAB datal Intended CIEL ég?/&l LABifferanées | CIELAB-
70

tet |CMYN (1SO 2846-1) |RGBAMAYU-R ofA lour test colour
colour | Reference (r) Output (o Bifferencg (o-r) difference
name L’: a*r b*r L*:) *O b N AL(;*_r Aa;_r Ab(’;_r AE* b
C 58.62 | -30.62 \3326 -15.53 | 29.19 435
48.13 | 75.2 9.17 | 19.15 |-51.61 55.82
Y 90.37 |—11. 229 | -953 | 541 11.21
0] 4794 | 6531 256 | 1161 | 1247 17.23
L 50.9< | -62.9 . 79.9 32.73 |-19.79 | 43.19 57.69
\% 25.72 A4 \i%>6.06 -103.57 4.67 | 44.61 |-59.21 74.29
N 18.01 EQ\ 0.0 0.0 -16.43 | -0.49 0.47 16.45
W | 9541 /qus 4. 41 ] 001] 001 | 00 10 | -474 | 485
\ \ \Abe{a/@ CIELAB colour difference: AE*apm= 35.1

TR24705/T1FA131

|4 compal olopirs according to ISO 2846-1:1997 and the television colours according to
—-3709-3
lorimetric paramete d the statistics of the production of the DIN-test charts are given as tables on

image-devices in their office environment.

(see lastgpage). Users can put their visual estimation data or the colorimetric data in files to specify thei

| 3 compares the printing colours according to ISO 2846-1:1997 and the pr ed\colours Jor picture B2 or D2

ITU-R

A web
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Table 15: Comparison of the 14 ClE-test colours and the produced colours

CIE | Intended CIELAB Produced CIELAB CIELAB differences CIELAB-
test data of CIE Publ. 13.3 | data of DIN 33866 of test colours test colour
colour | Reference (r) Output (0), Picture B6 | Difference (o-r) difference
no. L*r a’} b*r L*o a*0 b*0 A Lg_r A ag_ A bg_r A E*;b

1 61.45| 1753 | 11.74 56.8 12.93| 19.6 -4.64 | -4.59 7.86 10.23

2 60.69 0.08 | 28.92 55.0 -2.42| 35.85 -5.68 | -25 6.93 9.31

3 62.02 | -20.58 | 4441 56.74 |-24.61] 4251 =527 | -4.02 | -1.89 6.91

4 61.2 |-33.16| 17.07 60.9 |-48.14| 23.62 -0.29 |-14.97 6.55 16.35

5 624 |-17.47| -855 58.17 |-19.98]|-13.31 6.84

6 61.51 | -0.36 | -28.39 57.44 0.1 |-31.83 5.35

7 61.12 | 20.15 |-24.55 56.85 | 18.29]-25.86 4.

8 62.77 | 27.42 | -13.63 57.87 | 27.63|-21.75 49

9 39.92 | 58.74 | 27.99 4187 | 38.7 | 33.27 .8
10 81.26 | —2.89| 71.56 75.56 42 | 74.01 9.
11 52.23 |-42.42 | 13.6 47.15 |-47.28] 18.53 8.59
12 30.57 141 | -46.47 34.8 1.37|-28.6 18.36
13 80.23 | 11.37 | 21.04 7759 | 15.62| 29.57 853 9.89
14 40.75 | -13.8 24.23 36.07 |-18.23 -0.41 6.46

Average C|E<AB\cQ|<@\auff@enc§ \) ‘\/ AE*apm= 10.2

TR24705/T1TA141

E-test colours according to CIE-publ. 13.3 with

aceording to ISO/IEC 15775

test charts are also the reference colours f
tal DIN-test charts

imits of visualresa
Eual human syste i

ontrast. For a yellow-white contrast the recognition is reduced
gases through Magenta-red-white to Cyan-blue-white up to black-w

side than for colours presented separately. The same is true for image compa
est chart in size A4) and the corresponding reproduction (e. g. output in size A
copying machine). Thérefore, for image comparison about 30 steps are distinguishable.

ust consider the following limits especially for the assessment of reproductions:
- visual resolution 1/6 mm (150 dpi = 60 Points/cm)

the

pr the

50 cm
colour
pst for
by at
hite.
any
factor
ison

fl on a

-(eolour perceptibility for image comparison: CIELAB color difference AE* = 3.

The 16 equally spaced grey steps in the original and the reproduction have a lightness contrast gamut of AL* = L*,
—L*y =94 - 10 = 84. This is a CIELAB-colour difference of AL* = 84/15 = 5,6. An assessment of lightness is
therefore possible for the 16 steps in the original and the reproduction for each step. With 32 steps in case of image
comparison the threshold of colour perceptibility of three CIELAB units is not reached.

Many reproduction devices for colour images produce colour differences of around 20 CIELAB units which one like
to reduce to a colour difference of three CIELAB units. We hope that additional standards will improve the
assessment capability.

This goal produces a lot of difficulties both with colour measurement devices and for visual comparison of the
original and the reproduction. The problems are caused by the following:

a) The colour measurement devices which are used show limits in the absolute accuracy of measurement and for

@ISO/IEC 2005 - All rights reserved
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example produce measurement differences larger than 10 CIELAB for the yellow printing colour Y.

b) The device failures by absolute measurement can be eliminated to a high degree if both the original (the 1SO/
IEC-test chart) and the copy (the reproduction) are measured with the same device. The measurement of the
original is only necessary once for a (constant) colour measurement device.

¢) The paper used in the office environment nearly always includes optical brighteners, so the output colours
change depending on the illuminating light (daylight) because of fluorescence. The halftone DIN-test charts 2 to 4
are therefore printed on ISO reference paper which is free of fluorescence and this paper could be used for the
output of a colour printer.

d) The CIE-test colours of the analog DIN-test charts 2 and 4 are reproduced with mean colour differences of 10
CIELAB-units. The mean measured data for production samples of these DIN-test charts were used to determine
the data for the digital DIN-test charts (see also e). The mean absolute accuracy of the data for the production
was$ 10 CIELAB-units and the standard deviation of the production data was much less than 3 CIELAB-units. The
colpur series (intended to be equally spaced) were produced with mean colour differences of 4 CIELABsUits.

e) The DIN-test charts are supplied in analog mode in halftone and continuous tone technique and as digital file

for comparison in the formats PostScript (PS) and Portable Document (PDF). The data.0f the profduced
anglog DIN-test charts were used for the 14 CIE-test colours in the digital DIN-te I§ Way one can
corppare the output of a digital DIN-test chart with the corresponding analog D san expect them

to ggree.

4.7 Applications of analog and digital ISO/IEC-test cha

The following figures show the use of analog and digital ISO/IEC-test ith\differentireproduction deviges for
colourlimages. In the following pictures absolute CIELAB coordi Ve LAB-coordinates lap* are
used. The corresponding is valid for coordinates CMY*, cmy*,

4.7.1 Application for colour copiers /\ /Q (\
N
1

Analog achromatic
| SO/IEC-test charts
LAB* or lab*
N* or n* BN
W+ or V\P*r\
image comparison:
§ A (analog images)
2 visual and/or
ftware colorimetric
specification
nakog-chromatic Analog (a)chromatic | SO/IEC-test charts
/ est gharts (Reflectance or transmittance test charts)
NOVAB* O lab* LAB* or lab*
C cmy* CMY* or cmy*
OLV* or olv* OLV* or olv*

TR24705/T1BI041.PS

Figure 5: Specification of copiers
The left-sideof I':IU 5-shows-the oula:ug ISOfEC-testchartswhich-containcototurserteswhichhave cqua”y spaced
steps in absolute colorimetric LAB*-coordinates. Additionally a description of their relative spacing lab* in the original
and the output is possible. For example compare the coordinates L* and I* in ISO/IEC-test chart 1. Something similar
is valid for the coordinates CMY* or cmy* and OLV* or olv*.
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4.7.2 Application for printers and monitors

Digital achromatic
| SO/IEC-test charts

Analog (a)chromatic
linearized output

inverse
"*-image

LAB* or lab* transform LAB*" or lab*"
N* or n* CMY*" or cmy*"
WH or wx OLV*" or olv*"

Analog monitor- image comparison:

or printer output (analog images)
tABortap vista-ancror
CMY*" or cmy*’ colorimetric
OLV*’ or olv*’ specification

Digital chromatic

| SO/IEC-test charts
LAB* or lab*
CMY* or cmy*
OLV* or olv*

TR24705/T1BI0SL.PS

The left side of Fig. 6 shows the digital ISO/IEC-test charts » igital
image|transformations is included (e. g. within the/fi i verse
image [transformation can be stored permanent ing

systenp (e. g. Macintosh OS X server).

4.7.3 Application for scanners

Analog achromatic
| SO/IEC-test chart

Analog (8)chromatic
printer output

LAB* or lab* software LAB*" or lab*"
N* or n* CMY*" or cmy*"
W or wr /\ OLV*" or olv*"
I mage comparison: I mage comparison:
Sean (Digital images) (Analog images)
and only only
colorimetric visual
specification specification
S
Analog chromatic Digital (a)chromatic Analog (a)chromatic
ISO/IEC-test charts | SO/IEC-test charts printer output
LAB* or lab* LAB* or lab* LAB*’ or lab*’
CMY* or cmy* CMY* or cmy* CMY*’ or crmy*’
OLV* or olv* OLV* or olv* N—” OLV*" or olv*’

TR24705/T1BI06LPS

Figure 7: Specification of scanners
The left side of Fig. 7 shows the analog ISO/IEC-test charts which lead to a digital scanner output. A colorimetric
specification of the digital scanner output (file) compared to the digital ISO/IEC test chart (file) is shown. A visual

test by comparison of the two analog printer outputs, one produced by the digital scanner output and one by the
digital ISO/IEC test chart (file) is shown.
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4.7.4 Application for combinations of scanner and printer or scanner and monitor

The le

Analog achromatic _ Analog (a)chromatic
|SO/IEC-test charts Pré?]ger printer output

LAB* or lab* software LAB*" or lab*"

N* or n* CMY*" or cmy**"

W or w* OLV*" or olv*"

First digital
scanner output

ﬁ'v AR ortab
QW CMY*’ or crmy*’
OLV*’ or olv*’

Analog chromatic

| SO/IEC-test charts Monitor
LAB* or lab* and
CMY* or cmy* software
OLV* or olv*

TR24705/T1BI071PS

Figure 8: Specification for combinations of scanpler a
t side of Figure 8 shows the analog ISO/IEC-test chars\w Ie to\a first'digital scanner output w

digital LAB*'-image data. The analog output of this p printer (upper right side) or
monitdr (bottom right side) leads to additional colourshd data which are different for p
and mpnitors.

5. Visual and colorimetric tests for

5.1 General

The vi
with th

For the visual evaluation of th

5.2 Vi

The vi
definiti

5211
The fo

-L

production can be done by comparison of the colour
available:

sual tests and colori (
e original test ch
- visual test, if necessg

bual test of the different
on of the individual pic

elements has been already described in 4.2.1 and 4.2.2 in conjunction with the]
res on the test charts.

estingseonditions
lowing conditions are to be met when testing:

th
N a
inters

butput

ghting of the testing object under 45° with a minimum of 1000 lux nominal illumination

— Observation of the testing object on an opaque white base (3 sheets of white paper underneath the testing
object).

— one can find different and special conditions (e. g. for monitors and scanners) in the corresponding standards
— the testing persons must have normal colour vision and visual acuity.
TEST ,Measure colour vision and visual acuity using any of available standard tests"

— For testing normal colour vision the colour vision deficiencies may be tested (for example with an
"Anomaloscop" according to DIN 6160 or equivalent).

— The visual acuity (also with seeing aid) is to be checked (for example according to DIN 58220-5 or

24

equivalent).
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5.2.2 Recognition frequency for use of Landolt-rings
The eight rings of the Landolt-ring groups in the different pictures represent the different orientation of the Landolt-
rings according to 1ISO 8596. Test criteria for the visual evaluation of each group is the recognition frequency of the
Landolt-rings. The recognition rate must be over 50% as in ISO 8597. The recognition frequency of at least 5 of 8

rings is above 50%.

5.3 Colorimetric specification

A colorimetric specification includes data for (see Annex G):
— Regularity g*
— Lightness gamut f*

-M
-M

5.3.1¢
The cq

ean Igmmness difference AL,
ean colour difference AE*,, ,
ean colour reproduction index R*,,

Colorimeter

colorin

5.3.2
On thdg
the 14
and b?

5.3.3H
In Ann
measu

6. T8

6.1 @
The te
)
-S
-d
—d
—Ti
— fa
—th
— 14

2°—staldard observer, the CIE-standard illuminant D65 and the CIE-standard

easurements
reproduction and the test chart the lightness L* of the five g

of these colour surfaces are to be measured.

NOTE 1: It is recommended that the 1SO/I
nstrument.

Fvaluation

ex G the procedures for calculation of each colerimetri
rement data are described apd an exa 8 i tw

st report forill :

beneral
5t report with the re€sult gontain at least the following:

blected worki 8 ecification of the selected adjustment

bsting method
rms filled out for the visual interpretation of the reproduction of test charts 1, 2, 3 and 4.

e normal colour vision and normal visual acuity of the testing persons according to 5.2.1 are to be stat
st-person, date and place

CIE-

P) and
ma a*

4%
e

6.2 Description of input and output and comparison of output and reference
Examples for the description of input and output as well as the comparison of output and reference are given in

Annex

H.
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7. Test charts for image reproduction of printer systems: “digital — analog”

The test charts for all applications are described in Section 4.

7.1 General
The analog test charts for the assessment of printer outputs are desribed in Section 4.

7.2 Output technique for colour image reproduction devices: “digital —analog” (printers)

The digital ISO/IEC-test charts 1 to 4 in the format PS (PostScript) or equivalent can be read by any editor on nearly
every computer operating system. They include the colours in relative device coordinates, e. g. cmy0*, olv*, w*
000n*, and in absolute (LAB*) or relative (lab*) CIELAB-coordinates.

A usef]

chart ip

NOTE 1: The printer output is influenced by the computer operating system, the
printer driver, the printer mode and the hardware.

LStar-prime-image") by the standard reproduction process. This transfor
fransformation (see Fig. 1).

Technical Report.

Ul standard reproduction process is the following: an analog output (reproduction) of a digital ISO/IE¢]-test
produced and the analog output is compared with the corresponding analog reference test chart;

application software, the

-image
image

NOTE 3: Either by the software of the computer operating system orb Qf ithjr pt-
printer the digital *-image (,star-image") can be transformed inta/4 i -star-i ) and
then reproduced with the standard image transformation (see-Kig-R). The iffe he
digital input values and the resulting output values will the ¢ ction
system. In addition the output will be very similar to the ahalqg yefer F

NOTE 4: The calculation of the inverse digi from the digital *-image (,stiar-
mage") to linearize the output is described i ' p in this

Digital ISO/IEC-test INTERNET:
chartsno. 1to 4; | SO/IEC-test chart
filewith CIEL.-AB as monitor image;
data: L*a* B* Web browser e.g.
format: PS or equi [ANix¥HP, Sun, SGI, 1IBM) | [ Netscape Navig.
Microsoft Expl.
PSP *{*f\\) with "Plug-In"
file ile PDE-Viewer
Adobe Acrobat
Reader (Search)
creates window
Adabe'Acrobat Distiller PDF scroll and
scale (16x)
with web browser

+Analog |SO/IEC-test chart (produced from the digital) |
comparison under daylight D65

SOUNEL tact-alo

[Wa)
|I"\IlalUU plllll.cl UULPUL UI amgltal TOUNMELUTICAL Ul |a|t [

TR24705/T2B1011

Figure 9: Creation and colour output techniques for the digital test charts on printers

Fig. 9 shows the creation of digital ISO/IEC-test charts by Display-PostScript and the analog printer output made
using the digital ISO/IEC-test charts with different software and different computer operating systems in the formats
PS (PostScript), PDF (Portable Document) or equivalent formats. Fig. 9 additionally illustrates the monitor output of
a digital ISO/IEC-test chart in PDF format using internet web browsers. This analog printer output must be
compared with the analog reference (analog ISO/IEC-test chart).
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Digital I1SO/IEC-test
chartsno. 1to 4;
filewith CIELAB

data: L*a*b* (LAB*)
format: PSor equivalent

PS

PS

Display-PostScript:
Nextstep; Windows-
Openstep (Intel)

OS X Server (Macintosh)
Unix (HP, Sun, SGI, IBM)

PS
file

t Examples: Input (i), digital (d)
Digital reflectance or transmittance test chart

Colour devices:
printer with
halftone or

photo technique, ...

of an analog corresponding production

Reference(r) isthe analog1SO/IEC-test chart
Analog reflectance test chart under daylight D65
Analog transmittance test chart on aluminous area D65

Comparison under (chromaticity) daylight D65

nroduction of an
P

analog output
from adigital

| SO/IEC-t t
depend n:
devicerode, (.

Analog output (0) of the digital | SO/IEC-test chart
Analog reflectance output under daylight D65

Analog transmittance output on aluminous area D65 /\\ \

O

TR24705/T2B1021

Fig. 10

the crgation of an analog printer output from a djgit

compgred with the analog reference (bottom).

Digital 1SO/IEC-t
chartsno. 1to 4;

filewith ClI
data: L*a*b B*

epXintel)
er (Macintosh)

format: PSor HP, Sun, SGI, 1BM)
F|S Ies\andt (i), digital (d)
e |) efl tance (r): i(h/c)adrd
J t ittance (t): i(h/c)(ad/sf/nf)td
ampl Mmce (r), analog(a)
- Reference(), reflectance (r), analog (a): r(h/c)adra

Reference (r), transmittance (t), analog (a): r(h/c)adta

Comparison under (chromaticity) daylight D65

Colour devices:
printer with
halftone or

| | photo technique, ...

production of an
analog output
from adigital

| SO/IEC-test chart
dependent on:
device mode, ...

Code for colour device output (0), analog(a)
Output (0), reflectance (r), analog (a): o(h/c)adra

t) and
ust be

Output (0), transmittance (t), analog (a): o(h/c)adta

TR24705/T2B1031

Figure 11: Codes for evaluation of image reproduction for colour devices: “digital

—analog”

Fig. 11 shows code examples for the input, output and reference image reproduction process for colour devices:

“digital

—analog” outlined in Fig. 10. The analog printer output produced must be compared with the

corresponding analog reference. The codes are further described in section 4.4 and in Annex H.
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Digital achromatic
| SO/IEC-test charts

Analog (a)chromatic printer output
(Reflectance or transmittance test charts)

LAB* or lab* LAB*’ or lab*’

N* or n* CMY*" or cmy*’

W or w* OLV*’ or olv*’

PS- or PDF-*-imagefile . —
image comparison:

(analog images)

ﬁ nh
Aand

Fig. 12
colorin
(the ar

7.3 H
The fo
-P

7.4 H
The P

There
a) k
the
prir

H 1 1
vidud a'i/7ul

@W colorimetric
specification

PS- or PDF-*-imagefile

N

Analog (a)chromatic | SO/IEC-test chaft
(Reflectance or transmittance test

Digital chromatic
| SO/IEC-test charts

LAB* or lab* LAB* or lab*
CMY* or cmy* CMY* or cmy* >
OLV* or olv* OLV* or olv*

TR24705/T2B1041

arameters for the PS-output of cplour ima

S-r i
or_"dowrloa

pr the computer

soffware
pquivalent softw ithi
NOTE 2: For achronvati

aRd - output of PDF-files
sreated from PS-files using "Adobe Acrobat Distiller" (see Fig. 9).

different dependingon the choise of PDF-files or PS-files for the input.
are differentimethods to produce output using the PDF-files.

PDF-files-ean be viewed on any monitor of any computer operating system with Adobe Acrobat Reader
menu“‘print” of Adobe Acrobat Reader the digital files can be reproduced on any printer (not only Post

ence

nlog”

ystem

ent.

f the
rinter
3is

With
Script-

ters) (see Fig. 10).

NOTE 1: The presentation on the monitor has no influence on the printer output.

b) With the installed Plug-In Adobe Acrobat Reader installed, PDF-files can be viewed on the internet or “offline”
by web browsers (e. g. Netscape Navigator, Microsoft Internet Explorer) on any operating system and on any
monitor. The digital files can be reproduced on any printer (not just PostScript-printers) by using the menu option
“print* of Adobe Acrobat Reader (more colour correct) or the menu "print" of the browser (less colour correct) .

c) PDF-files can be reproduced directly by "copy" or by "download" on any PostScript-printer, if the functions
"PDF-copy" or "PDF-download" are supported by the printer.

28

NOTE 2: The printer output is not influenced by the printer driver of the computer operating system nor
computer software. The printer output is managed by the PDF-software within the PS-printer.
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8.Visual and colorimetric tests of printer systems: “digital — analog”

The main procedures for the visual and colorimetric tests for all applications are described in Section 5.

8.1 General
For the reproduction systems “digital — analog” (printers) use the Section 5.1 “General” and the following additions:

At least two out of the four analog printer outputs are required. These must be produced from the digital ISO/IEC-
test charts one after another with unchanged mode for the colour printer. The colours in the ISO/IEC-test charts are
defined in relative L*a*b*-data, in part also in absolute L*a*b*-data, see pictures B1 and B6 of test chart 2 as well as
picture D1 and D6 of test chart 4.

The operating modes, media and supplies (paper, colour toner, printing inks) recommended by the colour printer
manufacturer should be used and must be specified in the test report. Deviations must be specified. It is necgssary
to test|the printer outputs soon after the printing.

The visual test and the colorimetric specification of image reproduction of colour device
compgrison of the analog colour printer output with the analog reference (the analog
test two methods are available:

- visual testing, if necessary with an optical aid such as a magnifying gla
- colorimetric specification (for interpretation see Annex G).

The tepting results must be summarized as follows:

For the visual evaluation of the picture area use the forms in Annex A
For the visual evaluation of the frame area use the forms in Annex E-=a
The sdgctions of these forms correspond to the different testing ¢

can be done' by
-test.¢hart). Fpr the

8.2 Visual test

For the reproduction systems “digital — analog” ‘Visual test”.

8.3 Colorimetric specification
For the reproduction systems “digitz als i Section 5.3 “Colorimetric specification”.

9.T¢g
The te

9.1 ¢
For the reproduction syste ) 3 ions:
The te
-s
-3
- H

- The special adjustment and materials used (for printers),

- description of the paper used,

- deseription of other supplies used (toner, printer cassettes),

-dmageable paper area of the A4 size (e. g. 185 mm x 285 mm);

— at least two forms filled out for the visual interpretation of the image area of test charts 1, 2, 3 and 4,

at least one form for an achromatic test chart according to Annex A or Annex C,

at least one form for a chromatic test chart according to Annex B or Annex D;

— two forms filled out for the visual interpretation of the frame area of test charts 1, 2, 3 and 4,
one form for an achromatic test chart according to Annex E,
one form for a chromatic test chart according to Annex F;

— the normal colour vision and normal visual acuity of the testing persons are to be stated;

— optional a colorimetric specification according to Annex G;

— test person, place and date
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10. Test charts for image reproduction of scanner systems: “analog — digital”

The test charts for all applications are described in Section 4.

10.1

General

The analog and digital test charts for the assessment of scanner outputs are defined in Section 4.1.

10.2 Output technique for colour image reproduction devices: “analog — digital”
(scanners)

A method for the specification of the image reproduction of scanners is defined. It is based on equally spaced colour
scales for input

For th

specification of chromatic reproduction analog ISO/IEC-test charts 2 and/or 4 (chromatic) are scanned.
NQTE: For each analog ISO/IEC-test chart produced by a manufacturer which is scz

cor|
dig

specification of achromatic reproduction analog ISO/IEC-test charts 1 and/or 3 are scanned and ferthe

responding digital ISO/IEC-test chart (a computer file). It is important that as r P ing

The digital ISO/IEC-test charts 1 to 4 in the PS (PostScrlpt) (or equivalent) formatcan, be ith hearly

every gditor on any computer operating system. The ISO/IEC-test charts in
relativé (lab*) CIELAB-coordinates.

) or

The fo st
chart is produced by the standard scanning process. The digital sca t s i ith the
corresponding digital ISO/IEC-test chart (“digital” -reference).

NOTE 1: The scanner output is influenced by the computer of i icati ,|the

For the
the dig

NO

NO
ang
Led

NO

cory

NO
or ¢

~Star-prime-image") by the standard scannix i3
standard image transformation (see Fig 1y
bs”) of

ital scanner file are comp i 9 i igi - ile.

TE 2: The CIELAB-coordinates S(inting are the basis for 16-step relative coordinates, e} g. n*

cmy*, between t \/h *), White — Cyan-blue, White — Magenta-red, and White —
f-green (cmy*).
cmy?)

]g. n*
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Fig. 13
produg

is used to produce an analog printer output (bdttom'side

A scat]
of Fig.
1.7
I1SC

to g
col
the
dig

Digital |SO/IEC-test PS | Display-PostScript:
chartsno. 1to 4; PS Nextstep; Windows-
filewith CIELAB Openstep (Intel)
data: L*a*b* (LAB*) OSX Server (Macintosh)
format: PSor equivalent Unix (HP, Sun, SGI, 1BM)
PSHile
Ana.log ISO/' EC-test Chal’t Colour scanner
(produced from digital) Creationof-a
digital scanner
—>— Digital I SO/IEC-test chart asimage file | file of an analog
colorimetric specification: (" Digital" -reference) | SO/EC-t t
| Digital image file of the scanner |—<— dependent.gn:
Scanng<mode( .
H Analog printer output of adigital |SO/IEC-test chart |
comparison under daylight D65: (" Analog" -reference)
Analog printer output of adigital scanner file \\
<

TR24705/T3BI01L

es a digital scanner-test chart from an analog ISOM

purs of the digital
scanner should b
tal ISO/IEC-test chartd

indtes is used to produce an analog printer output. The analog ¢
& ISO/IEC-test chart. In this case the printer changes the colours giv

=

chart
pr part

09
ence).

used

f the

rinter
en
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Digital 1SO/IEC-test PS | Display-PostScript:
chartsno. 1to 4; PS Nextstep; Windows-
filewith CIELAB Openstep (Intel)
data: L*a*b* (LAB*) OS X Server (Macintosh) Colour devices:
format: PSor equivalent Unix (HP, Sun, SGI, IBM)] | ~0,0ur scanner,
Ei t Examples: Input (i), analog(a) g?;tgliz%s;em,
Anallog rletflectance or transrplttarll_ce_lt(?slt ct\aft L | Production of a
Prouuceud 1Mot a LUNeSpPuUrn iy diygital teat LUhid't d|g|ta| flle
i i from the analog
Reference(r) isthe analogprinter output |SO/IEC-t art
— Analog reflectance test chart under daylight D65 dependent ¢n:
Analog transmittance test chart on a D65 luminous area device miode, (.
Comparison under (chromaticity) daylight D65 / AN
Analog printer output (0) of the digital scanner file
Analog reflectance output under daylight D65 x
Analog transmittance output on a D65 luminous area |
AN

TR24705/T3B1021 \\\ \/
Figure 14: Creation and output for colour image r b “analog —digital”

Fig. 14 shows the printer output as analog refe
an digjtal scanner file output from a analog IS anlalog printer output of the scanner
file must be compared with the analog reference ith the same printer (bottom).

Digital ISO/IEC-test
chartsno. 1to 4;
filewith CIEL,AB

data: L*a* B* A
. Colour devices:
format: PS or &quiv \/\QIX HP, Sun, SGI, IBM)| | ~10ur scanner
\ i il
PS les: Input (1, analog (a) Photo-CD system,
file _. | [Digital camera, ...
ectarce (r): i(h/c)adra Production of a
<\ ansigittance (t): i(h/c)(ad/sfInf)ta digital file
from the analog
Codeexanples: refefence (r), analog(a) 1SO/IEC-test chart
-1 Referencey(r), reflectance (1), analog (a): r(h/c)adra dependent on:
Reference (r);fransmittance (t), analog (a): r(h/c)adta device mode. ...

Comparison under (chromaticity) daylight D65
Code for digital file output (0): printer, analog(a)
Output (0), reflectance (r), analog (8): o(h/c)adra
Output (o), transmittance (1), analog (&): ojve)ada

TR24705/T3B103L

Figure 15: Codes for evaluation of image reproduction for colour devices: “analog — digital”
with “analog” -reference

Fig. 15 shows code examples for the input, output and reference of image reproduction for colour devices: “analog
—digital” shown in Fig. 14. The produced analog printer output must be compared with the corresponding analog
reference produced with the same printer.
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Digital I1SO/IEC-test
chartsno. 1 to 4;
filewith CIELAB
data: L*a*b* (LAB*)

format: PSor equivalent

PS

Display-PostScript:

PS

Nextstep; Windows-
Openstep (Intel)

OS X Server (Macintosh)

Unix (HP, Sun, SGI, IBM)

PS
file

t Examples: Input (i), analog(a)
Analog reflectance or transmittance test chart

| [Digital camera, ...

Colour devices:
Colour scanner,
Photo-CD system,

Production of a

Fig. 16

analog ISO/IEC-test chart (right). This digital s

chart 4

() 1L L. L. b L - L -
Prouuceud 1Mot a LUNeSpPuUrn iy diygital teat LUhid't

Reference(r) isthe digital | SO/IEC-test chart
Digital reflectance test chart under daylight D65
Digital transmittance test chart on a D65 luminous area

Colorimetric comparison of the digital file data

digital file
from the analog

| SO/IEC-t art
dependent on:
device o ToN

¢ N

Output (0) isthe digital file of the scanner
Digital file of the scanner produced with reflectance test char x
Digital file of the scanner produced with transmittance testchart N

AN AN

O

TR24705/T3B1041

s reference (bottom).

SO\
“.u device

?“analog — digital”

Digital ISO/IEC-test
chartsno. 1to 4;
filewith CIEL,AB

Wnix¥HP, Sun, SGI, 1BM)

data: L*a* B*
format: PSor v
PS

file

A
les: [nput (1), analog (a)

ectarce (r): i(h/c)adra
ansigittance (t): i(h/c)(ad/sfInf)ta

| [Digital camera, ...

N

Referen

N
Codeexanples: refefence (r), digital (d)
r), reflectance (r), digital (d): r(h/c)adrd
Reference (r);fransmittance (t), digital (d): r(h/c)adtd

Colorimetric comparison of the digital file data

Colour devices:
Colour scanner,
Photo-CD system,

Production of a
digital file

from the analog

| SO/IEC-test chart
dependent on:
device mode, ...

Code for digital file output (0): scanner, digital (d)
Output (0), reflectance (r), digital (d): o(h/c)adrd

bm an
-test

Output (o), ransmittance (1), digital (d)- o(rvc)aatd

TR24705/T3BI051

Figure 17: Codes for evaluation of image reproduction for colour devices: “analog — digital”

with “digital” -reference

Fig. 17 shows code examples for the input, output and reference of image reproduction for colour devices:“analog —
digital” shown in Fig. 16. The produced digital scanner file output must be compared with the digital ISO/IEC-test
chart as reference (bottom)
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Analog achromatic Digital (a)chromatic Analog (a)chromatic
| SO/IEC-test charts scanner output printer output
LAB* or lab* LAB*’ or lab*’ software LAB*" or lab*"
N* or n* CMY*’ or cmy*’ CMY*" or cmy* "
W* or w* OLV*’ or olv*’ OLV*" or olv*"
I mage comparison: Image comparison:
éanner (Digital images) (Analog images)
ana ony ony
@Ny colorimetric visual QQD
specification speu/flfzin ’(,I/Q
Analog chromatic Digital (a)chromatic
| SO/IEC-test charts ISO/IEC-test charts
LAB* or lab* LAB* or lab*
CMY* or cmy* CMY* or cmy*
OLV* or olv* OLV* or olv* > Q\ :
TR24705/T3B1061 @\V\/\
Figure 18: Specification of the image reproduction of scanpers fo }I devices: “analog — digital”
> eference
Fig. 18 shows the scanner process of analog IS g ‘ eft'dide) withP*-coordinates (,star-coordingtes®).
An example for both the “ digital” -reference (middle)s S nce (right) is given.
10.3 f cigital scanner-test chart
For spgcifying digital image reprodueti e ¥ >egordinates (,star-prime-coordinates”) of the
digital scanner-test chart must be €eterqired.
jgital coordinates which often are called cmyk (four
coordinates of the subtractive€qlo i , ree coordinates of the additive colour mixture). These
coordinates are d e-coordinates”) cmyn* and olv** in this Technical Report.
The scanner outp gviale \thé *-coordinates (,star-coordinates”) of the ISO/IEC-test|chart.

Reprcduction . Hue |h* relative *-colour (hexadecimal) | h* relative *-colour (hexadecimal)
Y SiX steps

colour's
il

m* y*

Standard

coloursand color steps C
TR24705/T3B§071 & TR24705/T3B1072

TR24705/T3BI073

Figure 19: Colour series between white W and M. Y, O and relative coordinates cmynw*

Fig. 19 shows the basic colours of offset printing with relative colour series between white W and C, M, Y, O, L,V. The
basic colours of reproduction technology are located here on a regular hexagon. Each colour is defined by three
relative *-coordinates (,star-coordinates”) cmy*. Often n* and w* are also determined or calculated.
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colours

SENNE V' blackish
coloursand color steps
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h* relative *-colour (hexadecimal)
o* o* I*

h* relative *-colour (hexadeci
o* I* v*

mal)

TR24705/T3B

T TR2ATOSITIBIOL:

Figure 20: Colour series between black N and C, M,Y, O, L,V and relative coordinates oly, %<Q

Fig. 2Q shows the basic colours of offset printing with colour series between black N and. C, M, Y, O, L, e basic
colours of reproduction technology are located here on a regular hexagon. Each colour(is defired ‘ree reI htive *-
coordipates (,star-coordinates”) olv*. Often n* and w* are also determined or calcul
Table 16: Coordinates of Picture A6 of the digital ISO/IEC-test char\<\ ction
Coor(iinates of Picture A6 in digital 1SO/IEC-test chart 1in White-Black directich A DD
\ Q\/\
grey step Cl ELAB-coordi nates *-coordi nat es
absol ute coordi nates relative coordi nates
deci| mal deci mal hexadeci nal and deci ma
test chart 1 achrom chromatic Cw \\ chr tic OLV
no. |n* L* a* b* n* w* cny* /§j7 Q)
PAAN
01 ¢, 000 94,00 00,00 00, 00 1,000 1,000 1, 0p0
02 0,067 88,40 00,00 00, 00 0,933 0,933 0, 9B3
03 ¢, 133 82,80 00,00 00, 00 0,867 0,867 0, 8p7
04 ¢,200 77,20 00,00 00, 00 0, 800 0, 800 0, 8p0
05 ¢, 267 71,60 00,00 00, 00 0,733 0,733 0, 7B3
06 ¢, 333 66,00 00,00 00,00 0,667 0,667 0, 6p7
07 0,400 60,40 00,00 00, 00 0, 600 0, 600 0, 6p0
08 0, 467 54,80 00,00 00, 00 0,533 0,533 0, 5B3
09 ¢, 533 49,20 00,00 00, 00 0,467 0, 467 0, 4p7
10 ¢, 600 43,60 00,00 00,00 0, 400 0, 400 0, 4p0
11 ¢, 667 38,00 0,333 0,333 0, 3B3
12 ¢,733 32,40 0,267 0,267 0, 2p7
13 ¢, 800 26,80 0,200 0,200 0, 2p0
14 0,867 21,20 0,133 0,133 0, 1B3
15 ¢, 933 15,60 0,067 0,067 0, 0p7
16 1,000 10,00 0, 000 0, 000 0, OpPO
TR24705/T3TAO:
Table 17: Cgérm&\\e@% C6 of the digital ISO/IEC-test chart 3 in white-black-direction
Coordlinates of Be(uré\CG mﬁ@tﬁﬁl SOMEC-test chart 3 in White-Black direction

grey step CIEL I *-coordi nat es

absol \nates rel ative coordi nates
decil mal deci hexadeci mal and deci na

tes achrom chromatic Cw chromatic OLV
no. |n* L ar b* n* w* cny* ol v*
01 -0,98 F 1,000 1,000 DO
02 6 -0, 88 0,933 0,933 B3
82 33 -0,78 0,867 0, 867 gg
05 0, 267 74 77 -0,58 3,37 44 BB 44 44 44 0,267 0,267 0, 267 BB BB BB 0, 733 0,733 0,733
06 0,333 69,61 -0,48 3,02 55 AA 55 55 55 0, 333 0,333 0, 333 AA AA AA 0,667 0,667 0,667
07 0,400 64,45 -0,38 2,67 66 99 66 66 66 0,400 0,400 0, 400 99 99 99 0, 600 0,600 0, 600
08 0,467 59,29 -0,28 2,32 77 88 77 77 77 0,467 0,467 0, 467 88 88 88 0,533 0,533 0,533
09 0,533 54,13 -0,19 1,97 88 77 88 88 88 0,533 0,533 0,533 77 77 77 0,467 0,467 0, 467
10 0,600 48,97 -0,09 1,62 99 66 99 99 99 0,600 0,600 0, 600 66 66 66 0,400 0,400 0, 400
11 0,667 43,81 0,00 1,27 AA 55 AA AA AA 0,667 0,667 0,667 55 55 55 0,333 0,333 0, 333
12 0,733 38,65 0,10 0,92 BB 44 BB BB BB 0, 733 0, 733 0, 733 44 44 44 0,267 0, 267 0, 267
13 0,800 33,49 0,20 0,58 CC 33 CC CC CC 0,800 0,800 0, 800 33 33 33 0,200 0,200 0, 200
14 0,867 28,33 0,30 0,23 DD 22 DD DD DD 0, 867 0, 867 0, 867 22 22 22 0,133 0,133 0,133
15 0,933 23,17 0,40 -0,11 EE 11 EE EE EE 0.933 0, 933 0,933 11 11 11 0, 067 0,067 0,067
16 1,000 18,01 0,50 -0, 46 FF 00 FF FF FF 1,000 1, 000 1, 000 00 00 00 0,000 0,000 0,000

TR24705/T3TA021

Table 16 and Table 17 show the absolute CIELAB and relatives *-coordinates n*, w*, cmy*, and olv* of the digital
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ISO/IEC-test charts 1 and 3 for the 16-step equally spaced grey scale. The 16 grey steps are given in digital decimal

and hexadecimal form and for achromatic colours by n* or w* and for chromatic colours by cmy* and olv*.

Table 18: Digital *- and **-coordinates in an image file

PSL 1-program: Horizontal rectangle-grey elements (16 steps) with *("star") and *’ (" star-dash')-coordinates

% PS- Adobe-3.0 EPSF-3.0 MMIA034: MMTA031. EPS 29. 04. 2000
%Boundi n?Box 70 80 234 160

[/ FS {findfont exch scal efont setfont} bind def
%%EndProI og

sav

pi cstr 48 string def % or 16x3 ol v*-data

6 / Ti mes- Roman FS
472 83 noveto

_gI'NFIVIVD':ZTIVIvnAU.sL PS)show
72|90 transl ate

/ol y*-data [%l v* (dec); %,j:128x192; k,|: 016x007; hex
1 0.0 0.0 0.0 %,]:121 6. k,l: 002 001: 00
2 17.0 17.0 17.0 % ,]:121 18; k,l: 002 002; 11
3 34.0 34.0 34.0 %,]:121 30; k,l: 002 003; 22
4 51.0 51.0 51.0 %,]:121 42; k,l: 002 004; 33
5 68.0 68.0 68.0 % 121 54; k,l: 002 005; 44
6 85.0 85.0 85.0 % 121 66; k,l: 002 006; 55
7| 102.0 102.0 102.0 % 121 78; k,l: 002 007; 66
8| 118.0 118.0 119.0 % 121 90; k,l: 002 008; 77
9| 135.0 135.0 136.0 % 121 102; k,l: 002 009; 88
10| 152.0 152.0 153.0 % 121 114; k,l: 002 010; AA
11| 169.0 169.0 170.0 %, 121 126; k,| 002 011; BB
12| 186.0 186.0 187.0 %,]:121 138; k,|: 002 012;
13| 203.0 203.0 204.0 %,):121 150; k,l: 002 013;
14| 220.0 220.0 221.0 %, 121 162; k,| 002 014;
15| 237. 0 237.0 238.0 %,]:121 174; k,l: 002 015;
16| 255.0 255.0 255.0 %,):121 186; k,|: 002 016;
] d¢f %End ol v*-data
/oly*' -data [ %l v*' (dec); % ,|:128x192;i n: 6 pixel
8. 1.0 %,):121 6 i

OOOOI\)I—‘I—‘OI—‘I—‘OI—‘(.OOHOO.
b—‘OI—\NOOI\)OOOHI—‘I\)I—‘OO“
RPORPPRPOOROOORNNROOT,
RPOOROOROOONRFRFROOOD

OCOOOFRFPNORNORFRWE

BANNRPFRPONOOW A
ArRPFRPFPNOROO

0163600 div 72 X \ 6 div 5 nul scale
%l v*-data (upper row), olv*’ -data (bottomro
016|005 8
icu rentfi
al e 3

col ¢ri mage

TFTFTFTFIFTF7 P

00000011111122222 33333 4442444555555666666777777888888999999AAAAAABBBBBBCCCCCCDDDDDDEEEEEEFF

TFTETFTFTFTFTFFYRT 7F7FF?F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F

0F030B11080B23161D3028293E3838494444575251645F61716C6E7E7B7E8B888C99959BA6A3A7B3AFB3CABFC3CF

Z/GFAZE 355;F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F7F
ta

gregtore

shoywage

wa aifer

W)

TF7F
FFFF
TF7F
CCCE
TFTF

TR24705/T3TA031

Table 18 shows digital *- and *-coordinates in an original (ISO/IEC-test chart 1) image file for the equally spaced 16-

step grey scale. The change of the *-coordinates of the original produced by the scanning process (including

software) leads to **-coordinates. In the upper part of Table 18 decimal data (olv*- and olv*‘-coordinates) are given, in

the ,colorimage-part” (bottom part) hexadecimal values between 00 and FF are given.

NOTE 1: Table 18 is a complete PostScript-image file which can be read by any editor, viewed with display-

Postscript, transformed to a PDF-file, viewed on a monitor, or sent to a printer to produce an output.
NOTE 2: The image file includes 16 grey steps (hexadecimal 00 to FF) in the ,colorimmage-part®. Backgro

und

serves as mean grey (decimal 127 and hexadecimal 7F) in the rows 1, 3 and 5 of Table 18. Row 2 includes the
original *-coordinates (,star-coordinates”) of the digital ISO/IEC-test chart. Row 4 includes the *-coordinates

(,star-prime-coordinates”) produced by a scanner.
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Figure 21: Original 16 grey steps and output of 16 grey steps with *- and *'-coordinates.
In the upper row Fig. 21 shows the *-coordinates (,star-coordinates”) described by hexadecimal data between 00
and FF for the 16 equally spaced grey steps of the input. The fact that they are equally spaced is shown in

Table 18 for ISO/IEC-test chart 1. In the lower row Fig. 21 shows the *'-coordinates (,star-prime-coordinates)

with

hexade dl Udid DELWETIT UO A O Jrey D E a ET OUtpU ESE die not eqgualy paced in
Table 18 for the digital scanner-test chart 1.
Table 19: Colorimetric data for the series W—N of ISO/IEC-test chart 1 and m—test chart 1

i LAB*ref olv*out w* LAB*out LAB*ouc

100 00 00 158 84 110 004 1358 00 00 1358 00 gto

2156 00 00 172 88 110 005 138 00 00 1382 5

3f12 00 00 350 224 2900 01 1876 00 00 1876

4 |268 00 00 482 404 410 017 2416 00 00

5324 00 00 620 568 564 023 2928 00 00

6 [380 00 00 736 686 682 028 3315 00 00

7436 00 00 872 84 816 033 00 00

8 [492 00 00 1000 954 972 038

9 |[548 00 00 1138 1084 1104 043 Lightness gamut

10 [604 00 00 1262 1230 1264 0.49 f*= 99.3

11 [660 00 00 1394 1364 1404 054

12 [726 00 00 1534 1494 1558 0.59

13 [772 00 00 1668 1634 16

14 [s28 00 179.4 1752

15 |884 00 Mean colour difference (16 ssmples)

16 [940 00 7757 00 00 1643  AE*cigag= 8.2

17 [100 00 1358 00 00 358

18 |30 00 2416 00 00 684

19 [520 00 3767 00 00 14.33

20 |[73.0 00 5965 00 0.0 1335 Mean colour difference (5 sanmiples)

21 |940 00 7757 00 00 1643  Al*cigLag= 10.9

Ripm= 59

TR24705/T3TA|
For the colounseries W-N of digital ISO/IEC-test chart 1, Table 19 shows the original CIELAB}-data
(left si st chart includes relative w*-data which allow calculation of the corresponding
CIELAB-data of the' scanner-test chart. Table 19 serves as example for the colorimetric specification of the scpnner
output|according*to Annex G.
This colorimetric specification of the scanner output depends on transformation possibilities between relative -
coordipates (,star-coordinates* rm in
both dire a*b*-
coordinates in CIELAB colour space. These data for the offset printing process are given in Table 6.

NOTE: Computer programs for the transformation between relative cmyolvnw*-coordinates and L*a*b*-

coordinates of CIELAB colour space and vice versa are given as technical information on web sites (see

Annex N).
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11.Visual and colorimetric test of scanner systems: “analog — digital”

The main procedures for the visual and colorimetric tests for all applications are described in Section 5.

11.1 General

For reproduction systems “analog — digital” (scanners) use the Section 5.1 “General” and the following additions: for

the purposes of this Report at least two out of the four digital scanner outputs are required. These must be

produced from the analog ISO/IEC-test charts one after another with unchanged mode for the colour scanner. The
colours in the ISO/IEC-test charts are defined in relative L*a*b*-data, in part also in absolute L*a*b*-data. See

pictures B1 and B6 of test chart 2 as well as picture D1 and D6 of test chart 4.

The operating mode recommended by the colour scanner manufacturer should be used and must be specified in

the teqtreport. Any deviations must be Specified.

The vigual test and the colorimetric specification of image reproduction of colour devices can be done hy.
compdrison of

— djgital scanner output with the digital ISO/IEC-test chart which corresponds to the ana
usgd with the scanner

—ahalog printer or monitor output or of the digital scanner file with the an
test chart).

For the test two methods are available:
a) \isual testing, if necessary with optical aid such as a magnifying

150 dpi halftone resolution.

arge files and require a lot of storage space
EC-test charts and 300 dpi or 600 dpi half

b) ¢olorimetric specification (for i
The tepting results have to be sum
For the visual evaluation of the |pisture

For th¢ visual evaluation e
The sgctions of these forimgc
11.2 Visual test

For the reproductio

11.3 [Colorimetri
For the reproductions

12. Test report of scanner systems: “analog — digital”

The tept repert.for all applications is described in section 6.

12.1 IGeneral

NOTE 2: The web server http://www.ps.bam.de_ha IX@Ni itiie ISO/IEC-test charts. These are

chart

D/IEC-

brinter
lution
least

e SO/

-pikel file

t

For the reproduction systems “analog — digital” (scanners) use the Section 6.1 “General” and the following additions:

The test report with the results of the test should at least contain the following:
— statement of the colour scanner device model;
— selected scanner working mode and/or specification of the selected adjustment
— Specification of the ISO/IEC-code for input, output and reference (see Annex H, Table H.3).
— Statement if “analog” - or “digital” -reference is chosen.
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—in case of “analog” -reference:
For a printer the following parameters are necessary:
— statement of the colour printer device model,
— selected printer working mode and/or specification of the selected adjustment,
— for the specification of printers the special adjustments and materials used,
— description of the paper used,
— description of other supplies used (toner, printer cassettes),
— imageable paper area of A4 size (e. g. 185 mm x 285 mm);
For a monitor the following parameters are necessary:

—statement-of- the-cototrmonitordevice-mocdet
— selected monitor working mode and/or specification of the selected adjustment,
— for the specification of monitors the special adjustments and materials used,

— specification of the room illumination used,

— specification of other environment conditions (room illuminance),
— viewed monitor area of the A4 size (e. g. 185 mm x 285 mm);

- further in case of “analog”-reference:
- at least two forms filled out for the visual interpretation of the i

— verbal descripgion o
scales of the u@e
— if possible a coloyi
prime”-coordinate

|
—

gst person, pl
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13. Test charts for image reproduction of monitor systems: “digital — analog”

The test charts for all applications are described in Section 4.

13.1 General
The analog and digital test charts for the assessment of monitor outputs are defined in Section 4.1.

13.2 Output technique for colour image reproduction devices: “digital — analog”
(monitors)

The digital ISO/IEC-test charts 1 to 4 in the PS (PostScript) (or equivalent) format can be read by any editor on
nearly every computer nppmring system Thpy include the colours in absolute (I AR*) ar relative (I;lh*) CIEl AB-
coordipates.
A useful standard reproduction process is to produce an analog output (reproduction) of a digital ISO/AEC-test
chart 4nd then to compare the analog output with the corresponding analog reference testchart. An-analog
monitpr output may be compared with a transparent analog ISO/IEC-test chart on t surfac of@luminousfarea
D65 light source.

NOTE 1: The monitor output is influenced by the computer operating syst€m, th he
onitor driver, the monitor mode and the hardware.
NOTE 2: The image reproduction device transforms the digital *-image mage

~star-prime-image") by the reproduction process. This transfor
fransformation (see Fig. 1)

mage"“) and then reproduced with the standard device trapsfdrmation\see Fig i of the
computer operating system or by the software within the\Display<P i X

Feproduction device, and they will also be i
NOTE 4: The calculation of the inverse digi [ Ime-star-image*) from the digital *-image (,star-

mage") to optimize the output is not a part of thi ica he
putput.
/\\l/\
Digital 1SO/IEC-t PS ({Di INTERNET:
chartsno. 1te¥4; g\ | SO/IEC-test chart
filewith CI P as monitor image;
data: L*a*b* (LAB* NN ver (Macintosh) | |Web browser e.g.
format: PS op&yival Upix (HP, Sun, SG1, 1BM) | | Netscape Navig,
PS. F%Rh% Microsoft Expl.
: ) I with "Plug-In"
file ﬁ&\ PDF PDE-Viener
Adobe Acrobat
Transfobmation'ef PS- Reader (Search)
toPDFfile. 2 g. with creates window
Adobe Acrobat Distiller PDF scroll and
scale (16x)
with web browser
L Analog |SO/IEC-test chart on aluminous area D65 |
comparison under daylight D65
Analog monitor output of adigital 1SO/IEC-test chart |7

TR24705/T4B1011

Figure 22: Creation and colour output techniques for the digital test charts on monitors
Fig. 22 shows the creation of digital ISO/IEC-test charts by Display-PostScript and the analog monitor output of
digital ISO/IEC-test charts with different software and different computer operating systems in the PS (PostScript),
PDF (Portable Document) (or equivalent) formats. Fig. 22 shows a schematic use of a digital ISO/IEC-test chart in
the PDF format for monitor output using an internet web browser. The analog monitor outputs must be compared
with the analog reference monitor (transparent analog ISO/IEC-test chart on a luminous area D65 light source).
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Digital 1SO/IEC-test
chartsno. 1to 4;
filewith CIELAB

data: L*a*b* (LAB*)
format: PSor equivalent

PS

PS

Display-PostScript:
Nextstep; Windows-
Openstep (Intel)

OS X Server (Macintosh)
Unix (HP, Sun, SGI, IBM)

file

PS t Examples: Input (i), digital (d)
Digital transmittance test chart of an

Colour devices:
Monitor
or

| [Display, ...

Production of an

Fig. 23
the cre
be con

analaatrancnarant caorrespondina-production.
cHe OG- HaRSPaFeRt-CoH-ESPeREHgPreatHeHoR

Reference(r) isthe analog1SO/IEC-test chart
— (no comparison of monitor with reflectance colours)
Analog transmittance test chart on luminous area D65

Comparison under (chromaticity) daylight D65

analog output
from adigital
| SO/IEC-test chart
dependent gh:

device )~

Analog output (0) of the digital | SO/IEC-test chart
(Monitor light colours similar to transmittance light colours)
Analog monitor output under chromaticity D65

TR24705/T4B1021

npared with the analog reference (botto

shows the creation of an analog ISO/IEC-test chart eferg
ation of an analog monitor output fromw eh

Digital 1SO/IEC-test
chartsno. 1 to 4;
filewith CIELAB

data: L*a*b* (LABF)
format: PS ivalent

PS

D

&

igital |
[
isplay<Po

n With reflectance colours)

ittance (t): i(hc)(ad/st/nf)td

K

~
PS Y [Cod€exanples, Imput()ydigital (d)
file t(o arlwd(
Input (1),
/

- (transmi
Refer

ence (r), analog(a)
rt on luminous area D65)
e1(r), tkansmittance (t), analog (a): r(h/c)adta

Compartsefi under (chromaticity) daylight D65

Colour devices:
Monitor

or

Display, ...
Production of an
analog output
from adigital

| SO/IEC-test chart
dependent on:
device mode, ...

Cade for colour device output (0), analog(a)
(Monitor light colours similar to transmittance light colours)
Output (0), transmittance (t), analog (): o(h/c)adta

TRIATOSI TABIOSTP

Figure 24: Codes for evaluation of image reproduction for colour devices: “digital — analog”

ital ISO/IEC-test chart (left) and

(right). This analog monitor outpuf must

Fig. 24 shows code examples for the input, output and reference of image reproduction of colour devices: “digital —
analog” shown in Fig. 23. This analog monitor output must be compared with the corresponding analog reference.
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Digital achromatic
| SO/IEC-test charts

Analog (a)chromatic monitor output
(Easy comparison: transmittance test chart)

LAB* or lab* LAB*’ or lab*’
N* or n* CMY*’ or cmy*’
W+ or w* OLV*’ or olv*’
s .
PS- or PDF-*-imagefile image comparison:

(analog images)

visual and/or

and

Fig. 25
assesy
the an
in tran

13.3
anald

The fo
-A

13.4
The P

There

colorimetric
specification

@ware

. .
PS- or PDF-*-imagefile o~
Digital chromatic Analog (a)chromatic | SO/IEC-test ch

| SO/IEC-test charts (Transmittance test chart: luminou D65) N
LAB* or lab* LAB* or lab*

CMY* or cmy* CMY* or cmy*

OLV* or olv* OLV* or olv* >

TR24705/T4B1041

Parameters for the PS-output of col im
i N

lowing methods can be wsedtQ create outptitising the)F
S-files can be reproduced di i cript (min. Level 2) on a colour monitor.
NOTE 1: The mo

The monitor outputNs/Mma
OS X Server).

NOTE 2: Achromatic IS
PostScript operati

NOTE: Distillet-Version number 3.0 or higher is required so that the device independent CIELAB-data g
PS-files canbe includ&d in the PDF-files. Distiller-preferences (e. g. halftone Yes/No), change the printg
halftoneoutput, e. g. the output of pictures A5 or C5 of ISO/IEC-test charts 1 or 3 of PDF-files comparg
PS-files.

are.various methods to make output using PDF-files.

a) FPDFE-TIIes Can pe viewed on any monitor ol any computer operating system With Adobe ACrobal Keader

Fig

. 22).

with
chart

stem.

play-

f the

=

d to

(see

b) PDF-files can be viewed on the internet or “offline” by web browsers (e. g. Netscape Navigator, Microsoft
Explorer) with the installed Plug-In Adobe Acrobat Reader on any operating system and on any monitor.

42

NOTE 2: The monitor output is dependent on the software (Web browser, Adobe Acrobat Reader) , the
monitor driver and the monitor settings.
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14.Visual and colorimetric test of monitor systems: “digital — analog”

The main procedures for the visual and colorimetric tests for all applications are described in Section 5.

14.1 General

For the reproduction systems “digital — analog” (monitors) use the Section 5.1 “General” and the following additions:

At least two out of the four analog monitor outputs are required. These must be produced from the digital ISO/IEC-
test charts one after another with unchanged mode for the colour monitor. The colours in the ISO/IEC-test charts
are defined in relative L*a*b*-data and also in absolute L*a*b*-data in part. See pictures B1 and B6 of test chart 2 as

well as picture D1 and D6 of test chart 4.

The recommended operating modes of the manufacturer of the colour monitor should be used together with glare

free room illumination and these must be specified in the test report. If deviations are necessary, these must e

specifipd.
The visual test and the colorimetric specification of image reproduction of colour device
compdrison of the analog colour monitor output with the analog reference (the trans
chart ¢n a luminous area D65 light source). Two test methods are available:

visual testing, if necessary with optical aid such as a magnifying glass-
colorimetric measurement and specification (for interpretation see Ar
The tepting results have to be summarized as follows:

can be done' by
analeg ISO/IEC

For the visual evaluation of the frame area the forms in Annex E g
The sqctions of these forms correspond to the different testing ¢

14.2 [Visual test
For the reproduction systems “digital — analog” (

14.3 [Colorimetric specification
For the reproduction systems “digité

15. Test report of mo

The tept report for all ap@i

15.1 |General
For the reproduction syste monitors) use the Section 6.1 “General” and the following add
The tept report with ¢he re 3f the hall contain at least the following:

— sfatement of

— Ypecification.of tt EC-code for input, output and reference (see Annex H, Table H.3)

— Fpr a monitor theJollowing parameters are necessary:

- selected monitor Wwerking mode and/or specification of the selected adjustment,
- for the Specification of monitors the special adjustment and materials used,

- specification of the room illumination type used,

- spedification of other environment conditions (room illuminance),

-'size of the monitor area viewed (e. g. A4 185 mm x 285 mm);

— at least two forms filled out for the visual interpretation of the image area of test charts 1, 2, 3 and 4,
at least one form for an achromatic test chart according to Annex A or Annex C,
at least one form for a chromatic test chart according to Annex B or Annex D;
— two forms filled out for the visual interpretation of the frame area of test charts 1, 2, 3 and 4,
one form for an achromatic test chart according to Annex E,
one form for a chromatic test chart according to Annex F;
— the normal colour vision and normal visual acuity of the testing persons are to be stated;
— optional — a colorimetric measurement and specification according to Annex G;
— test person, place and date
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Annex A:
Form A for the picture area
This form may be freely copied

For this test the output (reproduction, display) and the ISO/IEC-test chart 1 (original, reference) is necessary

Test of the radial grating according to picture Al

N-W-radial grating: Is the resolution diameter < 6 mm? Yes/No
Test with magnifying glass (e.g. 6x) resolution diameter:  ............ mm
W-N-radial grating: Is the resolution diameter < 6 mm? Yes/No
festwithrmeagmifymg glass (&-g- 6%) resotatomdiameter s TTITTT
N—Z-radial grating: Is the resolution diameter < 6 mm? Yes/No
Test with magnifying glass (e.g. 6x) resolution diameter: ...« mm
IN—Z-radial grating: Is the resolution diameter < 6 mm? Yes/No
Test with magnifying glass (e.g. 6x) resolution digrmeter: N\ ah7. mm
Fest of 5 visually equally spaced L*-grey steps according to picture A2
Mre all the 5-steps on the upper row distinguishable? o]
f No: How many steps can be distinguished? ~ ofthe given\§steps:\. ... Steps
Fest of 16 visually equally spaced L*-grey steps according to pi
Are all the 16-steps on the upper row distinguishable? Yes/No
f No: How many steps can be distinguished? (/) ofthe'given 1@ steps:  ......... Steps
Fest of the Landolt-rings N-W according tg/
s the recognition frequency of the Landolt-rings
kground — ring
1 Yes/No
8 Yes/No
-F Yes/No
-0 Yes/No
6 Yes/No
D Yes/No
Fest of the line scr@
Can equally spaced lineg be
Visual testing: Eq Yes/No
Test with a magnifyq to . Ipi
Fest of the
Can equal
Visual tes Yes/No
Test with a magRifying glass (e.g. 6x): Equally spaced line screeen can be seen from 15 Ipi: to .o Ipi

[R24705/IDEGAR18.PDF

Form A for the visual interpretation of the ISO/IEC-test chart 1 reproduction for colour devices accord

ISO/IHCAR-24705:2005(E)

ng to
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Annex B:
Form B for the picture area

This form may be freely copied
For this test the output (reproduction, display) and the ISO/IEC-test chart 2 (original, reference) is necessary

Test of the (flower) image according to picture B1
Are there clear (immediately conspicuous) differences between reproduction and reference test chart?  Yes/No

Subjective remarks about the colour reproduction of the (flower) image, the CIE-test colours and the 16 grey steps:

isual testing: Is the resolution diameter < 6 mm? Yes/No Yes/No
Test with magnifying glass: Resolution diameter ... mm ... mm ...

Test of the 14 CIE-test colours according to picture B3
\re clear (immediately conspicuous) differences recognized between rég
If Yes: How many colours have clear differences?

If No: How many steps can be distinguished

of the given 16 steps:  ............

of the given 16 steps:  ............ Steps
(VY White—Yellow:

V—N White—BIack:Q

of the given 16 steps:  ........... Steps

of the given 16 steps:  ........... Steps

[ etters (17 from 32 at least) and for Landolt-rings (min. 5 of 8)?

Rings N Rings C Rings M RingsY
Yes/No Yes/No Yes/No Yes/No
Yes/No Yes/No Yes/No Yes/No
Yes/No Yes/No Yes/No Yes/No
Yes/No Yes/No Yes/No Yes/No

Test ofrecognition frequency of Landolt-rings W—C, W—M, W-Y and W-N according to pictures B6 and B7
Is therecognition frequency of the Landolt-rings > 50% (min. 5 of 8 at least)?

Colour row \\W_.C. Colour row \\/_M Colaour row \\W.Y. Colour row \\/._N
background —ring background —ring background — ring background —ring
0-1 Yes/No 0-1 Yes/No 0-2 Yes/No 0-1 Yes/No
7-8 Yes/No 7-8 Yes/No 6-8 Yes/No 7-8 Yes/No
E-F Yes/No E-F Yes/No D-F Yes/No E-F Yes/No
2-0 Yes/No 2-0 Yes/No 4-0 Yes/No 2-0 Yes/No
8-6 Yes/No 8-6 Yes/No 9-5 Yes/No 8-6 Yes/No
F-D Yes/No F-D Yes/No F-B Yes/No F-D Yes/No

TR24705/IDEGAF14.PDF

Form B for the visual interpretation of the ISO/IEC-test chart 2 reproduction for colour devices according to
ISO/IEC TR 24705:2005(E)
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Annex C:
Form C for the picture area
This form may be freely copied

For this test the output (reproduction, display) and the ISO/IEC-test chart 3 (original, reference) is necessary

Test of the radial grating according to picture C1

N-W-radial grating: Is the resolution diameter < 6 mm? Yes/No
Test with magnifying glass (e.g. 6x) resolution diameter: ............ mm
W-N-radial grating: Is the resolution diameter < 6 mm? Yes/No
Test with magnitying glass (€.9. 6X) resolution diameter: ... mm
N—Z-radial grating: Is the resolution diameter < 6 mm? Yes/No
Test with magnifying glass (e.g. 6x) resolution diameter: ... mm
W—Z-radial grating: Is the resolution diameter < 6 mm? Yes/No
Test with magnifying glass (e.g. 6x) resolution digmeter:  N\as)..... mm

Test of 5 visually equally spaced L*-grey steps according to picture C2
Are all the 5-steps on the upper row distinguishable? S
f No: How many steps can be distinguished? 3 1TSS Steps

Test of 16 visually equally spaced L*-grey steps according to pi

Are all the 16-steps on the upper row distinguishable? Yes/No
f No: How many steps can be distinguished? () oftQegiven 16 steps:  ......... Steps
Test of the Landolt-rings N-W according tQ
s the recognition frequency of the Landolt-rings
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Test of the line SCIQ Q
Can equally spaced lin
Visual testing: Eqyall Yes/No
Test with a magnifyq to .o Ipi
Test of th
Can equa
Visual testi Yes/No
Test with a ma o .o Ipi

Form
ISO/IB

'R24705/IDEGAR15.PDF

C for the visual interpretation of the ISO/IEC-test chart 3 reproduction for colour devices accord
CTR.24705:2005(E)
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Annex D:
Form D for the picture area

This form may be freely copied
For this test the output (reproduction, display) and the ISO/IEC-test chart 4 (original, reference) is necessary

Test of the (flower) image according to picture D1
Are there clear (immediately conspicuous) differences between reproduction and reference test chart?  Yes/No
Subjective remarks about the colour reproduction of the (flower) image, the CIE-test colours and the 16 grey steps:

W-0 W-L W-V
Visual testing: Is the resolution diameter < 6 mm? Yes/No Yes/No Yes/No

fest with magnifying glass: Resolution diameter ... mm  ...mm ... )

[est of the 14 CIE-test colours according to picture D3

\re all the 16-steps on the upper row distinguishable?
f No: How many steps can be distinguished

V and W-N according to picture D4

Yes/No
of the given 16 steps:  ............ Steps
Yes/No
of the given 16 steps:  ............ Steps
Yes/No
of the given 16 steps:  ............ Steps
Yes/No
of the given 16 steps:  ............ Steps
Rings N Rings O Rings L Rings V
Yes/No Yes/No Yes/No Yes/No
Yes/No Yes/No Yes/No Yes/No
Yes/No Yes/No Yes/No Yes/No
Yes/No Yes/No Yes/No Yes/No

Fest of recognition frequency of Landolt-rings W—0O, W—L, W-V and W—N according to pictures D6 and D7
s the recognition frequency of the Landolt-rings > 50% (min. 5 of 8 at least)?

Colour row W-O Colour row W—-L Colour row W=V Colour row W-N
backaround — ring background — ring background — ring background — ring
0-1 Yes/No 0-1 Yes/No 0-1 Yes/No 0-1 Yes/No
7-8 Yes/No 7-8 Yes/No 7-8 Yes/No 7-8 Yes/No
E-F Yes/No E-F Yes/No E-F Yes/No E-F Yes/No
2-0 Yes/No 2-0 Yes/No 2-0 Yes/No 2-0 Yes/No
8-6 Yes/No 8-6 Yes/No 8-6 Yes/No 8-6 Yes/No
F-D Yes/No F-D Yes/No F-D Yes/No F-D Yes/No

TR24705/IDEGAF16.PDF

Form D for the visual interpretation of the ISO/IEC-test chart 4 reproduction for colour devices according to
ISO/IEC TR 24705:2005(E)
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Annex E:
Form E for the frame area

This form may be freely copied
For this test the output (reproduction, display) and the ISO/IEC-test chart 1 or 3 (original, reference) is necessary

Please fill out or mark by ( x ):

Test of achromatic ISO/IEC-test chart 1 () or ISO/IEC-test chart 3 ( ):
ISO/IEC-test chart: e. g. Test chart 3 for colour devices (write text from the frame area of ISO/IEC-test chart)

ISO/IEC-BAM-identification: e. g.20031201-DE88/10L/ (write code from top right side)  ...oocveeviieeiiiieenee.

ISO/IEC-reference material: e. g. r(h/c)a4(r/t)(a/d) (write code from bottom right side)  .......coccciiieiniins
Eile-name- e g | 83FO0NPPDE (write code from top side)
Reproduction technique for , halftone (h)“ ( ) or,continuous tone (¢)* ( )
NOTE: The usual output technique for printer and copier is (h). For photo, film, monitor and scanner it is (c).
[est of reproduced lines according to lines defining rectangles in the frame region:
NOTE: An ISO/IEC-reference test chart is in accordance with the methods of this Tgchnica Lif there are at
least some complete lines for the inner (thicker line) rectangle. For this purpose Stwe nd 20 lineg
on an ISO/IEC-test chart.
How many lines are on the ISO/IEC-test chart? lines are given
How many lines of the ISO/IEC-test chart are reproduced? .. lines
A\re the four (inner thicker) lines of the inner rectangle fully reproduced? Yes/Ng
f No: How many inner lines are fully reproduced? .. lineg
[est of agreement of the four 5-step grey scales according (o the grey
A\re there clearly seen differences between the four 5- step Y 5 ' : Yes/Np
f Yes: Indicate by (x ) —only one ( x ) —which gre erage of the four grey scales andl
mark if this is darker or lighter.
top left ()
top right ()
bottom left ( )
bottom right ( )
[est of the scaling factorsfusing
['he width and height of the inne direction in mm of the reference test chart (Ax, and Ay,; r =
eference) and the r Z 10= outpugy must be measured. The scaling factors (s, and s,) in x- and
-direction must be 3.digits inam~and with rounding like the example are used (e.g.s, = 1,01
hnd Sy = 0,98).
Sy = AX Sy =AY, /Ay, =...mm/...mm =,
NOTE: The wig . inner rectangle is defined in PS-file (or equivalent) as 282 mm in x-
direction and 194 maN i 0 get high accuracy of the two scaling factors both the original and the
reprodugti ith the same ruler (do not use values given for the original).
[est of the sh ) Ines compared to black according to the lines of inner rectangle of the frama:
A\re there colourlines C, MY, O, L and V on the test chart belonging to the inner rectangles? Yes/No
f Yes, answer-the following questions:
NOTE. The lines of the inner rectangle have a linewidth of 0,3 mm. If a shift of more than half of this linewidth
(= 0,2mm) is present, it can be easily seen.
Choose one of the two horizontal lines and mark by ( x ):
bottom horizontal line chosen () top horizontal line chosen ( )
Is there a clearly seen (= 0,2 mm) shift of a colour line C, M,Y, O, L andV compared to the black line N ?
C Yes/No M Yes/No Y Yes/No O Yes/No L Yes/No V Yes/No
IfYes: 0,.mm 0,.mm 0,.mm 0, .mm 0, .mm 0, .mm
Choose one of the two vertical lines and mark by ( x ):
left vertical line chosen () right vertical line chosen ( )
Is there a clearly seen (= 0,2 mm) shift of a colour line C, M,Y, O, L andV compared to the black line N ?
C Yes/No M Yes/No Y Yes/No O Yes/No L Yes/No V Yes/No
IfYes: 0,.mm 0,.mm 0,.mm 0,.mm 0,.mm 0,.mm

TR24705/IDEGAF17.PDF

Form E for the visual interpreting of achromatic ISO/IEC-test chart (1 or 3) reproduction for colour devices
according to ISO/IEC TR 24705:2005(E)
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Annex F:
Form F for the frame area

This form may be freely copied
For this test the output (reproduction, display) and the ISO/IEC-test chart 2 or 4 (original, reference) is necessary

Please fill out or mark by ( x ):

Test of chromatic test chart 2 ( ) or test chart 4 ( ):
ISO-test chart: e. g. Test chart 4 for colour devices ISO/IEC(write text from the frame area of ISO/IEC-test chart)
ISO/IEC-BAM-identification: e. g. 20031201-DE96/10L/ (write code from top right Side) .........ccccceeeiiiiiiiiieeiinnnne.

ISO/IEC-reference material: e. g. r(h/c)a4(r/t)(a/d) (write code from bottom right side) .........ccccoecieiieininnes
File-name- e-g LOGEQONRRPDE (\Alrifo code from. tr\p cirln)

Reproduction technique for , halftone (h)* ( ) or ,continuous tone (c)* ( )
NOT: The usual output technique for printer and copier is (h). For photo, film, monitor and scanner it is (c).

Test of reproduced lines according to lines defining rectangles in the frame region;

NOTE: An ISO/IEC-reference test chart is in accordance with the methods of this Teéchnicai Reperi\f there are a

on an ISO/IEC-test chart.

How many lines are on the ISO/IEC-test chart? IRes: .\ines are givep
How many lines of the ISO/IEC-test chart are reproduced? ... lineg
Are the four (inner thicker) lines of the inner rectangle fully reproduced? Yes/No
If No: How many inner lines are fully reproduced? ... lineg

nark if this is darker or lighter.
top left ()
top right ()
bottom left ( )
bottom right ( )

Lo LT e, S R |

Are there colout liness¢, M ¥, O, L and V on the test chart belonging to the inner rectangles? Yes/No
If Yes, answer\the following questions:

NOTE \Fhe lines of the inner rectangle have a linewidth of 0,3 mm. If a shift of more than half of this linewidth
(2,0,2.mm) is present, it can be easily seen.

Choose one of the two horizontal lines and mark bottom or top line by (x ):
hattom haorizontal line chasen ( ) top harizontal line chasen ( )

Is there a clearly seen (= 0,2 mm) shift of a colour line C, M, Y, O, L andV compared to the black line N ?

C Yes/No M Yes/No Y Yes/No O Yes/No L Yes/No V Yes/No
IfYes: 0,.mm 0, .mm 0, .mm 0, .mm 0,.mm 0,. mm
Choose one of the two vertical lines and mark left or right line by ( x ):
left vertical line chosen () right vertical line chosen ( )
Is there a clearly seen (> 0,2 mm) shift of a colour line C, M,Y, O, L andV compared to the black line N ?
C Yes/No M Yes/No Y Yes/No O Yes/No L Yes/No V Yes/No
IfYes: O,.mm 0, .mm 0, .mm 0,.mm 0, . mm 0, . mm

Form F for the visual interpreting of chromatic ISO/IEC-test chart (2 or 4) reproduction for colour devices
according to ISO/IEC TR 24705:2005(E)
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Annex G:

Colorimetric specification
Guidance for the colorimetric specification of reproduction for colour reproduction devices using ISO/IEC-test chart
1, 2, 3 and 4 according to this Technical Report (nearly identical to ISO/IEC 15775).
G.1 Grey scale according to picture A2 (or C2): Regularity g*
The visual lightness difference between adjacent grey steps in picture A2 (or C2) of test charts 1 (or 3) is the same.
That is, the steps are visually "equally" spaced grey steps. This does not normally occur for reproductions. The
differences of these lightness steps are specified by the measure g*. It describes the regularity of the lightness
reproduction.
Calculation G 1 Regularlty g
For the ; ciziyme
device|L*¢4 tO L* K5 should be measured

NOTE 1: The grey step 1 is the reproduction of the black colour (N = "Noir"), the grey step 5 is the
reproduction of the white colour (W = White). It follows from this:

L*k1 = L'y @nd L¥es = L¥w
Next the lightness differences (AL*y; ... AL*c, ) to the next lighter step can be ca

AL*¢ = | Lo — L*1 | = | L2 = Lk | (eq. 1)

AL* = | ks — L*k2 | (eq. 2)

AL*3 = | L*kq — L*ka | (eq. 3)

AL*4 = | L*ks — L*ka | = | L*',w — L¥ka | (eq. 4)
The regularity g* of the lightness scale is defined by the quotient of the s eatest lightness differgnce
(AL*id respectively AL*,,,) multiplied by a factor 100

g* =100 AL* i / AL* ax (ed. 5)

NOTE 2: Ideally the regularity has the value g* e case wheye the two steps are identical the|value

sg*=0
Example G.1: Regularity g*
If: L*¢4q|= L*KN = 24;

Al*gg =] L*q—L*
Al*4 = | L5 — L
g* = 100 AL* i / AL* &,

G.2 Gley scale accoraing\to Rictu
Differgnces occur in he I|g A1
gamut|f* is specifi

Calculation G.2:
The C|ELAB-lightnessik
the lightness gamut f*.

For the lightness gamut f* the following applies:
= 200 (L*w — L* kn ) / (L*yw — L* wn) (eq. 6)
NOTE: Ideally, when white and black are reproduced with the same lightness as in the test chart, the following
aftesappty 5w =94andtyy—=16:

f* =100 (L*«w—L*xn )/ (LYyw—L*yn)=2100(94-10)/(94-10) =100
On devices f* is normally smaller than 100.

Example G.2: Lightness gamut f*
If: L*gq = L*¢n = 24; L*ks = L*«w = 90; L*yn = 10; L*,y = 94 then:

¥ of black (N) and white (W) in the test chart (V) and reproduction (K) serve for calculation of

f*:100(L*KW_L*KN)/(L*VW_L*VN):100(90_24)/(94_10):79
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G.3 Grey steps according to picture A2 (or C2): Mean lightness difference AL*,

The five equally spaced grey steps normally show various lightness differences in the reproduction and the test
chart. From this a mean lightness difference AL*,, for the achromatic test charts 1 (or 3) can be calculated.

Calculation G.3: Mean lightness difference AL*,

The CIELAB-lightness L* of the five grey steps of the test chart (V) and reproduction (K) serve for the calculation of
the mean lightness difference AL*,,. The lightness L*« of the five grey steps of the reproduction must be centered on
the lightness gamut of the test chart to receive the centered lightness L*.

L*z = L* = 0,5 [ (L*,n — L*wn ) — (Lvw — L¥kw ) ] (eq.7)
The mean lightness difference AL*,, is calculated from the five lightness differences on the reproduction
L*«, and the test chart [ *,
AL*, = 0,2 (| L*za — Lfva | + | L*kza = L*v2 [ + oo + | Lkzs — L*vs |) (eg. 8)
NOTE 1: Ideally the mean lightness difference has the value AL*,, = 0.

NOTE 2: A pure regular shift of the lightness of the reproduction compared to the
| *,w = 94 or 91) has no influence visually and will not change the calculated

Rarts«(L*yn = 14 or 7,
differencel AL*,.
Example G.3: Mean lightness difference AL*,

L*yq =|L*yN = 10; L*, =31, L*;3=52; L*,=73;
L*Kl = L*KN = 24; L*KZ = 40; L*K3 =56; L*K4 =74,
L*KN - L*VN =24-10=14

L*VW - L*KW =94-90=4

Centrglization:

I-*KZl = I-*Kl - 015 [ (L*KN - I-*VN) - (L*VW ~ *KW) ]
L*«z1=24-05(14-4)=19
L*«»,=40-05(14-4)=35
L*«z3=56-0,5(14-4)=51
L*«z4=74-0,5 (14 -4) =69

Lightn

G.4Te
The 14 test coloursof areproguction normally show colour differences compared to the colours of the test chiart.
These|differences'are characterized by the mean colour difference AE*,, r, .
Calculation G.4:"Mean colour difference AE*,,

For the calculation of the mean colour difference AE*,, ., the CIELAB-lightness L* and the red-green chromaticness

a* and| yellow-blue chromaticness b* of the 14 CIE-test colours of the test chart (V) and reproduction (K) in pi¢ture
B6 (or D6) are measured.

From this the 14 special colour differences AE*,,; (i=1, 2, ..., 14) of reproduction and test chart are calculated as
follows.

AE* 4, = [ (L' — L¥vi )? + (@ — a¥yg )* + (0¥ — b¥y ) 1M2 (eq.9)
The special colour differences AE*,,; are used to define the mean colour difference AE*,, !
AE*pm = 0,0714 (AE* 41 + AE* 5 + AE 53 + ... + AE* 4 14) (eq. 10)

NOTE: Ideally the mean colour difference has the value AE*, ,, = 0.

Example G.4: Mean colour difference AE*,,
The mean colour difference AE*,, ,, is calculated from the colorimetric parameters L*a*b* of the test chart (V) and
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reproduction (K) with 14 special colour differences AE*,,; (i=1, 2, ...,14).

Table G.1: Colorimetric parameters of the intended and reproduced 14 CIE-test colours

CIE | Intended CIELAB Produced CIELAB CIELAB differences CIELAB-
test data of CIE Publ. 13.3 | data of copied colours | of test colours test colour
colour | Original (V) Copy (K) Difference (K-V) difference
no. |Ly, |ay, |b% Lx|at |b% ALy |as:,|aR:, |AEY,

1 61.45 | 1753 | 11.74 60.71 | 185 9.5 -0.73 097 [|-223 2.55

P4 0U.0Y U.Uo £0.92 D0.04 o.L9 £0.901 —1.04 0.40

3 62.02 |-20.58 | 44.41 61.79 |-21.49 | 44.33 -0.22 0.94

4 61.2 |-33.16 | 17.07 62.06 [-35.43 ] 19.12 0.86 3.18

5 624 |-1747 | -855 | 61.7 |-15.02 |-10.62 | —0.69 8

6 61.51 | —0.36 |-28.39 60.17 247 |-29.72 | -1.33

7 61.12 | 20.15 |-24.55 63.11 | 17.05 [-23.55 1.99

8 62.77 | 27.42 |-13.63 | 62.66 | 27.66 |-13.57 | -0.1

9 39.92 | 58.74 | 27.99 39.37 | 55.26 | 24.74 -0.
10 81.26 | —2.89 | 71.56 82.06 | -2.84
11 52.23 |-42.42 | 13.6 53.43 |-44.12
12 30.57 141 |-46.47 29.63 4.84
13 80.23 | 11.37 | 21.04 78.2< 2.32
14 40.75 |-13.8 24.23 41.47\§-12. 7 \

Average CIEL?«B%OIOU\Q\H{eN

TR24705/TRAGO11

Table 5.1 shows the L*a*b* -colork
differepces.

|d andreproduced 14 CIE-test colours and their CIELAB-

G.5 Mean Colour repr@ »

The reproductions of the ‘ ) teps (pictures A2 and C2) and the 14 test colours (picture B6 and
D6) inglicate different colo garedA0 the corresponding steps of the test chart. These differences are
charadterized by the meaq co tion Jhdex R*,, . It considers the mean lightness difference AL*,, (for the
grey sieps) as well a ur difference AE*,, ,, (for the chromatic colours)

Calculation G.5;\Ves RL: duction Index R*,y
i according to Annex G.3 and the mean test colour difference AE*,, ,, accqrding

*pm = 100 4,8 AL*y, + 0,737 AE* 4 ) (ed. 11)

OTE: Ideally the mean colour reproduction index has the value R*,, , = 100. It becomes smaller when
ightness and test colour diﬁerences grow.

according to example G.4 the foIIowmg apphes
R*3pm = 100 — 4,6 (0,263 AL*,, + 0,737 AE*;, m)
=100-4,6 (0,263 x 5,4 +0,737 x3,7) =100- (4,6 x4,12) =81 (eq.12)
NOTE: Results in G.1 to G.5 are to be rounded down to two significant digits.
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Table H.2, Table H.4, and Table H.5 three examples are given: a colour copier, a printer and a scanner are given.

Annex H:

ISO/IEC TR 24705:2005(E)

Code lists of input, output and reference
The codes for input, output and reference are listed in Table H.1 and Table H.3 for analog and digital mode. In

Table H.1: Code list for analog input, output and reference

process ;
test chart colour image reproduction device compartson
n=1to4 input (i) output (0) output (0) reference (r)
ISO/IEC-code: |ihadra-lOn (n=1t04) |ohadralOn(n=1t0o4) |ohadralOn(n=1to4) |rhadralOn(n=1t0o4
dgscription: halftone (h) halftone (h) halftone (h) halftone (h)
A4 size (a4) A4 size (ad) A4 size (ad) A4 size (ad)
reflectance mode (r) reflectance mode (r) reflectance mode (r) ectancemode (r)
analog (a) analog (a) analog (a) /\( analog (a)
N\
ISP/IEC-code: |icadra-lOn (n=1to4) |ocadra-lOn(n=1to4) |ocadralOn(n=
description: continuous tone (c) continuous tone (c)
A4 size (a4) A4 size (ad)
reflectance mode (r) reflectance mode (r)
analog (a) analog (a)
ISD/IEC-code:; |ihadta-lOn (n=1t04) |ohadta-I0n(n=1to 4< ) |rhadta-lOn(n=1to4
description: halftone (h) halftone (h)
Ad size (ad) Ad size (ad)
transparent mode (t) transparent mode (t)
analog (a) analog (a)
I SP/IEC-code: |icadta-I10n (n=11q 4) \ngélt&IOn (n=1to4) |rcadtalOn(n=1to4
dgscription: continuous tonexg) continuous tone (c) continuous tone (c)
Ad size (a4) Ad size (ad) Ad size (ad)
transparent mol transparent mode (t) transparent mode (t)
anal @ \Q analog (a) analog (a)
Table H.2: Input,ouMd fexencefor a copier
N \process -
test chart Qx‘ copier comparison
ng.=1 inpww (i output (0) output (0) reference(r)
| SO/IEC-code; ihM ohadra-101 ohadra-101 rhadra-101
dgscription: halftone (h) halftone (h) halftone (h) halftone (h)
A4 size (ad) A4 size (a4) A4 size (a4) A4 size (ad)
reflectance mode (r) reflectance mode (r) reflectance mode (r) reflectance mode (r)
analog (a) analog (a) analog (a) analog (a)

TR24705/TRAH021
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Table H.3: Code list for digital input, output and reference

process ;
test chart colour image reproduction device compartson
n=1to4 input (i) output (0) output (0) reference (r)
| SO/IEC-code: |ihadrd-10n (n=1to4) |ohadrd-IOn(n=1to4) |ohadrd-IOn(n=1to4) |rhadrd-I0n (n=1to4)
description: halftone (h) halftone (h) halftone (h) halftone (h)
A4 size (a4) A4 size (ad) A4 size (ad) A4 size (a4)
reflectance mode (r) reflectance mode (r) reflectance mode (r) reflectance mode (r)
digital (d) digital (d) digital (d) digital (d)
ISO/IEC-code: |icadrd-I0On (n=1to4) |ocadrd-I0n(n=1to4) |ocadrd-I0On(n=1to4) |rcadrd-I0n (n=1t04
dgscription: continuous tone (c) continuous tone (c) continuous tone (c) continuous tong (€)
A4 size (a4) A4 size (ad) A4 size (ad) size (a4)
reflectance mode (r) reflectance mode (r) reflectance mode (r) refl cemode (r)
digital (d) digital (d) digital (d) W
| SO/IEC-code: | ihadtd-10n (n=1to4) |ohadtd-10n (n=1to04) rii -\IC‘)q,ék: 1to4
description: halftone (h) halftone (h) hatftone (h)
A4 size (a4) A4 size (ad) 4 size (ad)
transparent mode (t) transparent mode (t) tpansparent mode (t)
digital (d) digital (d) digital (d)
ISD/IEC-code: |icadta-lOn (n=1to4) |ocadtalOn(n=1 rcadtalOn(n=1to4
dgscription: continuous tone () continuous tone ()
Ad size (ad) Ad size (ad)
transparent mode (t) transparent mode (t)
digital (d) digital (d)
Table H.4: Input, output and r ere

telt chart %{n \) comparison
ng. =2 input (Q\/\ output (0) reference (r)
| SO/IEC-code; r&l 02 ohadra-102 rhadra-102
dascription: halftone (h) halftone (h) halftone (h)
A4 size (ad) A4 size (ad) A4 size (ad)
Q reflectance mode (r) reflectance mode (r) reflectance mode (r)
i analog (a) analog (a) analog (a)
Table H.5: Input, output and reference for a scanner
process ;
telt@hart canner comparison
no== nput (1) output (0) output (0) reference(r)
ISO/IEC-code: |icadrd-104 ocadra-104 ocadra-104 rcadra-104
description: continuous tone (c) continuous tone (c) continuous tone (c) continuous tone ()
Ad size (ad) A4 size (a4) A4 size (a4) A4 size (ad)
reflectance mode (r) reflectance mode (r) reflectance mode (r) reflectance mode (r)
analog (a) digital (d) digital (d) digital (d)
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Annex I:
Digital ISO/IEC-test charts of this Technical Report

There are four achromatic ISO/IEC-test charts defined with four different device colour space coordinates.

NOTE For any ISO/IEC test report according to Annexes A through F of this International Standard, the original

ISO/IEC test charts listed+ at the end of Annex | should be used.

1] [

Radial grating (Semens-star) N-W Landolt-rings W-N

-6
8
WWW., sbam.de’DEBG/lOL/LBGEOONP.PSI.PDF, start out] ut

-:l N: NopOutput Linearization (OL) datain File (F), Startup FS) or Device (D) - |f$
background stefd 1 ring step o1 &J

A Hex code Hex code w
7 78 >

E F EF =

/ 2 0 2:0 &
.//ﬂ\\\\ MO000G6C ool o6 g

HIWS - > Fo

Picture C4: Landolt-rings W-N; PS operator: 000n* setcrmykcolor
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0,750 1,000 Nop(min.) Wz (max.)

4Ad’/Sd'dN0039871/710T/983Q-TOZTENOS -UO!!

1 A) sioyiuow Joy uoneadde afed |ihy

L*/ Ylnpul
(@bsolute)

No. and
Hex code

0,867 0,933 1,000

inp t 000n* setcmykcolor
output: 000n* setchM(coI or

Iz
T\

Lﬂ@q‘llllll

siod pue (G

00 ;LW NYd

) eweus=ap

-tét\c}é\rtqw\3 ithcolour device coordinates 000n* (CMYN)

) OON , Start outpl ut : ¢
W NO O tput L|n zatl (OL ain | , Startup (S) or Device (D)
y

background stefd 1 ring step 01
Hex code Hex code
7 78

E-F
20

Landolt-rings W-N

o
Bo1 Wva \/

Picture C4: Landolt-rings W-N; PS operator: w* setgray

o A
7 W/77
..
777777777777 77

lineraster diameter in Ipi

Picture C5: Line raster under 45° (or 135°); PS operator: w* setgray

[£83Qep"weqsd" mmm//:dRy 'Sa|1} KIS 104835 () Ll

T'7=01‘q'glUoBRA ap-wregsd Mmmm/:dny BP0 pUe UO IO |

0,750 1,000  Np(min.) Wj(max.)
lineraster diameter in Ipi

*/5d'dN003/81/70T/.83Q-TOZTE00Z UoeIS

i

1 A) sforiuow Joy uoieadde abed |ing4

Picture C2: 5 visual equidistant L*-grey steps+ NO + WL; PS operator: w* setgray Picture C6: Line raster under 90° (or 0°); PS operator: w* setgray

(absolute)

No. and
Hex code

=3 T LU

L*/Yinput ~ 18025 232/39 283/56 335/7.8 38.7/105 438/137 49.0/176 54.1/22.1 59.3/27.3 645/33.4 69.6/402 74.8/47.9 79.9/56.6 85.1/66.2 90.3/76.8 95.4/88.6

I ICIELAB ! l:‘ l:‘ . . . . . .
retative) e

nput 0,000 0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600 0,667 0,733 0,800 0,867 0,933 1,000

o
(} Picture C3: 16 visual equidistant L*-grey steps; PS operator: w* setgray
g " ISO/IEC 15775and  input: w* setgray -:l
KB/ -ﬁ_hso’ IEC-test chart no. 3according 0 TR'|50y|EC 24705, output: w* setgray >
Y [o] T 6

slod pue (G2

e)eyI=8poo :RLOREW VY

Fig. 1.2: ISO/IEC-test chart no. 3 with colour device coordinates w* (GREY)
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-6
v L [o] Y M C 8
www.ps.bam.de/DE88/10L /L 88EOONP.PS.PDF; start output
N: Nop(%utput Linearization (OL) datain File (F), Startup (S) or Device (D) - |f$
\“ ] ’, background stefd 1 ring step o1 &J
\ // Hex code , s Hex code 78 w
NWZ . z
__—_ e ) &

Z //n\\\\\§

Radial grating (Semens-star) W-N Landolt-rings W-N
Picture C4: Landolt-rings W-N; PS operator: nnn0* setomykcolor

] 7///%//// j//////
Olozoao //////// /

10TB83A-TOZTEO0L -Uo eS|

|dde|:abed |in4

el
OF

Radial grating (Semens-star) N-Z Radial grating (Semens-star) W-Z lineraster diameter in Ipi
Picture C1: Radial gratings (Siemens-stars) N-W, W-N, N-Z and W-Z; PS operator: nnn0* setcmykcolor Picture C5: Line raster under 45° (or 135°); PS operator: nnn0* setcrmykcolor
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T HMH‘UII!"\

(absolute)
i |
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O{%

40d’/Sd'dN

1A) sloyiuow
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s
[W=IE e L ng, ¢

[(relative) |\ % .
Whput 0,000 0250 0500 0750 1,000  No(min.) Wj(max.)

Picture C2: 5 visual equidistant L*-grey steps + NO + WI; PS operator: cmy0* setcmykcolor PSopery N Q)
L*/Ympm 18.0/25 232/39 283/56 335/7.8 387/105 43.8/137 49.0/17.6 54.1/22.1 59.3/27.3 645/33.4 69.6/40.2 74.8/47.9 79.9/5C5 85.1/:06.2 90.3/76.8 95.4/88.6

slod pue (G2
00 :[elileW Y4

No. and %
Hex code >
e, JpeEssennn B
(relative) |\ x i
Winput 0,000 0,067 0,133 0,200 0,267 ; X X ) ,000 ,66 U733 0,860 0,867 0,933 1,000 L
f N Picture C3: 16 visual equidistant L*-grey steps; PS operator: nnn0* setcrmykcolor f N
&J -ﬁ_|ISO/I EC-test chart no. 3 accordingto &J
5 3
3 T L1} £

Fig. 1.3: ISO/IEC-test chart no. 3'with coilqu
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N S
jgmund stefd 1 ring step 01 &
e

X code Hex code
: _ : .

Landolt-rings W-N
Picture C4: Landolt-rings W-N; PS operator: www* setrgbcolor

Bor Nva \\ )/ I

E
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1‘0'Z UOBRA  ap-wegsd - Mmm//:dny :1epIO pue UoITew o |
16830/ Weq'sd" MMWW/:a1Y 'S3[1} Je| WS 10} 335

lineraster diameter in Ipi
Picture C5: Line raster under 45° (or 135°); PS operator: www* setrghcolor

40d’/Sd'dN0036871/710T/683A-T0ZTE00C -Uo eS|

sJond plre (G'z=1A) siojiuow Joj uoiediidde abed ||n4

i
CIELAB,
W (relative) Wik : 500 %
O 3 — -
| L*Yinput ~ 180/25 232/39 283/56 335/7.8 38.7/105 438/137 49.0/17.6 54.1/221 59.3/27.3 645/334 69.6/402 748479 79.9/56.6 85.1/662 90.3/76.8 95.4/88.6 %
(absolute) o
g
No. and [
Hex code 3
&
0133 . . : y X 0, 0600 0667 0733 080 087 0933 1000 A
(C Picture C3: 16 visua equidistant L*-grey steps; PS operator: www* setrgbcolor
" ISO/IEC 15775and  input: www* setrgbcolor -:l
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Fig. 1.4: ISO/IEC-test chart no. 3 with colour device coordinates www* (OLV)
There are four achromatic device colour coordinates for achromatic colours (cmy0*, olv*, 000n* and w*).
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