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Foreword

The author is a member of ISO SCIT (Steering Committee of Image Technology) and was a member of the former
ISO/IEC JTAG2 (Joint Technical Advisory Group No. 2) since 1998. He has edited, studied and discussed many
standard documents in the field of image technology which has been developed during the last 5 years in the
committees ISO/IEC JTC1/SC28 “Office Systems”, ISO TC 42 “Photography”, ISO TC 130 “Professional Graphics”,
ISO TC 159 SC4/WG2 “Visual Display Requirements”, ISO TC 171 “Document Management”, IEC TC 100 TA2
“Colour Management and Measurement”, CIE Division 1 “Colour”, CIE Division 8 “Image Technology”. All the
standard groups have worked hard to specify their needs and to develop appropriate standard documents. However,
a long term view for the standards development is missing. This shall be based on CIE colorimetry and on current
and future trends of image technology. More cooperation between the different standard groups seems appropriate.

This “Technical Report” is intended for discussion in ISO SCIT and the above different standard groups. This
Technical Report shows new possibilities for standardisation on an advanced colorimetric basis and it may therefore
lead to improved standard documents which may produce a better connection between the different imaging areas.

Introduction

The Relative Colour Image Technology (RCIT) and the RLAB lab* (2005) color image encoding and decoding is
defined in this Technical Report to meet the demands for colour devices used for input and output at work places.
This document has been developed in response to user and industry needs for a specification of the RLAB lab*
(2005) color image encoding.

With the RLAB lab* (2005) color image encoding, users can represent digital images in color spaces defined for

different devices such as CRT monitors, LCD displays, laser printers, inkjet printers, overhead and video projections
on screens in different viewing conditions, offset prints and others.

Application of colour in daily life or in Information Technology (IT):

Design, architecture, art, industrial products [l Information technology of devices
Measured for CIE standard illuminant D65 Measured for CIE illuminant D65 or D50

colour order system: name and coordinates @ Device system name and coordinates:

RAL Design System (CIELAB): Printer system (illuminant D65 or D50):
LCH*, lightness, chroma, hue cmy, content of "cyan", "magenta”, "yellow"
Munsell Colour System: Display system (standard illuminant D65):
VCH?*, lightness (Value), Chroma, Hue rgb/sRGRB content of "red", "green", "blue"
Natural Colour System (NCS): IT colour coordinates confuse the users!

nce*: blackness, chromaticness, elementary @idearly no connection to colour order systems!

New: Application connection by coordinatelv*, cmy*, tce*, ...und linear relation to LAB*
CIELAB: LAB*: lightness, red-green and yellow-blue chroim@H*: lightness, chroma, hue
Definition of relative CIELAB data lab* , similar to coordinates of colour order systenNCS
lab*Ich: relative lightnes$ , chromaticness* , hueh*
lab*Ich, lab*tce: triangle lightness$* , chromaticness* , hue or elementary hig, e*
lab*nce: blackness*, chromaticness*, elementary hue*
lab*olv = olv* = rgb*: orange-rea*3, leaf-green* 3, violet-bluev*s
LE430-31, Application connection with coordinatdeg*, cmy?*, tch*, tce*, nce*, ..and linear relationship toAB*

Fig. 0-1: Colour applications using standard CIELAB data LAB* and relative CIELAB data lab*
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Figure 0-1 shows the use of colour data in colour order systems and in image technology. There is a barrier between
the two applications. Standard CIELAB data LAB* are used to specify the colour order systems RAL (standard
CIELAB system), Munsell and NCS. Additionally the colour order system NCS is defined by relative colour
coordinates which are called the natural coordinates nce* (blackness n*, chromaticness c*, and elementary hue e*).
These coordinates are based on user requirements and user needs and are easy to understand by every naive user.
In contrast to this the coordinates rgb or cmy used in image technology are hard to understand by most of the naive
users and often confuse the naive users.

CIELAB camera (a)chromatic (d)chromatic
CIELAB scanner . camera/scanner output oCI:\llg*I*_/-(\: Ian;%* cameral/scanner output
or filewith CIELAB Transfer filewith standard
xy-CIELAB pixel coordinates pixel coordinates
colour measurement LAB* or lab* olv3*, cmy3*or tch*
Image comparison: Image comparison
multi (Digital images) (Digital images)
spectral CIELAB (LAB*, lab*) olv3*, cmy3*, tch*
technique . ' . !
colorimetric colorimetric
specification specification

Analog (a)chromatic (a)chromatic (a)chromatic

| SO/IEC-test charts | SO/IEC-test chart CIELAB to I SO/IEC-test charts
LAB* or lab* filewith CIELAB olv3*, cmy3*}>{ file with standard
cmy3*or cmyQ* pixel coordinates Transfer pixel coordinates
olv3* or tch* LAB* or lab* olv3*, cmy3*or tch*

LE430-7, Transfer from device independent data LAB* to device dependent data olv3*, cmy3* and tch*

Fig. 0-2: Transfer from device independent LAB* data to device dependent lab* data.

Figure 0-2 shows the transfer from device independent standard CIELAB data LAB* to the device dependent relative
CIELAB data lab*, which are called RLAB data lab* (R = Relative) in this Technical Report. The three data LAB* are
used to plot a colour in the standard CIELAB space. Similar the three data lab* are used to plot the colour in the
RLAB space.

New so called CIELAB cameras measure the spectral reflectance of every pixel and calculate the standard CIELAB
data LAB* of the original, which may be an ISO/IEC-test chart produced in offset printing. There is a requirement to
calculate the original relative CIELAB lab* data of the ISO/IEC-test charts from the standard CIELAB data LAB* and
also in the inverse direction.

The relative CIELAB data lab* use for the calculation the standard CIELAB data LAB* of both a given colour and of
the eight basic colours CMYOLVNW (six chromatic colours CMYOLV and black N and white W, see ISO/IEC
15775:1999, ISO/IEC TR 19797:2004, and ISO/IEC TR 24705:2005) in a given viewing condition. In this case the
scan with a CIELAB camera shall produce lab*olv = olv* = rgb*, lab*cmy = cmy*, or lab*tch = tch* data which all are
equivalent colorimetric data of the relative CIELAB space lab*. Equivalent colorimetric data of the same colour
stimuli exist also in the standard CIELAB space, for example the rectangular coordinates L*, a*, b* = LAB* and the
cylindric coordinates L*, C*,,, H* = LCH*.

The relative CIELAB data lab* are therefore called the RLAB data lab* and the relative CIELAB colour space is
identical to the RLAB colour space (R = Relative) within this Technical Report. The lab* data are well defined for
professional and consumer digital image applications for both input and output.

The ideas of the RLAB lab* (2005) color image encoding are given visually in ISO/IEC 15775:1999 with digital and
analog ISO/IEC-test charts which include 16 step equally spaced colour series for example between White and
Cyan-blue. In the digital ISO/IEC-test chart files the relative coordinate of cyan-blue c*; changes between 0 and 1 in
equal steps 0=0/15, 1/15, 2/15, ..., 14/15, 1=15/15. It is the basic principle of the RLAB lab* (2005) colour image
encoding that the 16 digital steps and similar digital steps (16 step colour series) can be calculated and produced in
the standard CIELAB colour space between the adjacent eight basic device colours.
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W default color spacq W default color spacq W default color spacq

color space planes: color space planes:

color space planes:

0,5 1,0
chromaticnessc*

80C 05 1,0
———————————————————

chromaC*, ——> © chromaticnessc*
BE090-21, CIE-lightness L*, chroma C%, of C1 BE090-31, lightness I*, chromaticness c*

CMYOLV CMYOLV
hexagon hexagon

Adapted
CIELAB

Adapted

CIELAB

data o
A

LAB*,

Printing ORS18a ,+ 2835 | A&'=47
colour names of

ISO/IEC 15775

three basic colors CMY or OLV
three mixed colors OLV or CMY
BE370-41, ORS18ain hue diagramm (a*,, b%,) of LAB%,

three basic colors OLV or CMY “E=7%
three mixed colors CMY or OLV

W default color spacq W default color spacq W default color spacq
color space planes: color space planes: color space planes:

0,5 O UL La05 1,0 ® 4 80 CEieian
chromaticnessc* chromaticnessc* ——> | chroma C*, —>|
BE090-41, triangle lightness t*, chromaticness ¢ BE090-51, lightness I*, chromaticness c* BEO090-61, CIE lightness L*, chroma C¥%, of C2

Fig. 0-3: Colour workflow between input and output of cyan blue colours

Figure 0-3 shows the colour workflow between input and output which is based on different transformations of the
adapted CIELAB data LAB*,. In the top thee figures the 16 step colour series are shown in a plane of equal CIELAB

hue H*, =235 degrees and in diagrams (C*,p, 5, L*), (c*, I¥), and (c*, t*) of the adapted CIELAB data LCH*, jnout, the
relative CIELAB data lab*Ichj,p, and the relative CIELAB data lab*tchi,py.

At the bottom the Fig. 0-3 shows a similar colour workflow for the output in the opposite direction.

In the middle the Fig. 0-3 shows adapted CIELAB diagrams (a*,, b*,) of the monitor device system TLSO00 and of the
printer device system ORS18. The adapted CIELAB chroma C*,, , and the CIELAB hue angle H*, are different for
the six basic colours CMYOLV of the input and output device.

The intended constant hue for the colour C; = C, in the diagram (a*,, b*,) and the diagram (t*, c*) shall be mixed

between cyan blue and violet blue for the input device (middle left) and between cyan blue and leaf green for the
output device (middle right) . The CIELAB hue angle H*, = 235 or the hue value h* = 0,625 is equal for input and

output.
As a result of Fig. 0-3 the intended workflow has the following intended properties between input and output:
1. the CIELAB hue is constant
2. the 16 step spacing is visually equally spaced both for input and output.
Therefore the details of a picture remain for output on any device system. However, CIELAB chroma C*,;, , and
CIELAB lightness L* change between input and output.

The intended linear relationship between the digital data in the file and the standard, adapted and relative CIELAB
data lead to some other main properties for the unspecified or specified data rgb and cmy used in Image Technology.
Because of the linear visual relationship between input and output the coordinates are called * (star) coordinates
according to ISO/IEC 15775, ISO/IEC TR 19797 and ISO/IEC TR 24705.
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linear betweenCIELAB - lab*cmy3

ME311-3, lab*olv3: linear between olv3* and LAB*
Fig. 0-4: Relative CIELAB data lab*olv; and lab*cmy; and relation to adapted CIELAB data LAB*,

Fig. 0-4 shows relative CIELAB data lab*olv; and lab*cmys; which have a linear relationship to the adapted CIELAB
data LAB*, The linear relationship is one basic intention of this Technical Report. Therefore, if for example the three
data lab*olv = rgb* and lab*cmy = cmy* are all equal to 0,5 then a mean grey colour is intended which is located in

the middle between the colour white W and black N for any device system. Additionally, there are linear colorimetric
relationships between the different lab* data, for example the “1 minus relationship” between the lab*olv = olv* = rgb*
and lab*cmy = cmy* data.

ME311-4, lab*olv3: linear between olv3* and LAB* ME311-8, lab*cmy3:linear between cmy3* and LAB*

In applications the standard CIELAB data LAB* of the eight basic colours CMYOLVNW change by the viewing
environment for example by the ambient light for luminous colours on a projection screen, see ISO/IEC TR 24705.
The eight basic colours change with the CIE illuminant (for example D65 and D50) which may be used to illuminate
reflective or transmissive device samples. In each case the equal steps (16 step colour series) can be calculated
and produced between the adjacent eight basic colours CMYOLVNW of the “actual device”. There are a number of
standard and recommended devices each defined by its own set of eight basic colours CMYOLVNW. Many
examples are given in ISO/IEC TR 24705 and in Annex A.

The standard CIELAB data LAB* appear in different modifications, for example as L*, a*, b*, (LAB*) or L*, C*,,, H*
(LCH*), see CIE Publ. 15:2004. There is a mathematical relationship between these coordinate modifications. The
users expect the same output if the data are equivalent by the mathematical relationship.

Similar the relative CIELAB data lab* of the RLAB lab* (2005) colour data appear in many different modifications, for
example as lab*cmy = cmy*, lab*olv = olv* = rgb*, lab*nce = nce* and many others. The small letters lab* indicate
that the data are relative CIELAB data lab* instead of the standard CIELAB data LAB*. The star (*) indicates that the
16 steps are visually and in the adapted CIELAB space equidistant between adjacent colours, for example between
White and Cyan blue (W — C).

Usually the eight basic colours CMYOLVNW can be produced by using within the digital ISO/IEC-test chart file:
either the PostScript operator: r g b setrgbcolor and the three parameters which are

[0,1,1; 1,0,1; 1,1,0; 1,0,0; 0,1,0; 0,0,1; 0,0,0; 1,1,1]

or the PostScript operator: ¢ m y k setcmykcolor and the three parameters (and additionally k=0) which are
[1,0,0; 0,1,0; 0,0,1; 0,1,1; 1,0,1; 1,1,0; 1,1,1; 0,0,0]

The second set of data is the inverse of the first set and defined by the so called “1 minus relation”.

For the relation between standard, adapted and relative CIELAB data LAB*, LAB*, and lab* for the eight basic
colours, a OLV-3x3x3, and a OLV-5x5x5 colour cube, see Annex D and F.

It is both easy to output the colours and to measure them. If the ambient light, for example the daylight in the office,
changes the colours, for example produced by the (video) projector on the projection screen, then this must be
considered. In this case both the measurement data of the eight basic colours and the 16 step colour series will
change by the ambient light.

Recently there was a ballot of the Technical Report CIE 16x:2005 “Criteria for the evaluation of extended-gamut
colour encodings”. The following criteria has been studied

« gamut volume characteristics,

« colour quantization characteristics,

* hue constancy when applying non-linear tone scale modifications to RGB colour values,

« complexity of transformation required to and from typical standard spaces (SRGB, ICC PCS, etc.).
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A number of other criteria have also been identified that may be important for some applications, although detailed
metrics have not been defined at this time. These criteria include:

* perceptual isometry (visual uniformity),

e compressibility,

« compatibility with existing industry practice (e.g., ICC colour management, Adobe Photoshop software, etc.).
The RLAB lab* (2005) colour encoding of this Technical Report has especially advantages in the field of

« gamut volume characteristics,

« perceptual isometry (visual uniformity),

« compatibility with existing industry practice
It may be of interest to compare the RLAB lab* (2005) color image encoding with the encodings studied in the above
CIE Report. In the following appropriate remarks on the above last three topics are given.

gamut volume characteristics

The RLAB lab* (2005) color image encoding has a color gamut that is approximately the same as the colour gamut
of the actual device. This property is similar to the image encoding SRGB according to IEC 61966-2.1 and the colour
gamut of the standard CRT monitor.

perceptual isometry (visual uniformity)
For the 16 olv* = rgb* input data of achromatic colours
[0, 0, O; 1/15, 1/15, 1/15; 2/15, 2/15, 2/15; ...; 14/15, 14/15, 14/15; 1,1, 1]
the output is approximately the same, if RLAB or SRGB or Adobe RGB (1998) is used for the rgb data interpretation.
The technical reason is approximately the same slope (about 2.2) in all three colour spaces.
For the chromatic colours for example for the series White — Cyan-blue (W — C) the 16 colours have the rgb values
[0,0,0; 0,1/15,1/15; 0, 2/15, 2/15; ...; 0, 14/15, 14/15; 0, 1, 1]
For the rgb data interpretation in RLAB the output series is visually and in standard CIELAB equally spaced. For the
rgb data interpretation in SRGB the visual and adapted CIELAB difference varies by a factor eight for the 16 steps.
Therefore for the achromatic colours the perceptual isometry (visual uniformity) is similar for RLAB, sRGB, and
Adobe RGB (1998). For the chromatic series W — C of printing the perceptual isometry is by a factor eight better for
RLAB compared to sRGB. For all other colour series of the ISO/IEC-test charts according to ISO/IEC 15775 the
perceptual isometry shall be by definition also better for RLAB compared to SRGB.
Compatibility with existing industry practice
Up to 2002 the following properties were often realized for printing and for printers:
1. only one of the three primary colours CMY in the file has produced an output using only this primary colour.
2. two equal amounts of two primary colours MY, YC, and CM have produced the intermediate colours OLV.
3. use of only the black component N (K) has produced the grey series with the black colorant.
4. use of undercolour removal has produced an economical output, using only two chromatic colours and black
5. use of equally spaced digital input data has produced equally spaced output colour series
6. for the six colours in the sequence OYLCVM the hues angles have been roughly 30, 90, 150, 210, 270 and 330.
7. use of cmy* and olv* components defined by the “1 minus relation” has produced the same output.

Some of the above properties have been realized only approximately, for example the constant hue angle difference
of 60. In an ideal case this forms a regular hexagon. However, Fig. 0-3 shows the real hexagon output of the device
system ORS18 (in the middle and right) which is not completely regular.

Since about 2002 with the introduction of the “ICC or sSRGB colour management” the colour output properties of
different PC operating systems (Windows, Mac and Unix) has changed a lot on many device systems. For example
for the four 16 step grey series, defined by equivalent colorimetric data and shown later in Fig. 9 of this Technical
Report, the output was usually identical and equally spaced before 2002. With “ICC or sRGB colour management”
the output is usually different and not any more equally spaced for the four different grey scales.

But up to now there are still a lot of device systems which produce the intended grey series.

For the future this Technical Report supports on one side to use properties of “ICC or SRGB colour management”, for
example to use Lookup tables of the ICC color management for a fast colour management. However, the general
disadvantage of “ICC colour management” to produce in many cases different output for equivalent colorimetric data
of the same colour stimuli shall be changed. If this change is realized in future then usually again backwards
compatibility is reached compared to the time before 2002.

In application for any effective colour management method vendors of output devices must linearize the devices in
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standard CIELAB. Therefore the setup state is often a linearized stage. This is compatible with the time before 2002.

If a vendor or user applies the linearization method given in ISO/IEC TR 17797:2004 then the data cmyn*
(cmyk) and olv* (rgb) produce approximately the intended relationship cmyn* — LAB* or olv* — LAB*.

If a vendor or user applies a profile which includes the linear relationship cmyn* — LAB* or olv* — LAB*, for
example by a three dimensional Look-up Table, then this profile produces the intended relationship cmyn* — LAB*
or olv* — LAB*.

Then it remains the goal to produce the same output for equivalent colorimetric data of the same stimuli.
There is a basic difference between the colour management method of RLAB lab* (2005) and others used up to
now:

The RLAB method is designed to produce for any device the same relative (lab*) reproduction data and not the
same standard CIELAB data LAB*. The RLAB goal of this Technical Reportis a relative goal and can be reached on
any device.The relative RLAB goal seems more natural because any visual colour appearance reproduction is to a
high degree a relative reproduction, e. g. for the 16 step series White — Cyan blue on different devices.

Therefore the RLAB goal is different compared to most of the present colour management methods which favour the
reproduction of standard CIELAB data LAB* as the main option.

The usual absolute goal of the present colour management methods can often not be reached but there are
exceptions: For example a special and expensive wide gamut monitor may be used for a soft-proof of all the
standard offset output colours.
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Relative Colour Image Technology (RCIT) and RLAB lab* (2005) Colour Image Encoding

1. Scope
This Technical Report specifies the relation between the family of standard CIELAB data LAB* and both the family of
the adapted CIELAB data LAB*, and the family of the relative CIELAB data lab*. The relative CIELAB data lab* are

called the RLAB lab* (2005) data (R=relative) which are used for input-referred and output-referred encoding
methods of colorimetric data. The encoding method shall be used for the digital exchange of RLAB lab* (2005)-
encoded colorimetric data.

The relative CIELAB data lab* shall be calculated from the adapted CIELAB data LAB*,. The chroma adaptation
method of ISO/IEC TR 24704 shall be used for the calculation of the adapted CIELAB data LAB*,. For any device
colour a hue indexed integer table of 8 bit is available or shall be calculated which includes the lightness L*y,, the
radial chroma C*,p, o, and three lab*olvy, = olv* \,,= rgb* \,, data of the adapted Maximum colours M, of the device.
The application of the table produce a fast calculation for many equivalent relative CIELAB data lab* in both
directions for any device colour.

NOTEL ISO/IEC TR 24704 has defined a method to shift both the device system black and white exactly to the
achromatic axis which produces adapted CIELAB data LAB*, which show only very small changes compared to

the standard CIELAB data LAB*.

NOTE2 The RLAB lab* (2005) data may be used for colour management. This Technical report does not specify
any method for colour management but creates basic data for colour management, for example in Annex F.

NOTE3 The RLAB lab* (2005) data used in this Technical Report for integer image encoding are only a subset of
many equivalent lab* data to be defined and calculated in floating point in a new project of ISO/IEC JTC1/SC28.

2. References

The following standards and specifications are referenced in this text.

CIE Publication 15: 2004, Colorimetry

EBU Tech. 3213-E: EBU standard for chromaticity tolerances for studio monitors
ICC Profile Format Specification, Version 3.4,1997

ICC.1:2004-10, File Format for Color Profiles

IEC 61966-2-1, Multimedia systems and equipment - Colour measurement and management - Part 2.1: Colour
management in multimedia systems - Default RGB colour space - SRGB

ISO 22028-1:2004, Photography and graphic technology — Extended colour encodings for digital image storage,
manipulation and interchange

ISO 3664:2000, Viewing conditions — Graphic technology and photograph
PDF Reference: Adobe Portable Document Format

ISO/DIS 15076-1:2005 “Image Technology - ICC Colour Management - Architecture, profile format, and data
structure

DIN 33866-1 to 5:2000, Information technology — Office machines — Machines for colour image reproduction:
Method for specifying image reproduction of colour devices by digital and analog test charts (100 pages)

NOTE This standard includes analog DIN-test charts no. 1 to 4 on offset reference paper.

Svensk Standard SS 01 91 00:1982, Colour notation system — SS 01 91 01:1982, CIE tristimulus values and
trichromatic co-ordinates for some 16 000 colour notations according to SS 01 91 00 — SS 01 91 02:1982, Colour
atlas — SS 01 91 02:1982, CIE tristimulus values and chromaticity co-ordinates for the colour samples in SS 01 91
02

ISO/IEC 15775:1999, Information technology — Office machines — Machines for colour image reproduction - Method
of specifying image reproduction of colour copying machines by analog test charts — Realisation and application (50
pages).

NOTE There are 3 analog ISO/IEC-test charts no. 2 to 4 of JIMBIA in Japan and similar of DIN.

ISO/IEC TR 19797:2004, Information technology - Device output of 16-step colour scales, output linearization
method (LM) and specification of the reproduction properties, ISO/IEC JTC1/SC28 (21pages).

NOTE For an old public version of this document see the URL (21 pages, 280 kByte)
http://www.jbmia.or.jp/sc28/sc28docs/j28n656.zip
ISO/IEC TR 24705:2005, Method of specifying image reproduction of colour devices by digital and analog test
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charts, (79 pages).
NOTE For an old public version of this document see the URL (79 pages, 1.5 MByte)
http://www.jbmia.or.jp/sc28/sc28docs/j28n689.zip
NOTE see also the two white papers:
Richter, K. (2004), Natural colour connection space (NCCS) between input and output for office systems,

International Seminar on Information Office Equipment Standardization, Korean Agency for Technology and
Standards, pages 71-92, see the URL (1.4 MByte, 27 pages)

http:/mwww.ps.bam.de/BAMAG1.PDF

Richter, K. (2005), Linear relationship between CIELAB and device coordinates for Colorimetric Image
Technology (CIT), see the URL (140 kByte, 6 pages)

http://mwww.ps.bam.de/CIE05.PDF

3. Terms and definitions

The following terms and definitions are used in this document.
NOTE Most terms are derived from 1SO 22028-1, CIE Publ. 17.4, and CIE Publ. 15.

Some preliminary remarks are appropriate about the use of the CIE standard illuminant D65 and the standard
CIELAB colour space for the office applications of this Technical Report
NOTE The CIE standard illuminant D65 and the standard CIELAB colour space is appropriate for all devices in
agreement with ISO/IEC 15775, ISO/IEC TR 19797:2004 and ISO/IEC TR 24705:2005
NOTE For a standard CRT monitor the standard CIELAB data a* and b* of both black and white are a*=b*=0 and
the chromaticity of both black and white has the chromaticity of D65. If in an office the illuminant chromaticity is
different from D65 then the ambient light reflection on the monitor surface or on projection screens produces
standard CIELAB data a* and b* which differ from a*=b*=0 of both black and white much more compared to the
tolerance of ISO/IEC 15775 (3 CIELAB).
NOTE For other standard and real devices the standard CIELAB data a* and b* of both black N and white W
usually differ from a*\ = b*\ = a*\, = b*, = 0. For example for standard offset printing ORS18 the offset reference
paper under D65 (x = 0,3127, y = 0,3290) for both black and white serve as medium black and medium white.
The standard CIELAB data a* and b* of both black and white are different from zero (for example b*,, = 4 and b*y
= -1) and the chromaticity of both is different from the chromaticity of D65.
NOTE For real devices usually the standard CIELAB data a* and b* are different from zero and then a chroma
adaptation transform from a*#0 and b*#0 to a*, = b*, = 0 is appropriate. Any CIE chromatic adaptation formula
can only make either a*=b*=0 for white or black. Therefore for chromatic adaptation of medium black and medium
white and the whole grey series which are all accepted as achromatic the chroma adaptation method of ISO/IEC
TR 24705:2005 is recommended in this Technical Report.
NOTE For measured reflective, emissive, transmissive and projection colours the standard CIELAB data L*, a*,
b* usually has to be adapted. This is indicated by an Index a (=adapted) for the adapted CIELAB data a*, and b*,.
Lightness L* is not changed by the chroma adaptation formula used in this Technical Report. In some application
cases the corresponding tristimulus values X;, Y,=Y, Z, and the chromaticity (x,, y,)are necessary and are
calculated.

NOTE For emissive and projection colours the tristimulus value Y is normalized to the tristimulus value Y\, =
88,59 of standard offset paper. A similar normalisation to Yy, = 89.00 is used in ROM RGB (see ISO 22028-
2:2005)

NOTE This Technical Report uses relative lightness I* = (L*— L*y) / (L*\y — L*\) as a basic coordinate with I* values
between 0 and 1. If colorimetry is considered then the similar normalization procedure Y,cc = (Y =Yn) / (Yw —YnN)
used in ICC colour management produces wrong results according to colorimetry for many applications. For
example for luminous colours on projection screens the tristimulus value of black may be Yy = 50 according to
ISO/IEC TR 24705:2005 (if the normalization Y,, = 88.59 is used for the white screen). If the ICC method with the
gamma function (exponent 1/2.2) is then applied to the normalized Y values between 0 and 1 a more then fold
discrimination is calculated near Yy = 50 compared to the real visual discrimination. The normalization of this
Technical Report in lightness seems more appropriate compared to the definitions used in ICC colour
management. No special ICCXYZ tristimulus values and ICCLAB CIELAB values normalized between 0 and 1
are necessary. In this Technical Report the standard or adapted CIEXYZ data and the standard or adapted
CIELAB data are used.
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3.1 colorimetric data

having an exact and simple relationship to the standard CIELAB data LAB* = L*, a*, b*.
NOTE1 There is a family of standard colorimetric data LAB*, of adapted colorimetric data LAB*,, and of relative
colorimetric data lab*, compare the list below.
NOTEZ2 The family of standard colorimetric data LAB* has two equivalent versions LAB*LAB = L*, a*, b* and
LAB*LCH = L*, C,,*, H*
NOTE3 The family of adapted colorimetric data LAB*, has two equivalent versions LAB*LAB, = L*,, a*,, b*, and
LAB*LCH, = L*,, Capa*, H*,.
NOTE4 The adapted colorimetric data LAB*, have an exact and simple relationship to the standard CIELAB data
LAB*. The adapted lightness L*, is identical to the standard lightness L*. For red-green, yellow-blue, and radial
chroma there may be small differences between adapted and standard chroma, compare Table 1 and 2 and
Annex A.
NOTES The family of relative colorimetric data lab* has many equivalent versions, for example lab*lab = I*, a*,,
b*,, lab*lch = [*, c*, h*, lab*nce = n*, c*, e*, and lab*cmy = c*;, m*3, y*; The relative colorimetric data lab* have
an exact and simple relationship to the adapted CIELAB data LAB*,.

NOTES® Different colorimetric data LAB*, LAB*a, and lab* including names and abbreviations are given in the
following list. There are some more coordinates not used in the list, for example deepness d*, brilliantness i*,

whiteness w*, compare Annex B for the definition and the relationship to LAB*, and LAB*.

Colorimetric standard CIELAB data LAB*, adapted CIELAB data LAB*,, and relative CIELAB data lab*

Name Family Family member Type Coordinate Coordinate name
standard LAB* LAB*LAB rectangular L* = LAB*L lightness
CIELAB a* = LAB*A red-green chroma
b* = LAB*B yellow-blue chroma
LAB*LCH cylindric L* = LAB*L lightness
C*,p = LAB*C radial chroma
H* = LAB*H hue angle
adapted (a) LAB*, LAB*LAB, rectangular L*,=LAB*L, adapted lightness
CIELAB a*, = LAB*A, adapted red-green chroma
b*, = LAB*B, adapted yellow-blue chroma
LAB*LCH, cylindric L*, = LAB*L, adapted lightness
C*apa = LAB*C, adapted radial chroma
H*, = LAB*H, adapted hue angle
relative (r) lab* lab*lab rectangular [I* = lab*| relative lightness
CIELAB a*, = lab*a relative red-green chromaticness
b*, = lab*b relative yellow-blue chromaticness
lab*Ilch cylindric I* = lab*| relative lightness
c* = lab*c relative chromaticness
h* = lab*h relative hue = H*, / 360
lab*tab rectangular t*=lab*t relative triangle lightness
a*, = lab*a relative red-green chromaticness
b*, = lab*b relative yellow-blue chromaticness
lab*tch cylindric t* = lab*t relative triangle lightness
c* = lab*c relative chromaticness
h* = lab*h relative hue = H*, / 360
lab*trj rectangular t* = lab*t relative triangle lightness
r* = lab*r relative elementary rg-chromaticness
j* = lab*j relative elementary jb-chromaticness
lab*tce cylindric t* = lab*t relative triangle lightness
c* = lab*c relative chromaticness
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e* = lab*e relative elementary hue
lab*nce triangle n* = lab*n relative blackness

c* = lab*c relative chromaticness

e* = lab*e relative elementary hue
lab*olv = olv* rectangular o*; = lab*os relative orange-red (red)
= rgb* *» = lab*l3 relative leaf-green (green)

v*3 = lab*vy relative violet-blue (blue)
lab*cmy= cmy* rectangular c; = lab*c; relative cyan-blue

m*; = lab*m, relative magenta-red

y*3 = lab*y, relative yellow

[see equivalent colorimetric data, isometric colorimetric data, isometric colorimetric space]

3.2 colorimetric data of eight adapted colours CMYOLVNW of a device system

adapted colorimetric

data LAB*, of eight device system colours CMYOLVNW having an exact and simple

relationship to the standard CIELAB data LAB* = L*, a*, b* and the relative colorimetric data lab*.
NOTEL1 For the observer who is adapted to the viewing environment and would judge both the device system

color black N and

the device system colour white W to be perfectly achromatic the adapted CIELAB data LAB*, of

the color stimuli of eight colours CMYOLVNW are most appropriate.

NOTEZ2 The difference between the standard CIELAB data LAB* and the adapted CIELAB data LAB*, may be
identical or very small (less then 1%). The lightness of LAB* and LAB*, is identical and therefore L* = L*,.
NOTE3 The observer adapted CIELAB data LAB*, and the observer adapted tristimulus values CIEXYZ, are
indicated by an index a.

NOTE4 For the eight medium colours CMYOLVNW of the Offset Reference System ORS18 the adapted CIELAB
data LAB*, are given in Section 4.5, Table 1. For the colours of the device system black N and the device system

white W the adapted CIELAB data are a*y, = b*\a = 8*wa = b*wa = 0. For the colours of the device system ORS18
the colours black N and white W have the CIE lightness L*, = 18,01 and L*,, = 95,41 which corresponds to the

CIE tristimulus value Yy = 2,52 and Y\, = 88,59.

NOTES For the device system ORS18 the difference between the standard colorimetric data and the adapted
colorimetric data is given in Section 4.5, Table 1 and 2, and Annex A

3.3 colorimetric data of adapted Maximum colours M, of a device system

adapted colorimetric
adapted colorimetric

data LAB*),, of six chromatic colours of a device system in the sequence OYLCVM and
data LAB*),, of the linear mixture colours between the six adjacent device colour pairs OY, YL,

LC, CV, VM, MO all having an exact and simple relationship to the standard CIELAB data LAB* = L*, a*, b* and the
relative colorimetric data lab*

NOTEL In Section 4.1, Fig. 1 shows for example a linear mixture in the adapted CIELAB space for the colours O
and M and others.

NOTEZ2 The Maximum colours M, of a device system form a continuous hue circle, for example of 96 steps if 16

steps are chosen

between the six adjacent colour pairs QY, YL, LC, CV, VM, MO. Usually 255 steps (8 bit) are

chosen for the hue circle of the Maximum colours M,, compare Table C.1 in Annex C.

NOTES3 Different colorimetric data LAB*,, including nhames and abbreviations are given in the following list.

Colorimetric adapted CIELAB data LAB*,,0f Maximum colours M, of a device system

Name Family Family member Type Coordinate Coordinate name
adapted (a) LAB*\1a LAB*LAB, rectangular L*,, = LAB*Ly, adapted lightness
CIELAB a*ya = LAB*Ay, adapted red-green chroma
b*ya = LAB*By, adapted yellow-blue chroma
LAB*LCHy, cylindric L*\ia = LAB*Lya adapted lightness
C*abma = LAB*C,p ma adapted radial chroma
H*\a = LAB*Hy4 adapted hue angle
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NOTES Colorimetric data of the Maximum colours M, of the device systems Television Luminous System TLSxx

(xx=00, 06, 11, 18, 27,38, 52, 70) with TLS18 = TRS18 and the Offset Luminous System OLSxx (xx=00, 06, 11,
18, 27,38, 52, 70) with OLS18 = ORS18 are given in Annex A.Table D.1 gives many colorimetric data of the six
basic colours of the device system ORS18.

3.4 colorimetric data of the device system surround

area adjacent to the border of an image, which, upon viewing the image in the viewing environment, may affect the
local state of adaptation of the observer
NOTE1 The standard CIELAB lightness L*, of the device system has a lightness in the middle between the
lightness of the standard medium white and the standard medium black. The formula for the calculation of the
standard grey surround lightness is L*, = L*\ + 0,5 (L*, — L*\), which gives the surround lightness L*, = + 18,01
+ 0,5 (95,42 - 18,01) = 56,5 for example for the standard Offset Reflective System ORS18
NOTEZ2 The standard CIELAB chroma a*, and b*, data of the medium surround (Z) are in the middle between the
standard CIELAB chroma data a*,y and b*, of the medium white and the chroma data a*y and b* of the medium
black.The formula for the calculation of the medium chroma a*, and b*, of the grey surround are a*, = 0,5 (a*y +
a*y) and b*; = 0,5 (b*y, + b*y), which give for example the surround chroma a*, = 0,5 (-0,98 +0,50) = —0,24 and
b*, = 0.5 (4,76 + (-0,46)) = 2,15 for the standard Offset Reflective System ORS18.

3.5 colorimetric data encoding

digital encoding of three colorimetric data, including the specification of a digital encoding method, and a colorimetric
data range

NOTE1 Encoding data are usually the relative CIELAB data lab*, for example lab*olv = olv* = rgb* or lab*cmy* =
cmy*. An integer or hex coding of 8 bit for the data range 0 <= lab*olv = rgb* <=1 shall be used.

NOTE?2 If for example the relative CIELAB data lab*olv = rgb* are used for encoding then for the 8/8bit encoding
method the black point is at 0, 0, 0 and the white pointis at 1, 1, 1. For the 7/8bit encoding method the black point

is at 0,25, 0,25, 0,25 and the white point is at 0,75, 0,75, 0,75. In both cases the data range is 0 <= lab*olv = rgh*
<=1.

3.6 colorimetric image encoding
digital encoding using three colorimetric data for a digital image

NOTE1 Usually for colorimetric image encoding the relative CIELAB data lab* shall be used for encoding. Based
on the exact and simple relationships between the different families of colorimetric data LAB*, LAB*, and lab*

theoretically any set of data can be used if a software is available to interpret the encoded image data.

NOTE2 Standard software applications may use the standard CIELAB data LAB* of the device colours
CMYOLVNW (compare Annex A) to interpret the image data rgb*, cmy*, tch*, and nce* of the image encoding.

NOTES3 Other software applications may use the standard CIELAB data LAB* of the device colours CMYOLVNW
(compare Annex A) which are included as metadata in the file to interpret the data rgb*, cmy*, tch*, and nce* for
the image encoding.

3.7 colorimetric space

geometric representation of colorimetric data in a color space, usually of three dimensions.
[compare CIE Publication 17.4, 845-03-25]
NOTEL: The colorimetric data may be of the type rectangular, for example LAB*LAB = LAB*, LAB*LAB, = LAB*,,
lab*tab = tab* or of the type cylindric, for example LAB*LCH = LCH*, LAB*LCH, = LCH*,, or lab*tch = tch*.
NOTEZ2 There is a family of the standard colorimetric space LAB*, of the adapted colorimetric space LAB*,, and
of the relative colorimetric space lab*, compare Section 3.1.
NOTE3 The family of the standard colorimetric space LAB* has a rectangular version LAB*LAB = L*, a*, b* and a
cylindric version LAB*LCH = L*, C,,*, H*
NOTE4 The family of the adapted colorimetric space LAB*, has a rectangular version LAB*LAB, = L*,, a*,, b*,
and a cylindric version LAB*LCH, = L*,, Cap2*, H*,.
NOTES The family of the relative colorimetric space lab* has many rectangular versions for example lab*tab =
tab*, and many cylindric versions, for example lab*tch = tch*, compare section 3.1.
[see also isometric colorimetric space]
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3.8 device dependent ambient flare
ambient light, reflected from an imaging device system, that has not been modulated by the means used to produce
the image

[see CIE Publication 122]

NOTE1 Ambient flare lightens all colours, for example luminous colours on a projection screen or on a monitor,
and reduces the lightness contrast and the luminance contrast.

NOTE?2 See also the different luminous device colours in Annex A, Table A.1 and A.2

3.9 device dependent image state

attribute of a colorimetric data image encoding indicating the rendering state of the colorimetric data of the image
using device dependent colorimetric data lab*.

NOTEL1 The rendering state may be input referred, output referred, relative referred, and rgb default referred.
NOTEZ2 The rendering state is input referred if the colorimetric data CMYOLVNW;,,: has been used for
encoding, for example in [ab*0lvinpyc = 0V 4 = rgb%input-

NOTES3 The rendering state is output referred if the colorimetric data CMYOLVNW,, 4, has been used for
encoding, for example in [ab*olVy iyt = 0V output = rg0* output-

NOTE4 The rendering state is rgb (NOTE: without star) specified, if for example sRGB or Adobe RGB (1998)
has been used for encoding. Then three known primary colours has been used for encoding.

NOTES The rendering state is rgb (NOTE: without star) unspecified, if undefined rgb data in the range zero to
one are given.

3.10 device dependent image state re-rendering

attribute of a colorimetric data image encoding indicating the intended re-rendering state of the colorimetric data of
the image using device dependent colorimetric data lab*.

NOTEL: For re-rendering for an output device the following options are possible:
1. The rendering state is input referred and the colorimetric data CMYOLVNWi,,, has been used for encoding in
lab*olVinyt = 0IV¥ iyt = rgb*iney- FOr output on the output device with CMYOLVNW, 4, the following two steps are
necessary, compare Section 8, Fig. 6, 7, 8, and 13:

1.1. a transfer from lab*olv;,,, to lab*tchy,,; with CMYOLVNW, ¢

1.2. a transfer from lab*tch gt to 1ab*0IVey iy With CMYOLVNW ¢

By default lab*tchj,,; = lab*tchq oyt
2. The rendering state is output referred and the colorimetric data CMYOLVNW,,;4,,tx has been used for
encoding in 1ab*olVy i = 0V*oypuxt = rgb*outputx- FOr output on the output device with CMYOLVNW,, i, the
following two steps are necessary:

2.1. a transfer from lab*olVpyix t0 lab*tchgyipy With CMYOLVNW 41

2.2 atransfer from lab*tchygpy: to 1ab*0lVygpye With CMYOLVNW ¢
By default lab*tchpuix = 1ab*tchoyput

3. The rendering state is rgb (NOTE: without star) specified, if for example SRGB or Adobe RGB (1998) has
been used for encoding. Then three known primary colours OLV = RGB has been used for encoding. The missing
5 colours CMYNW can be calculated.

2.1. atransfer from rgby,, to lab*tchj, . With given or calculated CMYOLVNW;, ;¢
2.2 atransfer from lab*tchgygpyt to 1ab*olVgygpye With CMYOLVNW ¢
By default lab*tchng, = lab*tchgygput

4. The rendering state is rgh (NOTE: without star) unspecified if no colorimetric data CMYOLVNW,,,;; O
CMYOLVNW,,o, has been given for encoding for the undefined rgb data in the range zero to one. The device
system may use the colorimetric CMYOLVNW,,,s = CMYOLVNW,, 1, data of its own device as default. Then no
change of the rgb data is done and they are interpreted as lab*olv = rgb*. This produces a linearized output
according to ISO/IEC TR 19797 with visually equally spaced 16 step colour series, if the device in linearized.

3.11 device system
includes all software and hardware properties for the device output including the viewing environment which may
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change the luminous colours on projections screens in offices.

3.12 equivalent colorimetric data
of the same colour stimuli having an exact and simple relationship to the same standard CIELAB data LAB* = L*, a*,
b*.
NOTEL1 For the same colour stimuli the family of standard colorimetric data LAB*, the family of adapted
colorimetric data LAB*,, and the family of relative colorimetric data lab* allows to calculate many equivalent sets

of colorimetric data

NOTEZ2: A user expects that the device output is the same for equivalent colorimetric data. Different compatibility
classes allow to deteermin if this intention is reached for the different device systems, see Section 7.2, Fig. 10.

[see also colorimetric data]

3.13 ICC profile

International Color Consortium’s file format, used to store transforms from one colorimetric data encoding to
another, e.g. from device colorimetric data to the device independent CIEXYZ data of the profile connection space,
as part of a color management system.

[see also ISO/DIS 15706-1:2005]

3.14 International Color Consortium profile connection space (ICC PCS)

standard color image encoding defined by the International Color Consortium providing a standard connection point
for combining ICC profiles.

[see also ISO/DIS 15706-1:2005]

3.15 isometric colorimetric data

relative CIELAB data lab*tab or lab*tch for which the calculated colorimetric data differences correlate to a high
degree to relative visual differences for any device system.

[see colorimetric data, see isometric colorimetric space and gamut]

3.16 isometric colorimetric space

geometric representation of relative CIELAB data lab*tab or lab*tch in a colour space, where the differences in the
space correlate to a high degree to the relative visual differences for any device system.

NOTEZ1 This space is to a high degree perceptually isometric and shows a high degree of visual uniformity.

NOTE?2 If the coordinates lab*t, lab*c, and lab*h are used, then the three dimensional visual representation of the
16 step colour series between White W or Black N and the six chromatic colours is a colour double cone called
the Natural Colour Connection Space (NCCS).

NOTE3 The colorimetric data lab*t in the range 0 to 1 are used for the vertical axis and the colorimetric data lab*c
in the range 0 to 1 are used for the horizontal axis for any device. For the 16 step colour series equal visual steps
correspond to equal geometric steps.

NOTE4 The standard CIELAB LAB* colour space, the Natural Colour Space of the NCS colour system, and the
relative CIELAB lab*tab or lab*tch colour space are more perceptually isometric (visual uniform) compared to the
CIEXYZ colour space.

[see colorimetric data, see isometric colorimetric data, and gamut]

3.17 isometric colorimetric device gamut
area in the relative CIELAB lab* colour space defined by the colorimetric data lab*tab or lab*tch of all device colours.

NOTEL1 In the lab*tch colour space all colorimetric data of the device form approximately a colour double cone.
For some hues there may be some colours outside the mathematical double cone and for other hues there may
be some space inside the mathematical double cone.

NOTEZ2 The isometric colorimetric device gamut is different compared to the isometric colorimetric space which is
an exact mathematical double cone
[see colorimetric data, see isometric colorimetric data, and space]

3.18 luminance factor
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ratio of the luminance of the surface element in the given direction to that of a perfect reflecting or transmitting
diffuser identically illuminated.

[CIE Publication 17.4, 845-04-69]

3.19 metadata
data associated with a digital image aside from the pixel values that comprise the digital image.
NOTE1 Metadata is typically stored as tags in the digital image file.

NOTE2 How to store the colorimetric data of CMYOLVNW, of the 14 CIE-test colours, and of the 4 elementary
colours RIGB in an ICC profiles is not specified up to now.

NOTES3 If no metadata are given with the image or the graphics, then for rgb* data the colorimetric data of the
television device system TLS18 and for cmy* data the colorimetric data of the device system ORS18 may be
used.

3.20 Natural Color Connection Space (NCCS)

geometric representation of colorimetric data in a space defined by one set out of many sets of three relative
CIELAB data lab*.

NOTE1 The two sets of colorimetric data lab*tab or lab*tch are used for a visual view in a double cone.
NOTE2 The two sets of colorimetric data lab*olv or lab*cmy are used for the encoding of images.
[see also colorimetric data]

3.21 recommended colorimetric image encoding

digital encoding of three colorimetric data used in a digital image, usually one set out of the following five sets of
relative CIELAB data lab*: lab*olv = olv* = rgb*, lab*cmy = cmy*, lab*tch = tch, lab*nch = nch*, and lab*nce = nce*.

NOTEL1 In this Technical Report for compatibility reasons most of the software products use a specified or
unspecified rgb encoding. The recommended image encodings of this Technical Report prefer the colorimetric
data lab*olv = olv* = rgb*, and lab*cmy = cmy*.

NOTE2 In this Technical report the recommended image encodings for rendering and re-rendering use the
colorimetric data lab*tch = tch, lab*nch = nch*, and lab*nce = nce*, often as intermediate encodings during the
rendering process.

[see also: colorimetric gamut, colorimetric image encoding]

3.22 reference black N and white W
equal to the adapted black N and adapted white W with the colorimetric data LAB*y, and LAB*,.
NOTEZ1 The reference black and white has always the chroma values a*\, = b*y, = @*wa = b*wa =0

NOTE2 For reflective colours the medium white and black are measured for CIE standard illuminant D65. The
CIE tristimulus values Yy and Y,y shall be used for the reference Black N and White W.

NOTES3 For luminous colours the medium white and black are measured for CIE standard illuminant D65. The
CIE tristimulus values Yy, = 88,59 of the Offset Reflective System ORS18 shall be used for the reference White
W. The reference black is usually different compared to the Offset Reflective System ORS18. The tristimulus
value must be measured and may be in the range Yy = 0.2 to Yy = 50.

[see colorimetric data of eight adapted colours CMYOLVNW of a device system]

3.23 relative colour management

re-rendering of the relative CIELAB data lab* of the image state, for example of the relative colorimetric data lab*olv
= rgb* using CMYOLVNW;y,,,,s and/or CMYOLVNV,, s adapted CIELAB data LAB*, and intended modifications of

the intermediate relative CIELAB lab* data, for example lab*tch for constant blackness lab*n = n* and an intended
increase or decrease of chromaticness tab*c = c¢*, and a change of hue tab*h = h*.

NOTE1 For constant blackness n* an increase and decrease of chromaticness tab*c = ¢* and a clockwise and a
anticlockwise shift of hue tab*h = h* is shown in Annex B, Table B.1.
NOTE2 For different re-rendering intents a colorimetric coordinate transfer of lab*tch is most appropriate.

3.24 standard colorimetric data
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the three rectangular standard CIELAB data L*, a*, b* (= LAB*) or the cylindric standard CIELAB data L*, C*,, H* (=
LCH%®)
NOTEZ1: For the relationship between the standard, the adapted, and the relative CIELAB data LAB*, LAB*,, and
lab* see Annex B.

3.25 standard colorimetric data of device system colours CMYOLVNW
standard CIELAB data LAB* of color stimuli of eight colours CMYOLVNW in the viewing environment including the
device system colour black N and the device system colour white W.
NOTEL The standard CIELAB data LAB* and the standard tristimulus values CIEXYZ are measured according to
CIE publication 15:2004. Therefore viewing flare is included in the measurements
NOTE2 For the eight medium colours of the Offset Reference System ORS18 the standard CIELAB data LAB*

are given in Section 4.5, Table 1 for the colours CMYOLVNW. For the colours of the medium black N and the
medium white W the standard CIELAB data a*y, b*y, a*y, and b*,, are usually not zero. For the colours of

medium black N and medium white W the CIE lightness is L* = 18,01 and L*,, = 95,41 which corresponds to the
CIE tristimulus value Yy = 2,52 and Y\, = 88,59.

NOTES3 In an office for colour control an illuminance of 1000 lux is recommended according to CIE Publ.XX. This
corresponds to a luminance of 284 cd/m? (=1000 * 0,8859 / 0,314) of the white paper. Modern CRT and LCD
monitors and projection screen have a similar luminance which is usually in the range between 100 and 400 cd/
m?.

NOTE4 It is known that colour discrimination increases only a few percent if the luminance increases from 100 to
400 cd/m?. Therefore it is appropriate to normalize the tristimulus value Y,y of the luminous white colours for all
devices to the same value. This allows to calculate standard CIELAB differences between the softcopy output on
monitors or screens and the hardcopy output in offset printing or on printers

NOTEDS For the difference of the device independent standard colorimetric data and the device dependent
adapted colorimetric data compare Section 4.5, Table 1 and 2, and Annex A.

[see also colorimetric data, colorimetric data of device system colours CMYOLVNW)]

3.26 standard CIELAB LAB* space

geometric representation of colors in a three dimensional space defined by the three rectangular standard CIELAB
data lightness L*, red-green chroma a* and yellow-blue chroma b* or the three cylindric standard CIELAB data
lightness L*, radial chroma C*,, and hue angle H*
NOTEZ1 For reflective colours the standard CIELAB data shall be L*, a*,, b*, = 100, 0, O for the perfect diffuser
and L*, a*y, b*y =0, 0, 0 for the perfect absorber.

NOTE?2 For a real reflective device system the lightness L*y is less than 100 and the lightness L* is larger than
zero, for example for the Offset Reflective System ORS18 it is L*\, = 95,41 and L* = 18,01. All four chroma data
a*w, b*,, and a*y, b*y are usually different from zero and therefore the chroma data shall be adapted by a chroma
adaptation formula.

NOTE3 For the Offset Reflective System ORS18 the standard and adapted CIELAB data LAB* and LAB*, are
given in Annex A, Table A.3.

NOTE4 For luminous and emissive colours the standard CIELAB data LAB* are measured and the adapted
CIELAB data LAB*, shall be normalized for white and black to the data L*, a*ya., b*wa = 95,41, 0, 0 and L*,
a*Nar P*na = X, 0, 0 in the reference condition.

NOTEDS The lightness L*, = X =18,01 shall be used if the exact value is unknown. For appropriate applications
the tristimulus value Y shall be measured and the lightness L* shall be calculated. For luminous colours on
projection screens the tristimulus value Yy may be in the range 0,2 to 50, which corresponds to the lightness L*
in the range 2 to 70.

[see also colorimetric data]

3.27 tristimulus value

amounts of the three reference color stimuli, in a given trichromatic system, required to match the color of the
stimulus considered

[CIE Publication 17.4, 845-03-22]
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[see also colorimetric data]
4. Requirements

4.1 General
The RLAB lab* (2005) color image encoding is defined as an encoding of the relative CIELAB data lab* of an image.

A relative CIELAB data lab* is calculated using both the standard CIELAB data LAB* of the color and of the eight
basic colours CMYOLVNW of a device, all measured in a given viewing environment.

Annex A shows for many device systems the standard CIELAB data LAB* and adapted CIELAB data LAB*,.

Y W default color space
color space plane of constant hue

Laa2

B Yg

88 Poq o w
M s e
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hexagon u
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ME310-3, Hue constant mixture o8,y of O-Y, W-M, S-N

Figure 1: Six chromatic colours OYLCVM in a continues hue circle.

Fig. 1 shows for a special regular device the six chromatic colours OYLCVM in a continues hue circle. A linear
mixture by parameters q, B, yis assumed in the adapted CIELAB space with the adapted CIELAB data LCH*,. Then
the relative CIELAB data lab* can be calculated. There is a linear mixture of the colours O (orange-red) and Yellow Y
(left) by the parameter a and of M and W (middle) by the parameters B, and of S and N (right) by the parameter y.
The hue is assumed to be constant and between orange-red and yellow.

The relative CIELAB data lab* are calculated from the standard CIELAB data LAB*. Special relative CIELAB data
lab*olv = olv* = rgb* or lab*cmy = cmy* produce a high efficiency for encoding, visual uniformity and compression.

The following user requirements are realized
1. to maintain equal spacing of the equally spaced 16 step colour series, see ISO/IEC TR 24705, on any device
2.to maintain relative hue
3. to maintain relative chromaticness of the equally spaced 16 step colour series
4. to maintain relative lightness of the equally spaced 16 step colour series
Appropriate relative colorimetric data are the relative CIELAB data lab*tch with the three colorimetric data
t* =lab*t  triangle lightness
c* =lab*c relative chromaticness
h* = lab*h  relative hue
Therefore the basic requirement between input and output is
lab*tchinpy; = 1ab*tchgyipue
A solution of the requirement is possible if the standard CIELAB data LAB* of the eight basic colours CMYOLVNW of
both for input ant output are known.

NOTEL The standard CIELAB data LAB* can be reproduced exactly only if no change occurs between input and
output of both the physical device and the given viewing environment. However there are so many physical
devices and viewing environments that the reproduction of the standard CIELAB data LAB* is usually not
possible. There are so many strategies, compromises and approximations which therefore often produce
confusion and unacceptable results.

4.2 Reference Viewing Environment

4.2.1 Luminance range and CIE tristimulus value Y

The actual viewing conditions for reflective and transmissive colours, for colour monitors and for example luminous
colours on a projection screen in an office are all in a similar luminance range. This luminance range is specified by
CIE publication XX. The luminance of outdoor scenes may be also in this range but often it may be outside this
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range. In any case the CIE methods for normalisation with the CIE tristimulus values'Y = 100 for the perfect diffuser
will be used in this Technical Report.
NOTEL1 For office work places CIE Publication XX recommends 500 lux and in case of colour control 1000 lux.
The illuminance of 500 lux corresponds to a luminance of 160 (= 500/3,14) cd/m? and 1000 lux corresponds to
320 cd/m? for the perfect diffuser. For the reference standard offset paper with the CIE tristimulus value Y = 89,59
and the standard CIELAB lightness L* = 95,41 both luminance correspond to 142 cd/m? to 284 cd/m?.

NOTE?2 If for example the white projection screen has the luminance of 160 cd/m? in a dark room and (in a worst
case which is allowed by ergonomic requirements) the luminance of 160 cd/m? is added by daylight in the office,

then the luminance of black and white are 160cd/m? and 320cd/m?. If the chromaticity of the projector and the
office daylight is D65 then the chromaticity is for both D65 and the CIE tristimulus values for white and black are
Yw = 88,59 and Y\ = 44,29 (=88,59/2). This corresponds to the CIE lightness L*y, = 95.41 and L* = 7X.XX.

4.2.2 CIE standard illuminant D65 and CIE chromaticity (x, y) of D65

In different applications one can find recommendations for both the CIE standard illuminant D65 and the CIE
illuminant D50. For monitors and projectors the CIE standard illuminant D65 and the chromaticity of D65 is used for
both the white and black medium colour. Photography (ISO TC 142) and professional graphics (ISO TC 130) prefer
D50 and ISO/IEC JTC1/SC28 has accepted D65 in ISO/IEC 15775 for colour copiers and D65 for all devices in ISO/
IEC TR 24705.

Within this Technical Report D65 is recommended but the methods can be applied also for D50. There are many
scientific reason to use D65:

1. The CIE standard illuminant is D65. D50 is not a CIE standard illuminant.

2. Colorimetric colour order systems are defined for D65 and not for D50

3. CIE studies on colour difference formulas are nearly all for D65 and not for D50

4. In offices a D65 projector and a D50 illuminant produce large chromaticity differences for white and black
5. In offices a D65 monitor and a D50 reflection test chart are hard to compare.

6. There are no CIE recommendations to how to handle chromatic adaptation for the very different black and
white chromaticity in the above cases

4.2.3 Device dependent reference black and white

The device dependent reference black and white shall be equal to the device dependent adapted black and white of
the Offset Reflective System ORS18a, with the chromaticity (X, y) of CIE standard illuminant D65 and the CIE
tristimulus values Yy = 2.52 for black N and Y,y = 89.59 for white W.

For the black and white reference colour the chromaticity data shall be x = 0,3127, y = 0,3290.

The adapted white is equal to the reference white. The adapted black may be different compared to the reference
black. For office applications the luminance factor of adapted black may be in the range Yy = 0.2 to Yy = 50.

The luminance level of a perfect diffuser is in the range 160 cd/m? to 320 cd/m? for the office illuminance range
between 500 lux and 1000 lux. Both illuminance values are specified in CIE Publication XX and the higher value is
intended for color control.

The luminance level of the white standard offset reference paper with the CIE tristimulus value Y = 88,59 is then in
the range 142 cd/m? to 284 cd/m?
The luminance level of the black standard offset reference paper with the CIE tristimulus valueY = 2,52 is then in the
range 4 cd/m? to 8 cd/m?.
The CIE lightness of reference black and white is L* = 18,01 and L*\ = 95,41 and these are calculated from the CIE
tristimulus values Yy = 2.52 for black N and Y,y = 89.59 for white W.
Usually for luminous colours the luminance ratio of the black and white colour

cy=Ly/ Ly
is used to calculate the CIE tristimulus value of black which is

Yn=CyYw
Most monitors have the property to reflect between 2% and 4% of all wavelengths of the incident light. This reflection
property is similar to the reflection property of paper which reflects about 2% for glossy and 4% for mate paper. In
the office the luminance of the incident light is in the same range compared to the monitor luminance (160 cd/m? to
320 cd/m?). Therefore it is appropriate to use the CIE tristimulus value of the standard offset reference paper Y =
2,52 as reference for the calculations in the case when the exact value is not known.

17170



>< Relative Colour Image Technology (RCIT) and RLAB lab* (2005) Colour Image Encoding

In an office with daylight and for luminous colours on projection screens the CIE tristimulus value may be in the
range Yy = 0.2 to Yy = 50. In the case when the exact value is not known the value Yy = 2,52 shall be used as

reference.

4.2.4 CIE luminance and CIE lightness contrast ratio
The luminance contrast ratio cy shall be the ratio of the tristimulus values of the reference white and black

CY = YW /YN =35
The lightness contrast ratio ¢« shall be the ratio of the CIE lightness values of the reference white and black
CL* = L*W / L*N =35

NOTEL In an office with daylight and for luminous colours on projection screens the luminous contrast ratio may
be in the range ¢y = 200 to ¢y = 2.

NOTEZ2 The luminous ratio ¢y = 380 used in graphic arts and in ICC colour management is far outside the office
application range. The use of this luminance ratio may produce problems if applied to office applications, for
example a specific color re-rendering may be necessary to avoid scaling problems near the black colour.

4.2.5 Adapted colorimetric black and white

For the colours of the device dependent black N and white W the standard CIELAB data a*, b*, a*y,and b*, are
usually not zero. The standard CIELAB data a*y, b*na, @*wa.and b*,, of the device dependent adapted colorimetric
black and white data shall be all zero.

The equations for the transfer between the standard CIELAB data LAB* and the adapted CIELAB data LAB*, in both
directions of Annex A shall be used

4.2.6 Ambient lllumination and reference surround
The ambient illuminance shall be in the range 500 lux to 1000 lux with the chromaticity of CIE standard illuminant
D65. A mean grey colour with a CIE tristimulus value Y, = 20 shall be used as reference surround.

NOTE The ICC specifications ISO DIS 15706-1 recommend for display output in graphic applications:

“when measured, with the monitor turned off, at the monitor surface,

the ambient illumination level shall be equal to 32 lux”.
This is not appropriate for the office application. With an illuminance of 32 lux instead of 500 lux it is not possible
to produce the mean grey reference surround with a CIE tristimulus value Yz = 20. With 32 lux illumination the
surround near the image needs to be emissive. The illuminance must be near 500 lux and not 15 times less to
produce visually the intended mean grey reference surround. The specification of ICC DIS 15706-1 needs an
expensive technology for viewing.
NOTE For luminous colours on projection screens the reference surround is defined by the reflection of the
daylight on the wider screen in the office. If this wider screen has the same white colour as the screen, then the
office daylight will simulate a 20% reflection if the final luminance contrast is ¢y = 5. Then the luminance of the
daylight on the screen shall be four times less compared to the luminance produced by the projector.

4.2.7 Image Size and Viewing Distance
For displays the normal to the center of the display surface shall be the viewer's direction of gaze. The viewing
distance shall be equal to the image diagonal, or longest chord.

NOTE From the viewer’s position, the image extends 27 degrees from the normal to the display surface.

For reflective ISO/IEC-test charts, which are produced in A4 size, the viewing distance shall be 50 cm. This is similar
to the viewing distance of most displays and facilitate comparisons.

4.2.8 Glare
The ambient flare in the reference viewing environment shall be included in all reflective, display and projection
colours. If for displays the measurement is done from the viewer position in the reference viewing environment then
no problem is expected.
NOTE When positioning a display in a viewing environment, it is important to arrange the ambient lighting so that
direct reflections off the display surface, as seen from the viewer position, are avoided. This can usually be
achieved by placing ambient light sources at an angle of at least 45 degrees relative to the normal to the display
surface, which is assumed to be the viewer's direction of gaze.

4.2.9 Measurements
For measurement of reflective and transmissive colours the appropriate CIE procedure according to CIE Publication
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15:2004 shall be used.

All illuminance or luminance measurements shall be made with a photometer having the spectral sensitivity of the
CIE standard photopic photometric observer, V(A), and measuring an area having a diameter no greater than 1/20 of
the shortest linear dimension of the illuminated surface area.

All chromaticity values shall be based on the CIE 1931 two-degree standard observer. See CIE Publication 15:2004
Display measurements shall be performed in the reference viewing environment.

The use of a telespectroradiometer or a telecolorimeter for display measurement from the viewer position is
recommended, as they include allowance for any ambient flare present, and therefore provide an accurate
representation of the color as perceived by the viewer. Where such instruments are not available, and
measurements are made in contact with the face of the display, the ambient flare should be measured from the
viewer position and used to correct the measurement data obtained.

NOTE 1 Care should be taken when making measurements of displays to ensure that the sampling frequency, or
integration time, of the instrument used is synchronized with the frequency of scanning of the display. If not, at
least 10 measurements should be taken and averaged.

4.3 Relative CIELAB data rgb* and linear relationship to standard CIELAB data LAB*
This Technical Report use relative CIELAB data lab* for encoding and decoding of images.

If relative CIELAB data lab* are used then there is the option to use different equivalent colorimetric data, for
example the data lab*olv = rgbh*, lab*cmy = cmy0*, lab*tch = tch*, lab*nce = nce* and others. All these colorimetric
data have three components in the range zero to one and they are therefore all appropriate for colour image
encoding.

One of the relative CIELAB data lab* lab*olv = rgb* looks in a first step similar to the different rgb coordinates used
up to now for colour image encoding and in colour management. The rgb* data of this Technical Report have a well
defined relationship to the standard CIELAB data LAB* of colour measurement similar as the rgb data of the SRGB
colour space or the rgb data of the Adobe RGB (1998) colour space.

Therefore a mathematical transformation exits between the colorimetric rgb* data of this Technical Report and the
different other colorimetric rgb data. However, there is a linear relationship of the rgb* data and the standard
CIELAB LAB* data for visually equally spaced 16 step colour scales of the ISO/IEC-test charts according to ISO/
IEC 15775 and ISO/IEC TR 24705.

The linear relationship is required by many users and has for example the advantage that a colour with the
relative data rgb* = [0,5, 0,5, 0,5] is located in standard CIELAB space and visually in the middle between black with
data rgb* =[0,0, 0,0, 0,0] and white with the data rgb* =[1,0, 1,0, 1,0]. This is approximately true also for the rgb data
of the sSRGB colour space or the rgb data of the Adobe RGB (1998) colour space.

According to this Technical Report this is also true for all 16 step series between White or Black and the six
chromatic colours CMYOLV. For example a light Cyan blue with the data rgb* = [0.5, 1,0, 1,0] is located visually in the
middle between White with the data rgb* = [1,0, 1,0, 1,0] and Cyan blue with the data rgb* = [0,0, 1,0, 1,0].

In that case the rgb data of the SRGB colour space vary by a factor eight for the 16 step series White — Cyan blue
of the ISO/IEC-test charts. Therefore the rgb* colour space is much more isomeric. This property is of large
importance for many image technology application, for example for an effective encoding, decoding, compression,
and decompression.

Calculation in rgb* and cmy*, Table X with data.

4.4 Relative colorimetric Colour Management between input and output

In both the standard CIEXYZ and standard CIELAB color spaces the colour gamut changes for every device to a
large amount, for example by a factor 9 in standard CIELAB space for images on projection screens in offices,
compare Annex C.

In the lab*tab color space the colour gamut for every device is approximately the same. The device gamut is a
circular based double cone with a vertical axis of unity and a radius of unity. There is a mapping of colours from the
lab*tab colour space to the device independent standard CIELAB colour space in both directions.

Therefore a mapping from any input space via the lab*tab space to any output space is possible.
Additionally a mapping from the lab*tab space to different output spaces for different viewing conditions is possible
This includes a mapping from the lab*tab space to different output illuminants, for example D65 and D50.

In all cases it is necessary to measure or to calculate the standard CIELAB data LAB* of the eight basic colours
CMYOLVNW.

If for example these data come as metadata with the image, then any mapping between any input and any output is
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possible.

This mapping will remain the relative CIELAB data lab*tab and will of course change the standard CIELAB data
LAB* between input and output which is shown in the following figure.

*
AE*=9.41 I—

AE*=19.43 - AE*=19.43

AE*=19.06 AE*=5.08
C*ab (@%=10

ME321-4, Colour management of hues O-C; TV18 <-> PR18 ME320-6, Colour management of hues O-C; TV18 -> PR18

*
AE*=8.71 L

AE*=16.35

e

AE*=13.11 33
AE*=19.06 AE*=19.06

C*ab C*ab

ME330-4, Colour management of hues O-C; TV00 <-> PR18 ME331-4, Colour management of hues O-C; TV33 <-> PR18

Figure 2: Mapping of 5 step colour series in the standard CIELAB colour space

Fig. 2 shows the mapping of 5 step colour series in the standard CIELAB colour space from the actual television
systems TV18, TV0O and TV33 to the printer system PR18.

The strategy by ICC colour management for the mapping is not defined and proprietary. In more than 50% of the
cases the output is like in the upper right figure. The mapping is not only for the “ICC absolute rendering method” but
also for the “ICC relative rendering method” in the direction of the lowest colour difference in standard CIELAB. Then
most of the available output space of the printer is not used and for light cyan colours many different colours produce
the same output colours.

The RLAB lab* (2005) colour space uses relative CIELAB data lab* which appear in different modifications, for
example as lab*tab, lab*tch, lab*olv = rgb*.

In this Technical report there are clear, simple and effective rendering methods shown in Fig. 2, which are based on
the colorimetric definition of the relative CIELAB data lab*.

4.5 Standard CIELAB data LAB* of standard device colours CMYOLVNW

The RLAB lab* (2005) color space is a relative CIELAB color space defined by a colour and a set of eight basic
device colours. The standard CIELAB data LAB* for the eight standard offset device colours and the eight standard
monitor colours are given in the following tables. The colours white and black of this set define the medium white
colour and the medium black colour.

The medium white and medium black colours are assumed to appear achromatic in the viewing environment. If at
least one of the standard CIELAB data a* and b* of white or black are different form zero then a chroma adaptation
(a = adaptation) formula shall transfer to a*\, = b*ya = a8*wa = b*wa = 0 before colour image encoding is started.

4.5.1 Colorimetric data for eight basic device colours of offset and television
The standard CIELAB data for the eight standard offset device colours and the eight standard monitor colours are
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given in the following tables.

For the white colour the CIE tristimulus value is Yy, = 88,59 in all cases except in table 3 which shows the
normalisation to Y\, = 100 for comparison with other standards and publication. For luminous colours the
normalisation to the CIE tristimulus value Y,, = 88,59 is outlined in this Technical Report. The reference white colours
and the reference black colours are in all cases included in the tables.

Table 1: CIE data for offset printing according to 1SO 2846-1 with Y\, = 88,6 and L*, = 18

Basic offset colour or chromaticity tristimulus values L*a*b*- CIELAB data
mixture colour for D65 (Y=88,6 for white D65) (L*=95,4 for white D65)
ORS18=0L S18=Standard | X y X ‘ Y ‘ z L* ‘ ax ‘ b*
three subtractive basic colours: printing colours acc. to ISO 2846-1

C cyan-blue 0,1645| 0,2337 | 18,74 | 26,62 | 6854 | 58,62 |-30,63 |—-42,75
M magenta-red 0,4594 | 0,2348 | 33,06 | 16,90 | 22,01 | 48,13 | 7520 | —-6,80
Y yellow 0,4414 | 0,5000 | 68,06 | 77,10 9,03 | 90,37 |-11,16 | 96,17
three subtractive mixture colours: # DIN 33866-colours; ISO reference paper

O orange-red# 0,6080 | 0,3380 | 30,13 | 16,75 2,68 | 47,94 | 6531 | 52,07
L leaf-greentt 0,2523 | 0,5559 8,71 | 19,18 6,62 | 50,90 |-62,96 | 36,71
V violet-blue# 0,2158 | 0,1400 7,17 4,65 21,41 25,72 31,35 |-44,36
achromatic colours: # calculated by linear chroma extrapolation in the CIELAB colour space

W1 (ideal whitett, D65) 0,3198 | 0,3387 | 94,44 |100,00 |100,84 |100,00 | -1,07 5,06
W (ISO paper, D65) 0,3197 | 0,3384 | 8369 | 8860 | 8947 | 9541 | -0,98 4,76
N (black printing colour) 0,3122 | 0,3251 2,42 2,52 281 | 18,01 0,50 | -0,46
NO (ideal black#, D65) - - 0,02 0,00 0,12 0,01 084 | -1,68

Table 1 shows the standard CIE data for the offset printing colours according to ISO 2846-1:1997 for the CIE
standard 45°/0° geometry, the CIE standard illuminant D65 and the CIE standard 2°-observer. The data of Table 2
define the Offset Reflective System ORS18 for lightness L*\=18 of Black N. The analog ISO/IEC 15775-test charts
have been produced using the CIE data on ISO non-fluorescent standard reference paper.

There may be a few colorimetric calculation problems in applications. In Table 1 the chromaticity of the colours White
W and Black N is different and different compared to the chromaticity of D65 (x=0,3127, y=0,3290). The yellow-blue
standard CIELAB chroma changes 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 colour (either White W or Black N) to the chromaticity of D65, and there is no CIE colorimetric
solution for printers and monitors.

The following four equations transform all the standard CIELAB data L*a*b* which are located on a straight line
between N and W in the standard CIELAB space to the achromatic axis (a*=b*=0) in the adapted CIELAB space.
The equations are called the chroma adaptation (a) equations.

* = (L* — L*\) / (L*y — L*N) (0<=I*<=1is the relative CIELAB lightness between W and N)
*, = L* (no lightness change by the chroma adaptation (a) equations)
a*y=a*—a*y— (a*y—a*y) I (a*y and a*\ are CIELAB a*-chroma of White W and Black N)
*, = b* — b*y — (b*y — b*\) I* (b* and b* are CIELAB b*-chroma of White W and Black N)

The chroma adaptation equations and the following inverse equations
I*= (L*a— L*Na) / (L*wa — L*na) (LN = L*Nas L*w = L*wa)
L* = L,
a* = ar, + aty + (@ - aty) It
b* = b*a + b*N + (b*W _ b*N) |*
are used for the transform of the achromatic colours in the ISO/IEC-test charts and all other colours.

The chroma adaptation equations are used to extrapolate the standard CIELAB data for the achromatic colours
Black NO and White W1 in Table 1 and for the transfer of the chroma adapted colour data of Table 2 which are used
to calculate the standard 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*, and L*y is the reference.
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Table 2: CIE data of Offset Reflective System ORS18a with Y\, = 88,6 and L*,= 18

Basic offset colour or chromaticity tristimulus values L*a*b*- CIELAB data
mixture colour for D65 (Y=88,6 for white D65) (L*=95,4 for white D65)
ORS18a = OL S18a X ¥ X | ¥ | 2 L» | a4 | b%
three subtractive basic colours: printing colours acc. to ISO 2846-1

C cyan-blue 0,1610 | 0,2280 | 18,79 | 26,62 | 71,32 | 58,62 |-30,34 |-45,01
M magenta-red 0,4549 | 0,2319 | 33,08 | 1690 | 22,90 | 48,13 | 75,28 | —-8,36
Y yelow 04388 | 04941 | 6847 | 77,11 | 1048 | 90,37 |-10,26 | 91,75
three subtractive mixture colours: # DIN 33866-colours; ISO reference paper

O orange-red# 0,6054 | 0,3363 | 30,15 | 16,75 290 | 47,94 | 6539 | 50,52
L leaf-green#t 0,2494 | 0,5484 8,72 | 19,18 7,07 | 50,90 |-62,83 | 34,96
V violet-bluet# 0,2148 | 0,1400 7,14 465 | 21,44 | 2572 | 31,10 |-44,40
achromatic colours: # calculated by linear chroma extrapolation in the CIELAB colour space

W1 (ideal white#, D65) 0,3127 | 0,3290 | 95,05 |100,00 |108,92 |100,00 0,00 0,00
W (1SO paper, D65) 0,3127 | 0,3290 | 84,21 | 88,60 | 9648 | 9541 0,00 0,00
N (black printing colour) | 0,3127 | 0,3290 2,40 2,52 2,74 | 18,01 0,00 0,00
NO (ideal black#, D65) - - 0,00 0,00 0,00 0,01 0,00 0,00

Table 2 shows the chroma adapted (a) colour data which are calculated from the offset printing colours according to
ISO 2846-1:1997. For the achromatic colours the adapted CIELAB chroma data a* and b* are equal to zero. This
system is called chroma adapted (a) Offset Reflective System ORS18a for the lightness L*\=18 of Black N. This
System is equal to the Offset Luminous System OLS18a with Y\,=88,6 and Y,=2.5. Four Offset Luminous Systems
OLSxxa with xx=00, 18, 27 and 33 with four different ambient light reflections are given in Annex K of ISO/IEC TR
24705.

Table 3: CIE data of television according to ITU-R BT.709-3 with Y,y = 100,0 and L*\ =0

Basic television colour or | chromaticity tristimulus values L*a*b*- CIELAB data
mixture colour for D65 (Y=100,0 for white D65) | (L*=100,0 for white D65)
CIE datafor Yw=100 X y X ‘ Y ‘ z L* ‘ a* ‘ b*
three additive basic colours: 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 blue 0,1500 | 0,0600 18,05 722 | 9505 | 32,30 | 79,19 |-107,85
three additive mixture colours: television colours acc. to ITU-R BT.709-3

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 28,48 | 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 () - - = - - - - -

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

Table 3 shows the standard CIE data for television colours according to ITU-R BT.709-3 for the CIE standard
illuminant D65, the CIE standard diffuse/0° geometry, the CIE 2°-observer, and normalized to Y,y = 100. The

normalization to Yy, = 100 is the simplest colorimetric method. For colorimetric comparison of monitor and paper
colours (of often near the same luminance) the colorimetric normalization to Y,y = 88,6 of the following table is
appropriate.
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Table 4: CIE data of Television Luminous System TLS00 with Y\, = 88,6 and L*y=0

Basic television colour or |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 I TU-R BT.709-3

R red 0,6400 | 0,3300 36,54 18,84 1,71 | 5050 | 76,92 | 64,54
G green 0,3000 | 0,6000 31,68 | 63,36 10,56 | 83,63 |-82,77 | 79,90
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-RBT.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 5253 | 2524 | 8593 | 57,30 | 94,35 |-5842
Y yellow 0,4193 | 0,5053 68,22 | 82,20 12,27 | 92,66 |-20,70 | 90,75
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 8421 | 8860 | 96,49 | 9541 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 0,01 0,00 0,00

Table 4 shows the standard CIE colour data for television according to ITU-R BT.709-3 now normalized to Yy, =
88,6. This system is called Television Luminous System TLSO0O for the black lightness L*\=0. In Table 1 to 5 except
Table 3 the luminance factor is always normalized to Y\, = 88,6 (instead of Y\, = 100,0 in Table 3) for White W. Then
in all cases the luminance factor Y,y and the lightness L*, of the White W on the monitor and on the paper are equal.

The normalised luminance reflectance Y,, = 88,6 is defined by the white standard reference paper of offset colour
printing which is used for the production of the standard analog ISO/IEC 15775-test charts no. 2 to 4. In case of
different reflections for ambient lighting on the monitor surface the same normalised luminance reflectance Yy, =

88,6 is used. Therefore a transparent (t) normalised luminance reflectance is necessary to calculate the CIE XYZ
tristimulus values. The normalization changes the XYZ tristimulus values and the standard CIELAB data of any
colour in the application. The luminance reflectance Y,=2,5 depends on the ambient office lighting and the reflection
properties of the monitor surface. For the luminance reflectance Y,=2,5 the (transparent) normalised luminance
reflectance is

Yi=Yw-Y,=88,6-25=86,1
The equation is also used for the other luminance reflectance values Y,=0,0, Y,=5,0, and Y ,=7,5.

Table 5: CIE data of Television Luminous System TLS18 with Y\, = 88,6 and L*y= 18

Basic television colour or |chromaticity tristimulus values L*a*b*- CIELAB data
mixture colour for D65 (Y=88,6 for white D65) (L*=95,4 for white D65)
TLS18: Yw=86,1+ 2,5 X y X \ Y \ Z L* \ a* \ b*
three additive basic colours: 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 additive mixture colours:; television colours acc. to ITU-RBT.709-3

C cyan-blue 0,2278 | 0,3287 | 48,71 | 70,30 | 94,79 | 87,14 |-44,44 |-13,14
M magenta-red 0,3205 | 0,622 | 5343 | 27,04 | 86,23 | 59,01 | 89,33 |-55,69
Y yellow 0,4144 | 04971 | 68,67 | 82,33 | 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

Table 5 shows the CIE colour data for the Television Luminous System TLS18 normalized to Y\, = 88,6 and with the
luminance reflectance Y, = 2,5. The calculations in the Table 5 first need the normalized luminance reflectance Y, =
86,1 (= 88,6 — 2,5) for White W and all other colours of Table 3. Then an ambient light of the chromaticity D65 with X,
=2,40,Y,=2.52, and Z, = 2,74 must be added to any XYZ monitor colour. There are additional tables for the
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Television Luminous System TLS27 and TLS33 in ISO/IEC TR 24705.

Therefore two different cases of ambient light reflections are considered in this Technical Report. The two luminance
reflectance Y, are 0,0 and 2,52 which corresponds to the standard CIELAB lightness L* = 0 and 18. Two different
Television Luminous Systems (TLS) and two corresponding CIE colour data and example figures are given.

NOTE: A similar Offset Luminous System (OLS) of transparent offset colours printed on transparent overhead
sheets is defined in Annex K of ISO/IEC TR 24705.

4.5.2 The forward color transformation
The forward color transformation defines the conversion from the standard CIELAB data LAB* to the relative CIELAB
data lab*olv = rgb*.

4.5.3The inverse color transformation
The inverse color transformation defines the conversion from the relative the relative CIELAB data lab*olv = rgb* to
the standard CIELAB data LAB*

4.5.4 Color Space Encoding 8/8-bit and 7/8-bit
The 8/8-bit and 7/8-bit value range for RLAB lab* (2005) color space component values shall be [0, 1].

The color component values shall be encoded using integer encodings.

Integer encodings shall be unsigned with 8 bits per component with the same number of bits for all three
components.

The rgb* component value range [0, 1] shall be encoded over the code value range [0, 255].

For 8/8-bit encoding the rgb* code values of 0, 0, 0 shall represent the color space black point, and rgb* code values
of 1, 1, 1 shall represent the color space white point.

For 7/8-bit encoding the rgh* code values of 0.25, 0.25, 0.25 shall represent the color space black point, and rgb*
code values of 0.75, 0.75, 0.75 shall represent the color space white point.

For integer encodings, all code values shall be within the color space gamut.

4.5.5 Input referred and output referred image state

The input referred and output referred image state of the RLAB lab* (2005) color image encoding shall use the data
lab*olv = rgb*

The metadata of the image shall include the standard CIELAB data of the eight basic colours used for encoding.

4.5.6 Standard CIE tristimulus values XYZ and standard CIELAB data LAB*
The standard CIE tristimulus values XYZ and the standard CIELAB data LAB* shall be those of the image as viewed
on the reference device by the reference observer in the reference viewing environment.

The CIE tristimulus values are normalized according to CIE Publication 15. For luminous colours the CIE tristimulus
value is normalized to Y,, = 88,59 for the white medium colour.

NOTE Examples for the normalisation of the CIE tristimulus values are shown in Tables 1 to 5. The standard
CIELAB data LAB* are calculated according to CIE publication 15 from the standard CIE tristimulus values XYZ.

NOTE The adaptation of the standard CIELAB data a* and b* for medium white and black is described in section
4.2.5. Table 2 includes adapted CIELAB data a*\, = b*na = @*ywa = b*wa = 0.

4.5.7 Adapted CIE tristimulus values XYZ, and adapted CIELAB data LAB*,
The adapted CIE tristimulus values XYZ, and the adapted CIELAB data LAB*, shall be those of the image as viewed
on the reference device by the reference observer in the reference viewing environment.

An adaptation method in standard CIELAB space is necessary, if the device dependent colors Black N and White W
have standard CIELAB data a* and b* different from zero, which is usually the case for real devices.

After adaptation the adapted CIELAB data are a*,y = b*,y = a*,w = b*,w = 0 for Black N and White W. There is

usually also a small change of the standard CIELAB data a* and b* for all other colours including the device colours
CMYOLVNW.

Examples are given for the Offset Reflective System ORS18 and the adapted Offset Reflective System ORS18a and
others in Annex A.

5. Encoding standard CIELAB LAB* to integer lab*tch,, lab*nceor lab*olv,,
An image with standard CIELAB data LAB* shall be encoded into an 3x8-bit RLAB lab*tch,g, lab*nce,g, lab*olvyyg, or
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lab*cmy,,g color image for k = 7 and k = 8 in this section.

The conversion from standard CIELAB data LAB* to 3x8-bit RLAB lab*tch,g, lab*nceg, lab*olvsg, or lab*cmysg
color image encoding shall be the inverse of the conversion from 3x8-bit RLAB lab*tch,g, lab*nce,g, lab*olvs,g, Or
lab*cmys,,g color image encoding to standard CIELAB data LAB*, which is given in the next section 6.
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Figure 3: Triangle colour with encoding of the grey scale by 7/8bit and 6/8 bit.

Fig. 3 shows examples of the colour encoding by 7/8bit and 6/8 bit for the grey scale instead of the standard
encoding 8/8bit. The relative CIELAB data triangle lightness t* = lab*t, and c* = lab*c is given. The encoding of
different relative CIELAB data lab*t, lab*w, lab*c, lab*n and others is shown for 7/8bit and 6/8bit. For the description
of the different coordinates, see Annex B.

The encoding outside the device colour gamut (colour triangle) may be used for highlight colours, fluorescent colours
and very chromatic colours, for example the effect colours used in the automotive industry. One important property
of this encoding is that the inverse transformation applied to the colour data will produce back the original colour
data. This is often a large disadvantage of many of the present application programs. For many software programs
the colorimetric forward and inverse transformations lead to a loss of information (for example in many cases with
the software Adobe Photoshop depending on the colour space used). Often some (calculated) colour data larger
than one or less than zero are clipped and are lost for further transformations.

N-W: d8/8bit for cmy3* (dec, hex)

setcmy3*color

N-W: d7/8bit for cmy3* (dec, hex)
d7cmy3*tod8cmy3* setcmy3* color

\Y,

N-W: d6/8bit for cmy3* (dec, hex)
décmy3* tod8cmy3* setcmy3* color

\Y
de/8:
c3* 955F 955F 159,9F 159,9F 159,9F 95,5F
m3* 159,9F 95,5F 95,5F 95,5F 159, 9F 159, 9F
y3* 159,0F 159,9F 159,9F 95 5F 95 5F 95 5F

achromatic basic colors
décmy3*tod8cmy3* setcmy3* color

de/s: N D

c3* 159, 9F 143, 8F 127,7F 111,6F 95 5F
m3* 159, 9F 143,8F 127,7F 111,6F 95 5F
y3* 159,0F 143,8F 127,7F 111,6F 95 5F

BE051-5, digital data d6/8bit wgcode crmy3*

Y,

0,00 255 FF 255 FF 255 FF 0,00
m3* 255, FF 0,00 0,00 0,00 255 FF 255, FF
y3* 255 FF 255 FF 255 FF 0,00 0,00 0,00

achromatic basic colors
setcmy3*color

ds/s: N D

C3* 255 FF 191,BF 127,7F 63,3F 0,00
m3* 255, FF 191,BF 127,7F 63,3F 0,00
y3* 255 FF 191,BF 127,7F 63,3F 0,00

BEQ050-5, digital data d8/8bit ngcode crmy3*

3 63,3F 191, BF 191, BF 191, BF 63, 3F
m3* 191,BF 63,3F 63,3F 63,3F 191, BF 191, BF
y3* 191, BF 191,BF 191, BF 63,3F 63,3F 63 3F

achromatic basic colors
d7cmy3*tod8cmy3* setcmy3* color

dv/s: N D

c3* 191,BF 159,9F 127,7F 955F 63 3F
m3* 191,BF 159,9F 127,7F 95,5F 63, 3F
y3* 191,BF 159,9F 127,7F 955F 63 3F

BE051-1, digital data d7/8bit sgcode crmy3*

Figure 4: Colour encoding for basic colours and for a 5 step the grey scale by 7/8bit and 6/8 bit

Fig. 4 shows examples of the colour encoding for basic colours and for a 5 step the grey scale by 8/8bit, 7/8bit and 6/
8 bit. The three encodings shall be called ngcode (narrow or normal gamut code), sgcode (standard or extended
gamut code) and wgcode (wide gamut code). The standard gamut code allows to code 4 time more colours and the
wgcode 16 times more colours compared to the ngcode.

The same output is intended for the different encoding data used in the digital file. Therefore different decoding
functions, for example décmy*_to_d8cmy, shall be applied to the middle and right figure, which transfers data
lab*cmy5g or lab*cmygg to lab*cmy*gg. For example the right figure uses the decoding function décmy*_to_d8cmy,
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N-W: d7/8bit for cmy3* (dec, hex)
d7cmy3* tod8cmy3* setcmy3* color

\Y,

d7/8:

c3* 63,3F 63,3F 191, BF 191, BF 191,BF 63, 3F
m3* 191,BF 63,3F 63,3F 63,3F 191, BF 191, BF
y3* 191, BF 191,BF 191,BF 63,3F 63,3F 63 3F

achromatic basic colors
d7cmy3*tod8cmy3* setcmy3* color

o2
d7/8: .

c3* 191,BF 159, 9F 127,7F 95 5F 63, 3F
m3* 191,BF 159, 9F 127,7F 95, 5F 63,3F
y3* 191, BF 159,9F 127,7F 955F 63,3F

BEQ071-4, digital data d7/8bit sgcode cmy3*

C e ;"n* blackness
P 191 10 20

chromaticness c*
BE061-5, Triangle coordinates scdn*: 7/8bit

BEQ71-5, digital data d7/8bit sgcode cmy3*

Figure 5: Colour encoding using deepness d* for colours and 7/8bit without and with decoding

Fig. 5 shows the colour encoding using the deepness d* direction which is the same as the cmy* direction for the
encoding. In the middle figure the 7/8bit decoding is not applied and then the output has a low contrast range
(between 0,25 and 0,75). The right figure shows the correct 7/8bit decoding. Only colours between hex values 63
and 191 (between digital 0.25 and 0.75) are used in Fig. 5. The reproduction of the right figure is the same as in Fig.
4 (left figure). A naive user will not realize any encoded colour outside the 7/8bit boundary. This colours will be
reproduced at the 7/8bit boundary. Experts can make use of the colour encodings outside if there is a wide gamut
output device available and if for example an absolute reproduction in CIELAB is intended.

5.1 Encoding standard CIELAB data LAB* to adapted CIELAB data LAB*,
The standard CIELAB data LAB* shall be converted to adapted CIELAB data LAB*, as follows:

The following four equations transform all the standard CIELAB data L*, a*, b* which are located on a straight line
between N and W in the standard CIELAB space to the achromatic axis (a*=b*=0) in the standard CIELAB space.
The equations are called the chroma adaptation (a) equations.

* = (L* — L*\) / (L*yw — L*N) (O<=I*<=1is the relative CIELAB lightness between W and N)
L*, = L* (no lightness change by the chroma adaptation (a) equations)
a*g = a*—a*y— (ary—a*\) I* (a*y and a*\ are CIELAB a*-chroma of White W and Black N)
b*, = b* — b*y — (b*y — b*\) I* (b* and b* are CIELAB b*-chroma of White W and Black N)

The device dependent standard CIELAB data of black N and white W shall be used.

NOTEL1 For the Offset Reflective System ORS18 the standard CIELAB data LAB* are given in Table 1 and the
adapted CIELAB data LAB*, are given in Table 2.

NOTE2 For the Television Luminous System TLS18 the standard CIELAB data LAB* are given in Table 4. In this
case the data LAB* and LAB*, are identical because for TLS18 it is valid a*y = b*y = a*y = b*y = 0.

The equivalent standard CIELAB data LCH* (lightness, chroma, hue) shall be calculated
C*apa = ( a*,2 + b*,2 )22
H*, = arcos (a*,/ b*,)
h* = H*,/ 360
NOTE All relative CIELAB data lab*, for example lab*h = h* do not need an index a.

5.2 Encoding with 8 bit hue table for adapted CIELAB data LAB*,,,of maximum colors
The floating point number hue h* is in the range [0,1]. The following equations shall be used

h*g = 255 h*
The integer value h*g is in the range [0, 255]. Table C.1 of Annex C has 6 columns with the following data:

h*g, C*apmar L*Mar 18D*03y1a, 18D*I31a, 180*V3ya, €%, W01y
The table has 256 entries with the index 0 to 255 (8bit). Therefore for any of the 256 h*g values for example the two
values C*,p, ya @and L*, or the three values lab*,,3y, are given.

NOTE: If the adapted CIELAB data LAB*, are known then it is very easy to calculate at first the CIELAB hue
angle H*,, then the hue value h* and then the integer hue h*g. Finally the table C.1 produces for a given h*g either
the two data C*,p \a, L*y OF the three data lab* gy, OF the elementary hue value e*. All data sets are necessary
and used in the next sections.
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The elementary hue value e* allows to express the four elementary hues which are located at the floating points 0,00
(elementary Red = R), 0,25 (elementary Yellow = J), 0,50 (elementary Green = G), 0,75 (elementary Blue = B). This
corresponds to the integer elementary hue data e*g = 0 (R), 64 (J), 128 (G), and 192 (B).

5.3 Encoding adapted CIELAB data LAB*, to k/8bits integer data lab*tch,zor lab*nce,g
Either k = 8 bits or k = 7 bits are used for encoding of the grey scale in this section 5.3.

5.3.1 Encoding adapted CIELAB data LAB*,to relative CIELAB data lab*tch or lab*nce
The integer data h*gin the range [0,255] shall be used to determine the two data C*,, y, and L*),, of the Table C.1.

The basic equations for lab*tch and others to be used are given in Annex B. The above values C*,j, 1, and L*,, are
the data for the maximum adapted colour M, compared to a given adapted colour F, of the same hue h*. For the
adapted colour F, the relative CIELAB data chromaticness c*, lightness I*, triangle lightness t*, whiteness w* and
blackness n* shall be calculated in the following sequence of the equations (1) to (6).

* =h (1)
c* = C*ab,a/ C*ab,ma (2)
= =N/ LW =L ] ®3)
t** =F-c*{ [L*y—L*]/[L*w—L*\]-05} (4)
w* =t* —0.5c¢c* (5)
n* =1-c¢c* —w* (6)

NOTE For the three data CIELAB lightness L* of the colours Fa, Ma, N, and W it is valid L* = L*,.

The relative CIELAB data of the new relative device dependent space NCCS (small letters) are given in bold and
italics and the standard CIELAB data LAB* (capital letters) are given only in italics for easy identification.

The resulting lab*tchn data shall be in floating point and we need for lab*tch and lab*nch encoding

lab*t = t*

lab*c = c*
lab*h = h*
lab*n = n*
lab*e = e*

NOTE for any given integer hue h*g the elementary hue value in given in the Table C.1
Integer encodings lab*tchgg or lab*nchgg for 8bits or lab*tch,g or lab*nce,g for 7bits out of 8bits for the grey scale
range are intended.

The lab*tch or lab*nce values are approximately for all colours of any device in the range [0, 1], only some device
colours may be within the twofold larger range [-0,5, 1,5] and in rare cases some colours may be outside. The hue
values lab*h or elementary hue values lab*e are by definition always within the range [0, 1].

NOTE For the calculation of the elementary hue e* see table C.1

5.3.2 Encoding relative CIELAB data lab*tch or lab*nch to 8/8bits integer data lab*tchgg or lab*ncegg

The three lab*tch or lab*nch data shall be assumed to be floating point and shall be converted to RLAB lab* (2005)
component values as unsigned integer lab*tchgg or lab*nchgg as follows, if 8 bits for the grey scale range are used:

lab*tgg = 255 lab*t or lab*ngg = 255 lab*n
lab*cgg = 255 lab*c
lab*hgg = 255 lab*h or lab*egg = 255 lab*e

If for the resulting lab*tchgg or lab*ncegg data values less than zero or values larger 255 occur they shall be skipped
to zero or skipped to 255. Therefore, all lab*tchgg or lab*ncegg values are in the range [0, 255].

5.3.3 Encoding relative CIELAB data lab*tch or lab*nch to 7/8bits integer data lab*tch,g or lab*nce,

The three lab*tch or lab*nch data shall be assumed to be floating point and shall be converted to RLAB lab* (2005)
component values as unsigned integer lab*tch,g or lab*nchgg as follows, if 7 bits for the grey scale range are used:

lab*t;g = 64 + 127 lab*t or lab*n,g = 64 + 127 lab*n
lab*c,g = 64 + 127 lab*c
lab*h,g = 255 lab*h or lab*e,g = 255 lab*e
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If for the resulting lab*tch,g or lab*nce,g data values less than zero or values larger 255 occur they shall be skipped
to zero or skipped to 255. Therefore, all lab*tch,g values are in the range [0, 255].

NOTE The hue values lab*h or elementary hue values lab*e are by definition always within the range [0, 1].

5.4 Encoding adapted CIELAB data LAB*,to relative CIELAB data lab*0lvsgg or lab*olvgg.
The encoding to lab*cmys is very similar compared to lab*olv; and is not specified here separately. The “One minus
relation” shall be applied to the final encodings of lab*olvyg, if this is required.

lab*csg = 1 — lab*05,g

lab*mgg = 1 — lab*l5,g

lab*ysg = 1 — lab*vag

5.4.1 Encoding adapted CIELAB data LAB*,to relative CIELAB data lab*olv,
The integer hue data h*gin the range [0, 255] shall be used to determine the three data lab*o3),, lab*l3y, lab*vsy, of
the Table C.1. Further the following data of section 5.3.1 shall be used

lab*n = n*

lab*w= w*
Then the following equations for lab*olv; shall be used

lab*o; = [1 — n* ] [ lab*oy, + w* (1 — lab*oy,) ]

lab*l; = [1 — n*] [ lab*ly, + w* (1 — lab*ly;) ]

lab*vs = [1 — n*] [ lab*vy, + w* (1 — lab*vy) ]
The resulting lab*olv; data shall be in floating point. Integer encodings lab*olvggg for 8bits or ab*olvs,g for 7bits out of
8bits for the grey scale range are intended.

The lab*olv; values are approximately for all colours of any device in the range [0, 1], only some device colours may
be within the twofold larger range [-0,5, 1,5] and in rare cases some colours may be outside.

5.4.2 Encoding relative CIELAB data lab*olv; to 8/8bits integer data lab*olvggg
The three lab*olv; data shall be assumed to be floating point and shall be converted to RLAB lab* (2005) component
values as unsigned integer lab*olv;gg as follows, if 8 bits for the grey scale range are used:

lab*03g4 = 255 lab*o,

lab*l3g = 255 lab*I;

lab*v3ge = 255 lab*v,
If for the resulting lab*olvsgg data values less than O or values larger 255 occur they shall be skipped to zero or
skipped to 255. Therefore, all lab*olvsgg values are in the range [0, 255].

5.4.3 Encoding relative CIELAB data lab*olv; to 7/8bits integer data lab*olv;g
The three lab*olv; data shall be assumed to be floating point and shall be converted to RLAB lab* (2005) component
values as unsigned integer lab*olv;,g as follows, if 7 bits for the grey scale range are used:
|ab*0378 =64+ 127 Iab*03
|ab*|378 =64+ 127 Iab*|3
|ab*V378 =64 + 127 |ab*V3
If for the resulting lab*olvy,5 data values less than 0 or values larger 255 occur they shall be skipped to zero or
skipped to 1. Therefore, all lab*olv;,g values are in the range [0, 255].
NOTE If by some reason for all the television colours in the TLS18 colour space an encoding in the printing space
ORS18 is preferred then all television colours are located within the extended range [-0,5, 1,5] of the printing
space. No colour value will be skipped and multiple decoding and encoding will produce the same relative
CIELAB data lab*olv;. A similar property is true in the inverse case and therefore the 7/8bit integer data may be

very effective for many colour management applications because it is expected that no skipping of integer data
occur for re-rendering.
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6. Decoding integer lab*tch,, lab*nce,;or lab*olv, to standard CIELAB LAB™*.

An image encoded in lab*tch,g, lab*nce,g, lab*olv,,g, Or lab*cmy,,g color image encoding shall be decoded into
standard CIELAB data LAB* as specified for k =7 or k = 8 in this section.

The conversion from lab*tch,g, lab*nce,g, lab*olvgg, or lab*cmygg color image encoding to standard CIELAB data
LAB* shall be the inverse of the conversion from standard CIELAB data LAB* to lab*tch,g, lab*nce,g, lab*olvyg, Or
lab*cmyg,g color image encoding that was given in section 5.

6.1 Decoding integer data lab*tch,g or lab*nce,; to adapted CIELAB data LAB*,

6.1.1 Decoding 8/8bits integer data lab*tchgg or lab*ncegg to relative CIELAB data lab*tch or lab*nce
The three lab*tchgg 8-bit channel values in 3x8-bit RLAB lab* (2005) color image encoding and 8 bits for the grey

scale shall be assumed to be unsigned integers and shall be converted to RLAB lab* (2005) component values
lab*tch as follows:

lab*t = lab*tgg / 255 or lab*n = lab*ngg / 255
lab*c = lab*cgg / 255
lab*h = lab*hgg / 255 or lab*e = lab*egg / 255

All lab*tchgg and lab*nceggvalues are in the range [0, 255]. The resulting lab*tch and tab*nce values are then in the
range [0,1].

6.1.2 Decoding 7/8bits integer data lab*tch,g or lab*nce,gto relative CIELAB data lab*tch or lab*nce
The three lab*tch,g 8-bit channel values in 3x8-bit RLAB lab* (2005) color image encoding and 7 bits for the grey

scale shall be assumed to be unsigned integers and shall be converted to RLAB lab* (2005) component values
lab*tch as follows:

lab*t = (lab*t,g - 64 ) / 127 or lab*n = (lab*n,g - 64 ) / 127
lab*c = (lab*c,g - 64 ) / 127
lab*h = lab*h,g / 255 or lab*e = lab*e;g / 255

All lab*tch,g and lab*ncegg values are in the range [0, 255]. The resulting lab*tch and tab*nce values are then in the
range [-0,5, 1,5].

6.1.3 Decoding relative CIELAB data lab*tch to adapted CIELAB data LAB,

The integer data h*g = h*;g = h*gg in the range [0,255] shall be used to determine the two data C*,, i, and L*y,, of the
Table C.1.

The starting data are

t* = lab*t
c* = lab*c
h* = lab*h

The basic equations for lab*tch and others to be used are given in Annex B. The above values C*,;, o and L*, are
the data for the maximum adapted colour M, compared to a given adapted colour F, of the same hue h*. For the
adapted colour F, the relative CIELAB data lightness I*, whiteness w* and blackness n* shall be calculated in the
following sequence of the equations (1) to (7).

=t +c*{[L'm—-L*N]/[L*w—-L*]-05} )
L*=1* [l —L*% ] + Ly )
C*ab,a =c* C*ab,ma (3)

2 = h* 4)
w*=t* —0.5c* (5)
n*=1-c* —w* (6)
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H¥, = 360 h* %
a*, = C*ap 4 COS HY, (8)
b*y = C*apa SiN HY, (9)

The relative CIELAB data lab*tch of the relative device dependent space NCCS (small letters) are given in bold and
italics and the standard CIELAB data LAB* (capital letters, except a*, and b*,) are given only in italics for easy
identification.

The resulting relative CIELAB data LCH*, and LAB*, shall be in floating point.

6.1.4 Decoding relative CIELAB data lab*nce to adapted CIELAB data LAB,

The integer data e*g = *;g = €*gg in the range [0,255] shall be used to determine the two data C*,, 5 and L*, and
the hue value h* of the Table C.7, which is the inverse table of table C.1.

The starting data are

n* = lab*n
c* = lab*c
e* = |[ab*e

The basic equations for lab*nce and others to be used are given in Annex B. The above values C*,;, i, and L*, are
the data for the maximum adapted colour M, compared to a given adapted colour F, of the same elementary hue e*.
For the adapted colour F, the relative CIELAB data whiteness w*, blackness n*, and lightness I* shall be calculated
in the following sequence of the equations (1) to (7).

w*=1-c* —n* 1)
t*=w* +0.5c* 2
=t +c*{[L'm—-L*N]/[L*w—-L*]-05} ®3)
Le=1" [Lfw—L* ] + Ly 4)
C*apa = C* C*abma (5)
h*, = h* see Table C.7
H*, = 360 h* 7
8%, = C¥gpq COS HY, ®)
b*, = C¥apa Sin HX, 9)

The relative CIELAB data lab*nce of the relative device dependent space NCCS (small letters) are given in bold and
italics and the standard CIELAB data LAB* (capital letters, except a*, and b*,) are given only in italics for easy
identification.

The resulting relative CIELAB data LCH*, and LAB*, shall be in floating point.

6.2 Decoding integer data lab*olv,g Or lab*olv,5 to adapted CIELAB data LAB*,

6.2.1 Decoding 8/8bits integer data lab*olvagg to relative CIELAB data lab*olv,
The three lab*olvsgg 8-bit channel values in 3x8-bit RLAB lab* (2005) color image encoding and 8 bits for the grey

scale shall be assumed to be unsigned integers and shall be converted to RLAB lab* (2005) component values
lab*olv; as follows:

|ab*03 = |ab*0388 | 255

|ab*|3 = |ab*|388 | 255

Iab*V3 = Iab*V388 | 255
All lab*olv;gg values are in the range [0, 255]. The resulting lab*olv; values are then in the range [0,1].
6.2.2 Decoding 7/8bits integer data lab*olvs,g to relative CIELAB data lab*olv,

The three lab*olvy,g 8-bit channel values in 3x8-bit RLAB lab* (2005) color image encoding and 7 bits for the grey

scale shall be assumed to be unsigned integers and shall be converted to RLAB lab* (2005) component values
lab*olv; as follows:
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lab*oz = (lab*0375 - 64 ) / 127
lab*l; = (lab*l3;g - 64 ) / 127
lab*v; = (lab*v4,g - 64 ) / 127
All lab*olv;,g values are in the range [0, 255]. The resulting lab*olv; values are then in the range [-0,5, 1,5].

6.2.3 Decoding relative CIELAB data lab*olv; to adapted CIELAB data LAB,
The minimum, difference and maximum of the three values lab*olv; determine blackness n*, chromaticness c* and
whiteness w*

n* = min ( lab*o3, lab*l;, lab*vs)
w* =1 — max ( lab*o3, lab*l;, lab*vy)
c*=1-n*-—w*
The hue is to be decided depending on the six sector of the six chromatic colours in a regular hexagon.
x = lab*o5 cos 30 - lab*I; cos 30
y = — lab*v; + lab*05 sin 30 + lab*l; sin 30
h*vama = @tan (x/y) /360

Table D.1 uses the integer data h*,,3ua as index in the range [0,255]. Table C.8 shall be used to determine the two
data C*,p, ma @and L¥y,.

The starting data are

n* = lab*n
c* = lab*c
w* = lab*w

The above values C*,, i, and L*, are the data for the maximum adapted colour M, compared to a given adapted
colour F, of the same hue h*;,,3u4. FOr the adapted colour F, the relative CIELAB data triangle lightness t*, lightness
I* and hue h* shall be calculated in the following sequence of the equations (1) to (7).

t*=w* +0.5c* Q)
F=t+c*{ [L*ya—L*'n]/[L*w—L*y]-0.5} (2)
Le=1" [Lfw— L] + Ly 3)
C*apa = C* C*apma (4)

*a=h* )

*, =360 h* (6)
a*; = C*3p4 COS HY, (7
b*, = C*apa SIN H*, (8)

The relative CIELAB data of the relative device dependent space NCCS (small letters) are given in bold and italics
and the standard CIELAB data LAB* (capital letters) are given only in italics for easy identification.

The resulting relative CIELAB data LCH*, and LAB*, shall be in floating point.

6.3 Decoding adapted CIELAB data LAB,to standard CIELAB data LAB*
The adapted CIELAB data LAB*, shall be converted to standard CIELAB data LAB* as follows:

The following four equations transform all the adapted CIELAB data LAB*, which are located on the achromatic axis

(a*=b*=0) between N and W in the adapted CIELAB space into the standard CIELAB space. The equations are
called the chroma adaptation (a) equations.

*=(L*; — L*na) / (L*wa — L¥n2) (0<=I*<=1is the relative CIELAB lightness between W and N)
L*=L*, (no lightness change by the chroma adaptation (a) equations)
ar=a*, +ary+@w—arnl* (a*y and a*\ are CIELAB a*-chroma of White W and Black N)
b* = b*, + b*y + (b*y, — b*\) I* (b*y, and b*\, are CIELAB b*-chroma of White W and Black N)

NOTE1 For the Offset Reflective System ORS18 the standard CIELAB data LAB* of black N and white W are
given in Table 1 and the adapted CIELAB data LAB*, are given in Table 2.

NOTE2 For the Television Luminous System TLS18 the standard CIELAB data LAB* of black N and white W are
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given in Table 4. In this case the data LAB* and LAB*, are identical because for TLS18 it is valid a*y = b*y = a*y
= b*W =0.

7. Colour input, rendering and output based on RLAB lab* (2005)
7.1 Colour management and colour rendering based on RLAB lab* (2005)

W default color space W default color space W default color space
color space planes: color space planes: color space planes:

80CY i as 0,5 1,0 0,5 1,0
—————————————————————
chromaCty, ——> chromaticness c* chromaticness c*
BE090-2, lightness L*, chroma C* 4, of O1 BE090-4, lightness t*, chromaticness c* BE090-4, lightness t*, chromaticness c*

Figure 6: From adapted CIELAB data LCH*, via relative CIELAB data lab*Ich to lab*tch
Fig. 6 shows the transfer from adapted CIELAB data LCH*, to relative CIELAB data lab*Ilch and lab*tch. Hue is
constant and the right figure shows the 16 step series within the Natural Colour Connections Space (NCCS). This

space has high perceptual isometry (visual uniformity) which is of large importance for effective communication and
compression.

1:¢c*=0.30 , 1:¢c*=0.30 Y v
W1 Lne=o000 | W1, 1. n* = 0.00 L ey
1': ¢ =055 "1 ¢* = 0.09 L o) \
9 1':n* =0.00 9 " n* =0.00 o
: % ’
M M
6 C*’ 20*1/2 C*’ 20*2 \ C M
N® 2 = 0.55 N®6 o = 0.09 ! M
_c =0 > C =0 Viy *= h*—2/36
LE571-3, Colorimetric chromaticness c* increase LE571-4, Colorimetric chromaticness c* decrease LE571-6, Colorimetric hue h* decrease

Figure 7: Rendering to larger or smaller chromaticness c* or a clockwise hue shift h*

Fig. 7 shows examples for colour rendering in the NCCS which produces larger (left) or smaller (middle)
chromaticness c* or a clockwise (right) hue shift h*. The chromaticness change can be done only if the blackness
data lab*n are kept constant during the chromaticness transformation. An example rendering transformation is

cv=c2 and n¥=n*
Then the chromaticness c* = 0 and c¢* = 1 will not change and c*= 0,3 will change to ¢c* = 0,55, which is more
chromatic.
Another example transformation is a clockwise hue shift by 20 degrees (right)
h* = h* — 2/36
One or both of the above changes may be included before the image data lab*tch are encoded, compare section

5.3.2 and 5.3.3. If the image data are already encoded in lab*olv;,¢ then at first a decoding to lab*tch is necessary to
make the intended changes and then to encode again to lab*olvsg.

It is a large advantage of this Technical Report that methods for simple and effective visual changes are defined
using effective relative device coordinates similar to the Natural Colour System NCS. Such simple changes seem
not possible if only lab*olv = rgb* coordinates or other rgb coordinates of SRGB or Adobe RGB (1998) are used.
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Figure 8: From relative CIELAB data lab*tch via lab*Ich to adapted CIELAB data LCH*,

Fig.8 shows the transfer from the Natural Colour Connections Space (NCCS) with relative CIELAB data lab*tch via
the relative CIELAB data lab*Ich to the adapted CIELAB data LCH*, for a constant hue h*.

One must realize for the relative reproduction of this Technical Report that in the CIELAB space and the hue plane O
—W — N the radial chroma C*,, , and the lightness L*, is different for input (O,) and output (O,). The intention and a
large advantage is the equal relative spacing of the 16 steps for both input and output.

There are possibilities to increase (or decrease) the chromaticness, compare Fig. 7. The chromaticness increase will
not maintain the spacing but make the grass and the sky more chromatic. This may produce a more pleasant picture
If for both the input and output device the CIELAB data LAB* of the eight colours CMYOLVNW are known then not
only a relative reproduction in lab* but also an absolute reproduction in LAB* is possible and may be useful. The
methods of this Technical Report allow to design appropriate rendering methods which produce this “softproof”
within the common colour gamut of both the input and the output device. But in this case the colours outside the
comment colour gamut are clipped and some information is lost.

7.2 Equivalent colorimetric data based on RLAB lab* (2005)

Equivalent colorimetric data have an exact and simple relationship to the same standard CIELAB data LAB*. For the
same colour stimuli the adapted CIELAB data LAB*, and LCH*, are equivalent colorimetric data. For the same
colour stimuli the relative CIELAB data lab*tab = tab*, lab*tch = tch*, lab*lab = lab*, lab*Ich = Ich*, lab*nch = nch*,
lab*nce = nce* are equivalent colorimetric data.

Table 6: Equivalent colorimetric data which belong to the same colour stimuli

5 stepsof grey series Colour space, colour space coordinates and PostScript oper ator
black - white (N - W) calculations according to | SO/IEC 15775:1999-12

Linear mixture between L* CIE|CMYN (CMYK) |CMYN (CMYK) |OLV (RGB)
black and white w* = [* | 000n* cmyO* WWW*

in CIELAB colour space setgray | setcmykcolor setcmykcolor setrgbcolor
1,00 N + 0,00 W (black N) 0,00 | 0,00 0,00 0,00 1,00/ 1,00 1,00 1,00 0,00/ 0,00 0,00 0,00
0,75N +0,25W 0,25 | 0,00 0,00 0,00 0,75/0,75 0,75 0,75 0,00/0,25 0,25 0,25
0,50 N + 0,50 W 0,50 | 0,00 0,00 0,00 0,50|0,50 0,50 0,50 0,00/0,50 0,50 0,50
025N +0,75W 0,75 | 0,00 0,00 0,00 0,25/0,25 0,25 0,25 0,00/ 0,75 0,75 0,75

0,00 N + 1,00 W (white W) 1,00 |0,00 0,00 0,00 0,00(0,00 0,00 0,00 0,00|1,00 1,00 1,00
LE420-1, colorimetric relationship of w*, 000n*, cmy0*, www* for a5 step scale: black — white

5 steps of colour series Colour space, colour space coordinates and PostScript oper ator
black - white (N - W) calculations according to 1 SO/IEC 15775:1999-12

Linear mixture between CIELAB adapted CIELAB relative CIELAB relative
black and white LAB*a (adapted) lab*tch = tch* lab*ncE = ncE*
in CIELAB colour space LAB*a setcolor tch* setcolor ncE* setcolor
1,00 N + 0,00 W (black N) 18.01 0.00 0.00 0,00 0,00 - 1,00 000 -
0,75N +0,25 W 37.35 0.00 0.00 025 000 - 0,75 0,00 -
0,50 N + 0,50 W 56.70 0.00 0.00 050 0,00 - 050 0,00 -
025N +0,75W 76.05 0.00 0.00 0,75 0,00 - 025 0,00 -
0,00 N + 1,00 W (white W) 9541 0.00 0.00 1,00 000 - 000 0,00 -

LE420-7, colorimetric relationship of LAB*a, tch*, ncE* for a5 step scale: black — white
Table 6 shows equivalent colorimetric data which belong to the same colour stimuli. A device system may produce
the same output, if the PS operators w* setgray, 000n* setcmykcolor, cmyn* setcmykcolor, and www*setrgbcolor are
used or not.
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Figure 9: ISO/IEC-test chart for output of colour stimuli with equivalent colorimetric data.
Fig. 9 shows an ISO/IEC test chart for output of colour stimuli with equivalent colorimetric data. Different PS
operators are used for output.

The colorimetric relationship between the different standard and relative CIELAB data LAB* and LCH*, lab*tch and
lab*olv and others raise the question if it is possible to produce the same output for all the different equivalent
coordinates which belong to the same colour stimuli.

In colour image encoding technology there is a similar intention: the same output shall be produced if the encoding
is done by rgb data of either RLAB lab* (2005) of this Technical Report, SRGB or Adobe RGB (1998).

The intention of equal output for both equivalent colours and for different colour image encoding shall lead to test
methods, which test the compatibility. The above ISO/IEC-test chart is one possibility.

Table 6 shows four different colorimetric colour coordinates of a five step grey scale. The coordinates of the 5 step
grey scale can be described by at least 4 different simple coordinates. Some printers show the same output and
others show between 2 and 4 different grey scales. In some cases the output on the displays is different and the
output on printers is the same and vice versa.
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input data used: Output equal for all

device dependent colorimetric data la?

colorimetric data la If YESthen
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LAB*/CMYOLVNW NO compatibility
|

input data used:
device dependent
colorimetric datalla
olv*, cmyQ*, 000n*,

application
program creates
PS/PDF file;
Output / download
of PS/PDF fileto

Output equal for all
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LAB*/CMYOLVNW compatibility class la
input data used: 1 Output equal for all
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LE440-7, Test of the compatibility class of application program which creates PDF/PS files and/or download to printer

Figure 10: Test of compatibility class for application program which creates PDF/PS files

Fig. 10 shows the test for the compatibility class of an application program which creates PDF/PS files or for the
download of PDF/PS files to a printer or display system. There are many application programs which produce the
compatibility class I, for example the PDF/PS Reader and Output software GostScript / GostView which is in the
internet freely available for the computer operating systems Windows, Mac, and Unix.

For the software default settings the present software versions of Adobe Acrobat, Adobe Reader, Adobe Photoshop,
Adobe lllustrator show NO compatibility. However, for the different colorimetric coordinates there seem to be some
solutions after a change of the present default settings. Older versions for example Adobe Photoshop 3.5 on Unix
and Adobe Display PostScript and Display PostScript on Silicon Graphics, Mac OS X Server (Software Yap) and
Compac Open VMS (software Decwrite) show the compatibility to class I.

According to this Technical Report the three values 0.5 of either cmyO* or olv* and the one value n*=w*=0.5 of 000n*
and w* shall produce

1. the same grey colour
2. a grey colour which is visually in the middle between black and white

If at least the first property is true then the application program agrees to compatibility class I. If NOT there is NO
compatibility.

Table 7: Colorimetric colour coordinates for a five step scale between white and cyan blue

5 steps of colour series Colour space, colour space coordinates and PostScript oper ator
cyan blue - white (C - W) calculations according to | SO/IEC 15775:1999-12

Linear mixture between CIELAB absolute CIELAB relative CIELAB relative
cyan blue and white LAB*LAB = LAB* |al* cmy0 = cmyO* lab*olv = olv*

in CIELAB colour space LAB* setcolor cmyO* setcmykcolor | olv* setrgbcolor
1,00 C + 0,00 W (cyan blue C) | 58.62 -30.62 -42.74 |1,00 0,00 0,00 0,00 |0,00 1,00 1,00
0,75C+0,25W 67.82 -23.21 -30.86 |0,75 0,00 0,00 0,00 |0,25 1,00 1,00
0,50 C+0,50W 77.02 -15.80 -18.98 |0,50 0,00 0,00 0,00 |0,50 1,00 1,00
0,25C+0,75W 86.21 -839 -7.11 |0,25 0,00 0,00 0,00 |0,75 1,00 1,00

0,00C+1,00W (whiteW) |9541 -0.98 4.76 |0,00 0,00 0,00 0,00 |1,00 1,00 1,00
LE421-1, colorimetric relationship of LAB*a, cmy0*, olv* for a5 step scale: cyan blue — white

Table 7 shows the colorimetric colour coordinates for a five step scale between white and cyan blue. If all the
coordinates are used in one PDF file and the output of the three colour series is the same, then this is an indication
for compatibility class Il. For an example test file which uses the LAB* data see the URL (200 kByte)

http://www.ps.bam.de/DE92/

The MTL code version 2.0 of ISO/IEC TR 19797 shows the compatibility class Il and the next version 3.0 of the MTL
code is intended to show the compatibility class IIl.
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Figure 11: Test chart with image data (cmy0*, olv*, 000n*, w*) for the compatibility class | test

Fig. 11 shows a test chart with the colour coordinates (cmy0*, olv*, 000n*, w*) for the compatibility class | test. The
outer squares are defined by the coordinates cmyO* and the inner squares by the coordinates olv* (using the 1
minus relation). It depends on the PDF Reader, the PDF Viewer or the PDF/PS printer if the output is equal
(compatibility class I) or not.

The version 2 of the MTL code used in ISO/IEC TR 19797 allows to use additionally the LAB* (CIELAB) data for the
production of the same output which is the property of class Il. The version 3 of the MTL code will allow that the user
may take a triple of data out of the many colorimetric data lab*, Ich* tab*, tch* trj*, tce*, nce*. The PDF files will for
any triple of data lead to the same output (compatibility to class IlI).

The question if a grey colour with the three values 0.5 of the colorimetric coordinates olv* is visually in the middle
between black and white is not answered by the test of Fig. 11. But after linearization of the 16 step output according
to ISO/IEC TR 19797 this additional goal will be reached.

7.3 Device dependent colorimetric data and ambient flare based on RLAB lab* (2005)

Device dependent ambient flare is ambient light, reflected from an imaging device system, that has not been
modulated by the means used to produce the image, compare also CIE Publication 122. Ambient flare lightens all
colours, for example on a projection screen or on a monitor and reduces the lightness and luminance contrast, see
also Annex A with colorimetric data for eight different lightness and luminance contrast ratios

The standard lightness contrast between medium white and medium black is ¢ .= 5.29 (=L*, : L*y = 95.41: 18.01).
The corresponding luminance contrast value is ¢y = 35.29 (=L*, : L*y = 88.59 : 2.51). In ISO 22018-1, the ambient
flare is called veiling glare.

Ambient flare shall be always included in the measurement data. If a telespectroradiometer is used at the position of
the observer then the ambient flare is included in the measurement data of a monitor or a projection screen. In
offices the above standard luminance contrast value cy = 35.29 is only in rare cases less compared to this value.

The standard luminance contrast ¢y, = 379 of ICC colour management for graphic arts applications is not
recommended because it produces may problems if applied to office applications.
The ambient flare changes the standard CIELAB data LAB*, of monitors and of projected colors to a high degree.

Colour differences of up to 20 CIELAB for monitors and up 60 CIELAB for projected colours may occur. In a worse
case the lightness range and chroma range of projected images shrinks to 1/3 (for L*\ = 70) and then the colour

gamut may decrease to 1/9. In the next figure for the right (a worse) case (L*\ = 52) is selected.
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Grey sample difference = AL*=6.36 Luminance contrast Yi / Yn > 999.0 Luminance contrast Yi / Yn = 35.56 Grey sample difference = AL*=2.89 Luminance contrast Y / Yn = 4.44
Ligthnessrange L*w - L*n=95.41- 0.0 = 95.41 - 18.01=77.4 Ligthnessrange L*w - L*n = 95.41 - 52.02 = 43.39

Chromarange C*o+ C*c=100.41 + 48.1 = 148.5 i 46.32=133.6 Chromarange C*o + C*c =49.7 + 34.76 = 84.47

Relative colour gamut grel=[95.41 * 148,5] / [95.41 * 148,5]= 1.0 Relative colour gamut grel=[77.4* 133.6] /[95.41 * 148.5]=0.73 Relative colour gamut grel=[43.39 * 84.47] / [95.41 * 148,5]= 0.26

BE391-1, TLS00 in hue plane C-O of LAB* BE391-4, TRS18in hue plane C- O of LAB* BE391-7, TLS52 in hue plane C-O of LAB*

Figure 12: Change of chroma and lightness for projected colours by the ambient light

Fig. 12 shows the change of chroma and lightness for projected colours by the ambient light. The colour gamut
decreases between the dark room condition (left) to the standard condition (L*y = 18, middle) by a factor 0.79 and to
the condition (L*y = 52, right) by a factor 0.26.

The intention of this Technical Report is to produce visually equally space 16 step colour series for the different
ambient light conditions.

AE*=9.41

AE*=16.35

AE*=19.06
Crab

ME331-4, Colour management of hues O-C; TV33 <-> PR18

AE*=19.06
Crab

ME330-4, Colour management of hues O-C; TV00 <-> PR18

C*ab

ME321-4, Colour management of hues O-C; TV18 <-> PR18

Figure 13: Rendering between input spaces TLS00,TLS18, TLS33 and output space ORS18

Fig. 13 shows the colorimetric rendering of this Technical Report between three input spaces of television TLS00,
TLS18, TLS33 in three ambient light conditions and the offset printing output space ORS18.

It is an advantage of this Technical Report that there is a well defined and effective colorimetric solution for every
viewing condition. The result can be studied visually, see for example the test file
http://www.ps.bam.de/ME15/10L/L15E00FP.PDF

This test chart with 16 pages is intended to produce 16 step grey scales for luminous colours on projection screens
with eight different ambient flare. The luminance contrast changes between larger 200:1 and 2;1 between white and
black.

8. RLAB lab* (2005) color image encoding and ICC colour management

This section is not completed at the moment and open for discussion.
NOTE Annex F include tables with the connection between the relative CIELAB data lab*olv and the intended
adapted CIELAB data LAB*, for a 5x5x5, 8x8x8, and 16x16x16 olv-cube. The data shall be used to produce the
ICC lookup tables olv* — LAB*,
For compliance with this specification the use of the RLAB lab* (2005) color image encoding shall be specified by
using the RLAB lab* (2005) ICC profile.
Many image file formats include means to indicate the method used for encoding an image. The RLAB lab* (2005)
ICC profile, specified in section 8 and Annex F, shall be used to indicate the use of the RLAB lab* (2005) color image
encoding.
For this purpose, the RLAB lab* (2005) ICC profile shall be embedded in PDF, PICT, EPS, TIFF, JFIF, JPEG, and GIF
files. ICC.1:2004-10 specifies how to embed ICC profiles in PICT, EPS, TIFF, JFIF (and JPEG) and GIF files.

The PDF Reference, version 1.3 or later, specifies how to use ICCBased Color Spaces to embed ICC profiles. In
addition, when the Output Intent of a PDF file is the RLAB lab* (2005) color image encoding, the
OutputConditionldentifier shall be RLAB lab* (2005) including spaces and parentheses.

CalRGB Color Spaces should not be used for RLAB lab* (2005) color image encodings in PDF files, as CalRGB
cannot store a name for the color image encoding
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Annex A:
Tables with different CIE data of standard devices
In this Annex A for the standard colours CMYOLVNW the standard CIELAB data, the standard CIEXYZ data, and the
CIE chromaticity (x, y) data are given for eight standard devices:
1. Television Luminous System TLSxx (xx=00, 06, 11, 18, 27,38, 52, 70) with TLS18 = TRS18
2. Offset Luminous System OLSxx (xx=00, 06, 11, 18, 27,38, 52, 70) with OLS18 = ORS18
The eight colours CMYOLVNW appear on the different devices in different viewing situations.
The data of the system Television Reflective System TRS18 and of the Television Luminous System TLS18 are

identical. The data of the system Offset Reflective System ORS18 and of the Offset Luminous System OLS18 are
identical.

In application colour management software needs a solution for the colorimetric transfer from TLS18 to ORS18 and
vice versa. In this Technical Report in any case the standard CIELAB data of one device system are transferred to
the standard CIELAB data of the other device system. The standard CIELAB data LAB* are in any case different but
the relative CIELAB data lab* are equal.

According to the figures in 3.18 the colorimetric gamut between input and output may change by a factor 9.
Therefore a reproduction with the same standard CIELAB data in input and output is usually not appropriate. The
reproduction intent of this Technical Report maintains the standard CIELAB hue, the standard CIELAB relative
chroma and lightness, compare section 4.3.

The Offset Reflective and Luminous Systems have standard CIELAB data a*\ #0, a*y # 0, b*\ # 0, b*,, #0. The
white paper and the printed black is visually accepted as achromatic. Therefore it is appropriate to transfer all
standard CIELAB data to a*\ = a*,, = b*\ = b*, = 0 for white and black and all grey colours on a line between black
and white in the standard CIELAB space.

The following four equations transform all the standard CIELAB data L*, a*, b* which are located on a straight line
between N and W in the standard CIELAB space to the achromatic axis (a*=b*=0) in the adapted 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*g = a*—a*y— (a*y—a*) I (a*y and a*\ are CIELAB a*-chroma of White W and Black N)
b*, = b* — b*y — (b*y — b*\) I* (b*y and b*\ are CIELAB b*-chroma of White W and Black N)

The chroma adaptation equations and the following inverse equations
= (L= L) / (Lwa — Lna) (L* = L*na Lw = LAwa)
L* = L*,
a* = a%, + afy + (@t — aty) I*
b* = b*, + by + (b*y — b¥y) *
are used for the transform of the achromatic colours in the ISO/IEC-test charts.

The chroma adaptation equations are used to extrapolate the standard CIELAB data for the achromatic colours
Black NO and White W1 in Table 1 and for the transfer of the chroma adapted colour data of Table 2 which are used
to calculate the standard 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.

NOTE Up to now the CIE has defined equations for chromatic adaptation based on chromaticity (x, y) which allow to
transfer only one colour from the device chromaticity to the chromaticity of D65. This colour is usually white but in
application the chromaticity of both is different from the chromaticity of D65 and therefore the above “chroma
adaptation equations” are an appropriate solution.
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(CIELAB according M 59.01 89.33 -19.43 91.42 53.43 27.04 482 04265 02158  0.3052
to | SO/IEC 15775) OR) 5276 7163 49.88 87.29 37.9 20.83 441 06003 03299  0.2351
Y 92.74 -20.03 84.97 87.3 68.68 82.37 14.66 04144 04971 09298
L(G) 840 -78.99 73.94 108.2 3317 64.07 13.0 03009 05812 07231
N 18.01 00 0.0 0.01 24 252 2.74 03127 0329 00284
w 95.41 0.0 0.0 0.01 84.21 88.59 96.48 03127 0329 1.0
NO 0.01 00 0.0 0.01 00 0.0 0.0 03127 0329 00
w1 100.0 0.0 0.0 0.01 95.05 100.0 108.9 03127 0329  1.1288
Calculated colorimetric data: Television Luminous Systeme (TL Sxx) for CIE lightness L *=xx=00, 06, 11, 18 of black
System TL S00 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3 * =L AB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Display reflection c 86.88 -46.15 -1354 4811 47.68 (=47.68+0.0)  69.76 (=69.76+0.0) 94.74(=94.74+0.0) 02247 03288  0.7874
Yr=0.0) V(@B) 2572 31.45 -44.28 54.32 717 (=7.17+00)  4.65(=4.65+00)  21.37 (=21.37+0.0) 02161 01402  0.0525
M 57.31 94.35 -20.68 96.59 5253 (=5253+0.0) 2524 (=2524+0.0) 43.31(=4331+0.0) 04339 02084  0.2849
OR) 505 76.91 64.55 100.41 3654 (=36.54+0.0) 18.84 (=18.84+0.0)  1.71(=1.71+00) 064 033 0.2127
Y 92.66 -20.68 90.75 93.08 68.22 (=68.22+0.0) 8219 (=82.19+0.0) 1227 (=12.27+0.0) 04194 05052  0.9278
L(G) 8362 -82.74 79.9 115.03 3168 (=31.68+0.0)  63.35(=63.35+0.0) 1055 (=10.55+0.0) 0.3 0.6 0.715
N 0.0 0.0 0.0 0.0 0.0 (=0.0+0.0) 0.0 (=0.0+0.0) 0.0 (=0.0+0.0) 02789 02934 00
w 95.41 0.0 0.0 0.0 8421 (=84.21+0.0) 8859 (=88.59+0.0) 96.48 (=96.48+0.0) 03127 0329 10
NO 0.0 0.0 0.0 0.0 —245(=—2.45+0.0) -258(=—2.58+0.0) -2.81(=-2.81+00) 03127 0329  -0.0292
w1 100.13 0.0 0.0 0.0 95.37 (=95.37+0.0)  100.33 (=100.33+0.0) 109.26 (=109.26+0.0) 0.3127 0329  1.1325
System TL S06 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3 * =L AB*, X=XYZ1 Y=XYZ5 Z=XYZ3 X y Y/88.59
(Display reflection C 86.94 -45.72 -13.43 47.66 47.94(=47.34+0.6)  69.89 (=69.26+0.63) 94.75(=94.06+0.69) 0.2255 0.3288  0.7889
Yr=0.63) V(B) 2744 29.31 -42.29 51.46 7.72(=7.12+06)  525(=4.62+0.63) 2191(=21.22+0.69) 02214 01505  0.0593
M 57.74 93.06 -20.36 95.26 52.75(=52.16+0.6)  25.69 (=25.06+0.63) 43.68(=43.0+0.69) 0432 02103  0.2899
O(R) 5108 75.54 59.69 96.28 36.88(=36.28+0.6) 19.34 (=18.71+0.63) 239 (=1.7+0.69) 06293 0.33 0.2183
Y 92.68 -2051 89.24 91.57 68.34 (=67.74+0.6) 8224 (=81.61+0.63) 12.87(=12.18+0.69) 04181 05032  0.9283
L) 872 -81.79 78.32 113.25 32.05(=31.45+0.6) 6353 (=629+0.63) 1117 (=10.48+0.69) 0.3003 05951  0.7171
N 5.69 0.0 0.0 0.0 0.6 (=0.0+0.6) 063(=0.0+0.63)  0.69(=0.0+0.69) 03127 0329 00071
w 95.41 0.0 0.0 0.0 84.21 (=83.61+0.6) 8859 (=87.96+0.63) 96.48 (=95.79+0.69) 03127 0329 1.0
NO 0.0 0.0 0.0 0.0 ~1.84(=-2.44+06) -193(=-2.56+0.63) -2.11(=-2.79+0.69) 03127 0329  -0.0218
w1 100.1 0.0 0.0 0.0 95.29 (=94.69+0.6)  100.25 (=99.62+0.63) 109.17 (=108.49+0.69)0.3127 0.329  1.1316
System TLS11 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3  C*=LAB*, X=XYZ1 Y=XYZ5 Z=XYZ3 X y Y/88.59
(Display reflection c 87.01 -45.28 -13.33 47.22 482(=47.0+12)  70.02(=68.76+126) 94.76(=93.39+1.37) 0.2263 03288  0.7904
Yr=1.26) V([B) 2902 27.48 -40.49 48.94 827 (=7.07+12)  585(=450+126) 22.44(=21.07+1.37) 02262 0.16 0.066
M 5817 91.8 -20.04 93.96 5298 (=51.78+1.2) 26.14 (=24.88+1.26) 44.06 (=42.69+1.37) 04301 02122  0.295
OR) 5165 742 55.83 92.86 37.22(=36.02+1.2) 19.84(=1858+1.26) 3.06(=1.69+1.37) 06191 03299  0.2239
Y 2.7 -20.35 87.77 1 68.45 (=67.25+1.2) 82.28 (=81.02+1.26) 13.47 (=12.09+1.37) 04169 05011  0.9288
L(G) 8381 -80.85 76.81 11152 3243(=31.23+1.2) 63.71(=6245+1.26) 11.78(=10.4+137) 03005 05904  0.7191
N 10.99 0.0 0.0 0.0 1.2 (=0.0+1.2) 1.26(=00+1.26) ~ 137(=00+137) 03127 0329 00142
w 95.41 00 0.0 0.0 84.21(=8301+1.2) 8859 (=87.33+1.26) 96.48(=95.11+1.37) 03127 0329 10
NO 0.0 0.0 0.0 0.0 ~1.22(=-2.42+412) -129(=-255+1.26) -14(=-2.77+1.37) 03127 0329  -0.0145
wi 100.06 00 0.0 0.0 0521 (=94.01+1.2)  100.17 (=98.91+1.26) 109.08 (=107.71+1.37)0.3127 0329  1.1306
System TLS18 Color  L*=LAB*;  a*=LAB*z  b*=LAB*3  C*-=LAB* X=XYZ1 Y=XYZ Z=XYZ3 x Y/88.59
(Display reflection c 87.14 —44.42 -13.12 4633 48.72 (=46.32+2.4)  70.29 (=67.77+2.52) 94.79 (=92.04+2.74) 02279 03288  0.7934
Yr=252) V() 319 24.46 -37.38 44,68 036 (=697+24)  7.04(=452+252) 2351 (=20.76+2.74) 02346 01764  0.0795
M 59.01 89.33 -19.43 91.42 5343 (=51.03+2.4) 27.04 (=2452+2.52) 4482 (=42.07+2.74) 04265 02158  0.3052
OR) 5276 71.63 49.88 87.29 37.9(=355+24)  20.83(=18.31+252) 4.41(=1.66+2.74) 06003 03299  0.2351
Y 92.74 -20.03 84.97 87.3 68.68 (=66.28+2.4) 82.37 (=79.85+2.52) 14.66(=11.92+2.74) 04144 04971  0.9298
L(G) 840 -78.99 73.94 108.2 3317 (=30.78+2.4)  64.07 (=61.55+2.52) 13.0(=10.25+2.74) 03009 05812  0.7231
N 18.01 0.0 0.0 0.0 2.4 (=0.0+2.4) 252(=0.0+252)  2.74(=00+2.74) 03127 0329 00284
w 95.41 0.0 0.0 0.0 8421 (=81.81+2.4)  88.59 (=86.07+2.52) 96.48(=93.73+2.74) 03127 0329 10
NO 0.01 0.0 0.0 0.0 00(=-2.38+2.4)  00(=-251+252)  0.0(=-2.73+2.74) 03037 03196 0.0
w1 100.0 0.0 0.0 0.0 95.05(=92.65+2.4)  100.0 (=97.48+2.52) 108.9 (=106.16+2.74) 03127 0329  1.1288

&l

L E490-7N, Colorimetric data of Television Reflective System TRS18 and of Television Luminous Systems TL S00/06/11/18
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BAM -test chart no. LE49; colorimetric coordinates )
TRS18 and Television Luminous Systems TLS=00, 06, 11, 18  output: no change compared to input
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N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)
Colorimetric data of " Standard Original": Television Reflective System TRS18 for CIE lightness L*=18 of black
System TRS18 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3  C*ap=LAB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Reflective CIE, YN=252  C 87.14 -44.42 -13.12 4633 4872 70.29 94.79 02279 03288 07934
and CIELAB ceropoint)  V(B) 319 24.46 -37.38 4468 9.36 7.04 2351 02346 01764 00795
(CIELAB according M 59.01 89.33 -19.43 91.42 5343 27.04 4482 04265 02158  0.3052
to 1SO/IEC 15775) O(R) 5276 71.63 49.88 87.29 37.9 20.83 441 06003 03299 02351
Y 92.74 -20.03 84.97 87.3 68.68 82.37 14.66 04144 04971 09298
LG 840 -78.99 73.94 1082 3317 64.07 130 03009 05812 07231
N 18.01 00 0.0 0.01 24 252 2.74 03127 0329 00284
w 95.41 00 0.0 0.01 84.21 88.59 96.48 03127 0329 10
NO 0.01 00 0.0 0.01 00 0.0 0.0 03127 0329 00
w1 100.0 00 0.0 0.01 95.05 100.0 108.9 03127 0329 11288
Calculated colorimetric data: Television Luminous Systeme (TL Sxx) for CIE lightness L *=xx=27, 33, 52, 70 of black
System TL S27 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3 * =L AB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Display reflection c 87.4 -42.72 -127 2458 49.76 (=44.96+4.79) 70.83 (=65.79+504) 94.84(=89.35+549) 0231 03288  0.7995
Y r=5.04) V(@B) 368 2012 -32.47 382 1156 (=6.76+4.79) 943 (=4.39+5.04) 25.64 (=20.16+5.49) 0.2478 02022  0.1064
M 60.64 84.61 -18.27 86.56 5433 (=49.54+4.79) 28.84(=23.8+504) 4633 (=40.84+549) 04195 02227  0.3255
O(R) 5488 66.84 4169 78.78 39.25(=34.46+479) 22.81(=17.77+5.04) 7.1(=162+549) 05675 03298  0.2575
Y 92.82 -19.39 79.81 8213 69.13 (=64.34+4.79) 82.56 (=77.52+5.04) 17.06 (=11.57+5.49) 04097 04892  0.9319
L(G) 8437 ~75.39 68.76 102.04 34.67(=29.88+4.79) 64.78(=59.74+5.04) 1544 (=9.95+549) 03017 05639 0.7313
N 26.85 00 0.0 0.0 479(=0.0+4.79) 504 (=0.0+504)  549(=0.0+549) 03127 0329  0.0569
w 95.41 00 0.0 0.0 84.21 (=79.42+4.79) 8859 (=83.55+5.04) 96.48(=90.99+549) 03127 0329 10
NO 18.34 00 0.0 0.0 247 (=-2.31+479) 259 (=—2.44+504) 2.83(=-2.65+5.49) 03127 0329  0.0293
w1 99.87 00 0.0 0.0 94.73(=89.94+4.79) 99.67 (=94.63+5.04) 108.54 (=103.05+549)0.3127 0329 1125
System TL S38 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3 * =L AB*, X=XYZ1 Y=XYZ5 Z=XYZ3 X y Y/88.59
(Display reflection c 87.92 -39.42 -11.87 41.19 51.83 (=42.25+9.58) 719 (=61.82+10.08) 94.94 (=83.96+10.98) 0.237 03288  0.8116
Yr=10.08) V(B) 4452 14.84 -25.65 29.64 15.94 (=6.36+9.58) 14.2(=4.12+10.08) 29.92 (=18.94+10.98) 0.2654 0.2365  0.1603
M 63.71 75.92 -16.19 77.63 56,13 (=46.55+9.58) 32.45 (=22.37+10.08) 49.36 (=38.38+10.98) 0407 02352  0.3662
O(R) 5877 58.45 31.73 66.5 4197 (=32.38+9.58) 26.78 (=16.7+10.08) 1249 (=1.52+10.98) 05166 03296  0.3023
Y 92.98 -18.11 70.81 73.00 70.04 (=60.46+9.58) 82.92 (=72.84+10.08) 21.85 (=10.87+10.98) 04007 04743  0.936
L(G) 8511 -68.58 60.02 91.14 37.66 (=28.08+9.58) 66.22 (=56.14+10.08) 20.33 (=9.35+10.98) 0.3032 05331  0.7475
N 37.99 00 0.0 0.0 058(=0.0+9.58) ~ 10.08(=0.0+10.08) ~ 10.98(=0.0+10.98) 03127 0329  0.1138
w 95.41 00 0.0 0.0 84.21 (=74.63+9.58) 88.59 (=78.51+10.08) 96.48 (=855+10.98) 03127 0329 10
NO 3353 00 0.0 0.0 74(=-2.17+958)  7.78(=-2.29+10.08) 8.47 (=—2.49+10.98) 0.3127 0329  0.0878
wi 99.61 00 0.0 0.0 041 (=8452+958) 99.0 (=88.92+10.08) 107.81 (=96.83+10.98)0.3127 0329 11174
System TL S52 Color  L*=LAB*; a*=LAB*z  b*=LAB*3  C*=LAB* X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Display reflection c 88.94 -33.19 -10.24 34.75 55.99 (=36.83+19.16) 74.04 (=53.88+20.16) 95.13 (=73.18+21.95) 0.2487 0.3288  0.8358
Yr=20.16) V([B) 5584 9.42 -175 19.88 24.7 (=554+19.16) = 23.75(=3.50+20.16) 38.46 (=16.51+21.95) 02842 02733  0.2681
M 69.22 60.95 -12.72 62.27 59.74 (=40.58+19.16) 39.65 (=19.49+20.16) 55.41 (=33.45+21.95) 0.3859 02562  0.4476
O(R) 6553 45.06 20.98 2971 4739 (=28.23+19.16) 34.72 (=14.56+20.16) 23.28 (=1.32+21.95) 0.4497 03294  0.3919
Y 933 -15.61 56.27 58.4 71.86 (=52.7+19.16) 83.65 (=63.49+20.16) 31.43 (=9.48+21.95) 0.3844 04475 09442
L(G) 8655 -56.31 4652 73.05 43.63 (=24.47+19.16) 69.09 (=48.93+20.16) 30.11 (=8.15+21.95) 0.3055 04837  0.7799
N 52.02 00 0.0 0.0 19.16 (=0.0+19.16) ~ 20.16 (=0.0+20.16) ~ 21.95(=0.0+21.95) 0.3127 0329  0.2276
w 95.41 00 0.0 0.0 84.21 (=65.05+19.16) 88.59 (=68.43+20.16) 96.48 (=74.52+21.95) 0.3127 0329 10
NO 49.69 00 0.0 0.0 17.26 (=—1.89+19.16) 18.16 (=—1.99+20.16) 19.77 (=—2.17+21.95) 0.3127 0329  0.205
wi 99.09 00 0.0 0.0 02.83 (=73.67+19.16) 97.66 (=77.5+20.16) 106.35 (=84.4+21.95) 0.3127 0329  1.1024
System TLS70 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3  C*=LAB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Display reflection c 90.93 -21.96 -7.08 23.09 64.3(=25.98+38.32) 78.33 (=38.01+40.32) 9553 (=51.62+4391) 027 03289  0.8841
Yr=40.32) V(@B) 7146 457 -9.01 1011 4223 (=3.91+38.32) 42.86(=2.54+40.32) 5555 (=11.65+4391) 0.3003 03047  0.4837
M 785 37.52 -758 38.28 66.95 (=28.62+38.32) 54.07 (=13.75+40.32) 67.51 (=23.6+43.91) 0.3551 02868  0.6103
O(R) 7643 26.27 1057 28.31 58.24 (=19.91+38.32) 50.59 (=10.27+40.32) 44.84 (=0.93+43.91) 0379 03292 0571
Y 93.93 -10.77 34.63 36.27 755 (=37.17+38.32) 85.11 (=44.79+40.32) 50.59 (=6.69+43.91) 0.3575 0.403  0.9606
L(G) 8932 -35.81 27.64 4525 55.50 (=17.26+38.32) 74.84 (=34.52+40.32) 49,66 (=5.75+43.91) 03087 04156  0.8447
N 69.7 00 0.0 0.0 38.32(=0.0+38.32) ~ 40.32(=0.0+40.32) = 4391(=0.0+4391) 03127 0329 04551
w 95.41 0.0 0.0 0.0 84.21 (=45.88+38.32) 88.50 (=48.27+40.32) 96.48 (=52.57+43.91) 03127 0329 10
NO 68.68 00 0.0 0.0 36.98 (=—1.33+38.32) 38.91 (=—1.4+40.32) 42.37 (=—153+4391) 03127 0329 04392
wi 98.03 0.0 0.0 0.0 90.29 (=51.96+38.32) 94.99 (=54.67+40.32) 103.44 (=50.54+4391)0.3127 0329 10722
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LE490-—7N, Colorimetric data of Television Reflective System TRS18 and of Television Luminous Systems TL S18/27/38/52/70

B |

BAM -test chart no. LE49; colorimetric coordinates )
TRS18 and Television Luminous Systems TLS=27, 38,52, 70  output: no change compared to input
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-: www.ps.bam.de/L E48/10L/L48EOQ0NP.PS/.PDF; start output -
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

Colorimetric data of " Standard Original" : Offset Reflective System ORS18 for CIE lightness L*=18 of black
System ORS18 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3  C*ap=LAB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Reflective CIE, YN=252 C 58.62 -30.62 -42.74 52.59 18.74 26.62 68.55 0.1645 0.2337 0.3005
and CIELAB cero point) \ 2572 31.45 —-44.35 54.38 717 4.65 21.41 0.2158 0.14 0.0525
(CIELAB according M 48.13 75.2 -6.79 75.51 33.06 16.9 22.01 0.4594 0.2348 0.1907
to | SO/IEC 15775) o 47.94 65.31 52.07 83.53 30.13 16.75 2.68 0.608 0.338 0.189

Y 90.37 -11.15 96.17 96.82 68.07 77.11 9.03 04414 05 0.8703

L 50.9 —62.96 36.71 72.89 8.71 19.18 6.62 0.2523 0.5559 0.2165

N 18.01 05 -0.46 0.69 242 252 281 0.3122 0.3251 0.0284

w 95.41 -0.98 4.76 4.86 83.69 88.59 89.48 0.3197 0.3384 1.0

NO 0.01 0.84 -1.68 1.89 0.02 0.0 0.12 0.1518 0.0078 0.0

w1 100.0 -1.07 5.06 517 94.44 100.0 100.84 0.3198 0.3387 1.1288

System OL S00a

(Display reflection
Yr=0.0)

System OL S06a

(Display reflection
Yr=0.63)

System OL Slla
(Display reflection
Yr=1.26)

System OL S18a
(Display reflection
Yr=2.52)

Color
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NO
wi

L*a=LAB*a1
56.88
16.48
45.36
45.14
90.22
48.45

*o=L AB* a1
57.33
19.26
46.07
4587
90.25
49.08
5.69
95.41
0.0
100.1
L*a=LAB* a1
57.76
21.67
46.77
46,57
90.29
497
10.99
95.41
0.0
100.06
L*a=LAB* a1
58.62
25.72
48.13
47.94
90.37
50.9
18.01
95.41
0.01
100.0

a*a=LAB*a2
-33.11
45.84

81.85

7137

-10.6

*o=L AB* 2
-32.38
40.73

80.12

69.79
-1051
-70.28

a*a=LAB* a2
-31.68

36.81

78.45

68.27
-10.43
-67.6

b*a=LAB*a3
-47.41
-56.22

-9.29

75.54

99.51
42.21

* =L AB* 53

-46.8

-52.47
-9.04

66.99

97.42

40.08

0.0
b*a=LAB*53
-46.19
-49.37

-8.8
59.62
95.45
38.19

C*ar=LAB*or

Xa=XYZa1
16.88 (=16.88+0.0)
4,88 (=4.88+0.0)
31.58 (=31.58+0.0)
2857 (=28.57+0.0)
68.01 (=68.01+0.0)
6.51 (=6.51+0.0)

0.0 (=0.0+0.0)
84.21 (=84.21+0.0)
~2.45 (=-2.45+0.0)
95.37 (295.37+0.0)
Xa=XYZa1
17.36 (=16.76+0.6)
5.44 (=4.84+0.6)
31.96 (=31.36+0.6)
28.96 (=28.36+0.6)
68.13 (=67.53+0.6)
7.06 (=6.47+0.6)
0.6 (=0.0+0.6)
84.21 (=83.61+0.6)
~1.84 (=-2.44+0.6)
95.29 (=94.69+0.6)
Xa=XYZa1
17.84 (=16.64+1.2)
6.01 (=4.81+1.2)
3233 (=31.13+1.2)
29.36 (=28.16+1.2)
68.24 (=67.05+1.2)
7.62 (=6.42+12)
1.2 (=0.0+1.2)
84.21 (=83.01+1.2)
~1.22 (=-2.42+1.2)
95.21 (294.01+1.2)
Xa=XYZa1
18.79 (=16.4+2.4)
7.14 (=4.74+2.4)
33.08 (=30.68+2.4)
30.15 (=27.75+2.4)
68.47 (=66.08+2.4)
8.72 (=6.33+2.4)
2.4 (=0,0+2.4)
84.21 (=81.81+2.4)
0.0 (=-2.38+2.4)
95.05 (=92.65+2.4)

Ya=XYZa2
24.8 (=24.8+0.0)
2.19 (=2.19+0.0)
14.8 (=14.8+0.0)
14.64 (=14.64+0.0)
76.77 (=76.77+0.0)
17.15 (=17.15+0.0)
0.0 (=0.0+0.0)
88,59 (=88.59+0.0)
—2.58 (=—2.58+0.0)

100.33 (=100.33+0.0) 109.28 (=109.28+0.0)

Ya=XYZa2
25.26 (=24.63+0.63)
2.81 (=2.18+0.63)
15.32 (=14.69+0.63)
15.17 (=14.54+0.63)
76.85 (=76.22+0.63)
17.66 (=17.03+0.63)
0.63 (=0.0+0.63)
88.59 (=87.96+0.63)

~1.93(=-2.56+0.63) —-2.11 (=-2.79+0.69)
100.25 (=99.62+0.63) 109.19 (=108.5+0.69)

Ya=XYZa2
25.71 (=24.45+1.26)
3.42 (=2.16+1.26)
15.85 (=14.59+1.26)
15.7 (=14.44+1.26)
76.94 (=75.68+1.26)
18.17 (=16.91+1.26)
1.26 (=0.0+1.26)
88,59 (=87.33+1.26)

Za=XYZa3
70,58 (=70.58+0.0)
19.24 (=19.24+0.0)
20.75 (=20.75+0.0)

0.16 (=0.16+0.0)
7.96 (=7.96+0.0)
4.45 (=4.45+0.0)
0.0 (=0.0+0.0)
96.48 (=96.48+0.0)
~2.81 (=-2.81+0.0)

Za=XYZa3
70.76 (=70.08+0.69)
19.79 (=19.1+0.69)
21.29 (=20.6+0.69)

0.85 (=0.16+0.69)
8.59 (=7.9+0.69)
5.11 (=4.42+0.69)
0.69 (=0.0+0.69)
96.48 (=95.79+0.69)

Za=XYZa3
70.95 (=69.57+1.37)
2034 (=18.97+1.37)
21.82 (=20.45+1.37)

153 (=0.16+1.37)
9.22 (=7.85+1.37)
5.76 (=4.39+1.37)
1.37 (=0.0+1.37)
96.48 (=95.11+1.37)

-1.29 (=-2.55+1.26) —-1.4 (=—2.77+1.37)

100.17 (=98.91+1.26) 109.1 (=107.73+1.37)

Ya=XYZa2
26.62 (=24.1+2.52)
4,65 (=2.13+2.52)
16.9 (=14.38+2.52)
16.75 (=14.23+2.52)
77.11 (=74.59+2.52)
19.18 (=16.66+2.52)
252 (=0.0+2.52)
88.59 (=86.07+2.52)
0.0 (=-2.51+2.52)
100.0 (=97.48+2.52)

Za=XYZa3
71.32 (=68.57+2.74)
21.44 (=18.69+2.74)
22.9 (=20.16+2.74)

2.9 (=0.16+2.74)
10.48 (=7.73+2.74)
7.07 (=4.33+2.74)
2.74 (=0.0+2.74)
96.48 (=93.73+2.74)
0.0 (=-2.73+2.74)

Xa
0.1504
0.1854
0.4705
0.6587
0.4453
0.2316
0.2789
0.3127
0.3127
0.3127
Xa
0.1531
0.1941
0.4661
0.6439
0.4436
0.2368
0.3127
0.3127
0.3128
0.3127
Xa
0.1558
0.2018
0.4619
0.6302
0.442
0.2415
0.3127
0.3127
0.3128
0.3127
Xa
0.161
0.2148
0.4539
0.6054
0.4388
0.2494
0.3127
0.3127
0.2505

108.92 (=106.17+2.74)0.3127

Ya
0.221
0.0834
0.2204
0.3376
0.5026
0.61
0.2934
0.329
0.329
0.329

Ya
0.2228
0.1002
0.2235
0.3373
0.5004
0.5919
0.329
0.329
0.329
0.329

Ya
0.2246
0.115
0.2264
0.3369
0.4983
0.5759
0.329
0.329
0.329
0.329

Ya
0.228
0.14
0.2319
0.3363
0.4941
0.5484
0.329
0.329
0.3105
0.329

Calculated colorimetric data: Offset Luminous Systems OL Sxxa for CIE lightness L*=xx=00, 06, 11, 18 of black, chroma adapted (a)

Y a/88.59
0.28
0.0248
0.167
0.1653
0.8665
0.1936

Y 2/88.59
0.2851
0.0317
0.173
0.1712
0.8675
0.1993
0.0071
10
-0.0218
1.1316
Ya/88.59
0.2902
0.0386
0.1789
0.1772
0.8684
0.2051
0.0142
10
-0.0145
1.1306

Ya/88.59
0.3005
0.0525
0.1907
0.189
0.8703
0.2165
0.0284
10

0.0
1.1288

LE480—7N, Colorimetric data of standard Offset Reflective System ORS18 and of Offset Luminous Systems OL S00/06/11/18a, chroma adapted (&)

B |

&l

BAM-test chart no. L E48; colorimetric coordinates
ORS18 and Offset Luminous Systems OL S00a, 06a, 113, 18a
C M Y [o]

input: cmy0* setcmykcol or )
output: no change compared to input
L \Y

'

Y

Tofed ‘TIPS b/ w04 8yI T

T :unoo afied

SWwiasAs Jojluow Jo Jejulid Jo Jusweinseaw Joj uoiedi(dde

Bl NV &J/

4dd’/Sd'dN00381771/710T/873 1-T060¥00¢ -Uoielis|

\K/J eleyI=opo9 :LRRW NYY

75

XX) BXXS1O pue BgTSHO SWaISAS 18S4J0 40 elep 310 €'V 3|geL

(8T ‘TT ‘90 ‘00

>< Buipoou3 abew| 1n0j0D (S002) xge| gV 1d pue (L10d) ABojouyds abew| InojoD aAeeYy




0L/¢cy

XX) BXXSTL SWISAS snoulwnT 19syO ayl pue BgTSHO WAISAS aA1109)j0Y 19SHO

e) ‘(0L ‘zG ‘sg ‘12

‘(pa1depe
paidepe ay} Joj erep (A *x) Aonewolyd 310 ayi pue ‘erep ZAX31D ay} ‘erep gy 1310 paldepe ay) smoys 'V a|geL

Io

:UOITeWIoJU| [eOIUYoS |

ol ‘T'zuosiA ap weqsd mmm//:dn

T'T=

/8v3 -uepweqsd'MMM//:ﬁnu 3|1} K| IS J0} 355 ﬁ“\

\Y L [e] Y M C
-: www.ps.bam.de/L E48/10L/L48E0INP.PS/.PDF; start output -
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

Colorimetric data of " Standard Original" : Offset Reflective System ORS18 for CIE lightness L*=18 of black
System ORS18 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3  C*ap=LAB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Reflective CIE, YN=252 C 58.62 -30.62 -42.74 52.59 18.74 26.62 68.55 0.1645 0.2337 0.3005
and CIELAB cero point) \ 2572 31.45 —-44.35 54.38 717 4.65 21.41 0.2158 0.14 0.0525
(CIELAB according M 48.13 75.2 -6.79 75.51 33.06 16.9 22.01 0.4594 0.2348 0.1907
to | SO/IEC 15775) o 47.94 65.31 52.07 83.53 30.13 16.75 2.68 0.608 0.338 0.189

Y 90.37 -11.15 96.17 96.82 68.07 77.11 9.03 04414 05 0.8703

L 50.9 —62.96 36.71 72.89 8.71 19.18 6.62 0.2523 0.5559 0.2165

N 18.01 05 -0.46 0.69 242 252 281 0.3122 0.3251 0.0284

w 95.41 -0.98 4.76 4.86 83.69 88.59 89.48 0.3197 0.3384 1.0

NO 0.01 0.84 -1.68 1.89 0.02 0.0 0.12 0.1518 0.0078 0.0

w1 100.0 -1.07 5.06 517 94.44 100.0 100.84 0.3198 0.3387 1.1288

System OL S27a

(Display reflection
Yr=5.04)

System OL S38a
(Display reflection
Yr=10.08)

System OL S52a
(Display reflection
Yr=20.16)

System OL S70a
(Display reflection
Yr=40.32)

Calculated colorimetric data; Offset Luminous Systems OL Sxxa for CIE lightness L*=xx=27, 33, 52, 70 of black, chroma adapted (a)

Color  L*3=LAB*x a*a=LAB*a» b*a=LAB*a3 C*a=LAB*a  Xa=XYZa Ya=XYZa2 Za=XYZa3 Xa

c 60.28 -27.91 -42.75 51.07 2071 (=15.92+4.79) 28.43 (=23.39+5.04) 72.05 (=66.56+5.49) 0.1709
v 32.06 24.02 -37.32 4439 039 (=4.6+4.79)  7.11(=207+504) 23.63(=18.14+549) 0.234
M 50.68 69.5 -757 69.92 3458 (=29.79+4.79) 19.0 (=13.96+5.04)  25.06 (=19.57+5.49) 0.4398
o 50,51 60.17 4013 72.32 31.73(=26.94+4.79) 18.85(=13.81+5.04) 564 (=0.15+549) 05644
Y 90.52 -9.92 852 85.77 68.94 (=64.14+4.79) 77.44(=72.4+504) 130(=751+549) 04325
L 53.18 ~55.04 300 62.69 10.93(=6.14+4.79) 2121 (=16.17+504) 9.69 (=4.2+549)  0.2613
N 26.85 00 0.0 0.0 479(=00+4.79)  504(=0.0+5.04)  549(=0.0+549) 03127
W 95.41 00 0.0 0.0 84.21 (=79.42+4.79) 8859 (=83.55+5.04) 96.48 (=90.99+5.49) 0.3127
NO 18.34 00 0.0 0.0 247 (=-2.31+479) 259 (=—2.44+504) 2.83 (=-2.65+5.49) 0.3127
w1 99.87 00 0.0 0.01 94.73(=89.94+4.79) 99.67 (=94.63+5.04) 108.55 (=103.06+5.49)0.3127
Color *a=LAB*a1 @ a=LAB*a2 0*a=LAB*s3 C*a=LAB*a  Xa=XYZa1 Ya=XYZa2 Za=XYZa3 Xa

c 63.39 -23.83 -38.56 4534 24,54 (=14.96+9.58) 32.06 (=21.98+10.08) 73.53 (=62.55+10.98) 0.1886
v 4126 16.67 -28.49 33.02 13.91(=4.32+9.58)  12.02 (=1.94+10.08) 28.03 (=17.05+10.98) 0.2577
M 55.27 59.74 -6.32 60.07 3757 (=27.99+9.58) 23.19 (=13.11+10.08) 29.36 (=18.39+10.98) 0.4169
o) 55.13 51.42 29.16 59.12 34.9(=25.32+958)  23.06 (=12.98+10.08) 11.12 (=0.14+10.98) 05052
Y 90.83 -9.25 74.37 74.94 69.86 (=60.28+9.58) 78.11 (=68.03+10.08) 18.03 (=7.05+10.98) 0.4208
L 57.35 -43.84 2335 4968 15.35 (=5.77+49.58) 2528 (=15.2+10.08) 14.92 (=3.95+10.98) 0.2763
N 37.99 00 0.0 0.0 958(=0.0+9.58)  10.08(=0.0+10.08) 10.98(=0.0+10.98) 0.3127
w 95.41 00 0.0 0.0 84.21 (=74.63+9.58) 88.59 (=78.51+10.08) 96.48 (=85.5+10.98) 0.3127
NO 3353 00 0.0 0.0 7.4(=-217+958)  7.78(=—2.29+10.08) 8.48 (=—2.49+10.98) 0.3127
w1 99.61 00 0.0 0.01 94.1(=8452+958)  99.0 (=88.92+10.08) 107.82 (=96.85+10.98)0.3127
Color  L*p=LAB*x a*a=LAB*a» b*a=LAB*a3 C*a=LAB*sy  Xa=XYZau Ya=XYZa2 Za=XYZa3 Xa

c 68.98 -17.74 -31.24 35.94 32.2(=13.04+19.16) 39.32 (=19.16+20.16) 76.47 (=54.52+21.95) 0.2176
v 53.87 10.09 -18.84 21.38 2293 (=3.77+19.16) 21.86 (=1.7+20.16)  36.82 (=14.86+21.95) 0.281
M 63.0 44.96 -456 4519 4356 (=24.4+19.16) 3159 (=11.43+20.16) 37.98 (=16.03+21.95) 0.385
o) 62.9 38.38 1855 4263 41.23 (=22.07+19.16) 31.47 (=11.31+20.16) 22.08 (=0.12+21.95) 0.435
Y 91.44 ~7.95 57.91 58.46 71.7 (=52.54+19.16)  79.46 (=59.3+20.16) 28.1(=6.15+21.95) 0.4

L 64.49 -30.06 15.67 33.91 2419 (=5.03+19.16) 33.41 (=13.25+20.16) 25.39 (=3.44+21.95) 0.2915
N 52.02 00 0.0 0.0 19.16 (=0.0+19.16)  20.16 (=0.0+20.16)  21.95(=0.0+21.95)  0.3127
w 95.41 00 00 00 84.21 (=65.05+19.16) 88.59 (=68.43+20.16) 96.48 (=74.52+21.95) 0.3127
NO 49.69 00 0.0 0.0 17.26 (=—1.89+19.16) 18.16 (=—1.99+20.16) 19.77 (=—2.17+21.95) 0.3127
wi 99.09 00 0.0 0.01 02.83 (=73.67+19.16) 97.66 (=77.5+20.16) 106.37 (=84.41+21.95)0.3127
Color  L*a=LAB*x a*a=LAB*a2 b*a=LAB*a3 C*a=LAB*sy  Xa=XYZa Ya=XYZa2 Za=XYZa3 Xa

C 78.37 -9.9 -19.51 21.89 4752(=9.2+38.32)  53.84 (=13.52+40.32) 82.37 (=38.46+43.91) 0.2587
v 70.54 474 -9.47 10.6 40.98 (=2.66+38.32) 4152 (=12+40.32) = 54.39 (=10.48+43.91) 0.2994
M 75.07 25.47 -2.46 25.59 55.53 (=17.21+38.32) 48.38 (=8.06+40.32) 55.21 (=11.3+4391) 0.349
o 75.01 2153 9.07 23.36 53.89 (=15.57+38.32) 48.3 (=7.98+40.32)  44.0 (=0.09+43.91)  0.3686
Y 92.64 545 34.85 35.27 75.38 (=37.06+38.32) 82.15 (=41.83+40.32) 48.25 (=4.34+43.91) 0.3663
L 75.86 -155 7.96 17.44 41.87 (=3.55+38.32) 49.66 (=9.34+40.32) 46.34 (=2.43+4391) 0.3037
N 69.7 00 0.0 0.0 38.32(=0.0+38.32) 40.32(=0.0+40.32) 43.91(=0.0+4391) 03127
w 95.41 00 0.0 0.0 84.21 (=45.88+38.32) 88.50 (=48.27+40.32) 96.48 (=52.57+43.91) 0.3127
NO 68.68 00 0.0 0.0 36.98 (=—1.33+38.32) 38.91 (=—1.4+40.32) 42.37 (=-1.53+43.91) 0.3127
wi 98.03 00 0.0 0.01 90.29 (=51.96+38.32) 94.99 (=54.67+40.32) 103.45 (=59.55+43.91)0.3127

Ya Y 4/88.59
0.2346 0.3209
0.1771 0.0803
0.2416 0.2144
0.3353 0.2128
0.4859 0.8741
0.5071 0.2395
0.329 0.0569
0.329 1.0
0.329 0.0293
0.329 1.125
Ya Y a/88.59
0.2464 0.3619
0.2229 0.1357
0.2573 0.2618
0.3338  0.2603
0.4706 0.8817
0.455 0.2853
0.329 0.1138
0.329 1.0
0.329 0.0878
0.329 1.1174
Ya Y 2/88.59
0.2657 0.4438
0.2678 0.2467
0.2792 0.3566
0.3321 0.3552
0.4433 0.8969
0.4025 0.3771
0.329 0.2276
0.329 10
0.329 0.205
0.329 1.1024
Ya Y 2/88.59
0.293 0.6077
0.3033 0.4686
0.304 0.5461
0.3304 0.5452
0.3992 0.9273
0.3602 0.5606
0.329 0.4551
0.329 1.0
0.329 0.4392
0.329 1.0722

LE480—7N, Colorimetric data of standard Offset Reflective System ORS18 and of Offset Luminous Systems OL S27/38/52/70a, chroma adapted (&)

&l

B
-:|OR318 and Offset Luminous Systems OL S27a, 38a, 523, 70a
C M Y 0]

AM-test chart no. LE48; colorimetric coordinates input: cmy0* setcmykcol or

output: no change compared to input
L \Y
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\Y L [e) Y M C
-: www.ps.bam.de/L E48/10L/L48E02NP.PS/.PDF; start output -
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)
Colorimetric data of " Standard Original" : Offset Reflective System ORS18 for CIE lightness L*=18 of black
System ORS18 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3  C*ap=LAB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Reflective CIE, YN=252  C 58.62 -30.62 -42.74 5259 18.74 26.62 68.55 01645 02337  0.3005
and CIELAB ceropoint)  V 25.72 3145 -44.35 54.33 7.17 465 21.41 02158 0.14 0.0525
(CIELAB according M 4313 752 -6.79 7551 33.06 16.9 22,01 04594 02348 01907
to 1SO/IEC 15775) o) 47.94 65.31 52.07 8353 3013 16.75 2.68 0608 0338 0189
Y 90.37 -11.15 96.17 96.82 68.07 7711 9.03 04414 05 0.8703
L 50.9 -62.96 36.71 72.89 871 19.18 6.62 02523 05559 02165
N 18.01 05 -0.46 0.69 242 252 281 03122 03251  0.0284
w 95.41 -0.98 476 486 83.69 88.59 89.48 03197 03384 10
NO 0.01 0.84 -1.68 1.89 0.02 0.0 0.12 01518 00078 00
w1 100.0 -1.07 5.06 5.17 94.44 100.0 100.84 03198 03387 11288
Calculated colorimetric data: Offset Luminous Systems OL Sxx for CIE lightness L*=xx=00, 06, 11, 18 of black
System OL SO0 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3 * =L AB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Display reflection c 56.88 -33.36 -45.25 56.23 1683 (=16.83+00) 24.8(=24.8+00)  67.97(=67.97+0.0) 01536 02263 0.8
Yr=0.0) v 16.48 4637 -56.79 73.32 492(=4.92+00)  219(=219+0.0)  1954(=1954+00) 0.1846 00823 0.0248
M 4536 81.82 ~7.91 822 3158(=31.58+0.0) 14.8(=14.8+0.0)  20.01(=20.01+0.0) 04757 02229 0167
o) 4514 71.35 76.9 104.9 2856 (=28.56+0.0) 14.64 (=14.64+00)  0.06(=0.06+0.0) 06601 03384  0.1653
Y 90.22 -11.49 103.92 10455 67.61(=67.61+0.0) 76.77 (=76.77+0.0)  6.77 (=6.77+0.0) 04473 05079  0.8665
L 4345 -73.28 38 85.38 6.5 (=6.5+0.0) 17.15(=17.15+00)  415(=4.15+00) 02339 06168 01936
N 0.0 0.85 -168 1.89 0.02 (=0.02+0.0) 0.0 (=0.0+0.0) 012(=012+00) 015 00019 0.0
w 95.41 -0.98 476 486 83.60 (=8369+0.0) 8859 (=83.59+0.0) 89.48(=89.48+00) 03197 03384 10
NO 00 0.85 -1.68 1.89 0.02(=0.02+00) 0.0 (=0.0+0.0) 012(=0.12+00) 0149 0.0 0.0
wi 100.13 -1.07 5.07 5.18 94.75(=94.75+0.0)  100.33 (=100.33+0.0) 101.17 (=101.17+0.0) 0.3198 03387  1.1325
System OL S06 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3 * =L AB*, X=XYZ1 Y=XYZ5 Z=XYZ3 X y Y/88.59
(Display reflection c 57.33 -32.64 -44.61 55.29 17.31(=16.71406) 2526 (=24.63+0.63) 68.12(=67.43+0.69) 01564 02282  0.2851
Yr=0.63) v 19.26 4121 -52.86 67.03 548 (=4.88+0.6)  2.81(=2.18+0.63) 19.99(=19.31+0.69) 01939 00993  0.0317
M 46.07 80.08 —761 80.44 31.05(=31.35+0.6) 15.32 (=14.69+0.63) 2051 (=19.82+0.69) 04713 02261 0173
o) 45.87 69.76 68.41 97.7 28.95(=28.35+0.6) 1517 (=1454+0.63) 0.75(=0.06+0.69) 0.6453 03381 01712
Y 90.25 -11.4 101.84 102.47 67.72(=67.12+0.6)  76.85(=76.22+0.63) 7.33(=6.65+0.69) 04458 05059  0.8675
L 29.08 -70.38 a7 81.81 7.05(=6.46+06)  17.66(=17.03+0.63) 4.77 (=4.08+0.69) 02393 05989  0.1993
N 5.69 0.74 -1.29 15 0.62(=0.02+06)  0.63(=00+0.63)  0.78(=0.09+0.69) 03047 03113  0.0071
w 95.41 -0.98 476 486 83.60 (=83.09+0.6) 8859 (=87.96+0.63) 89.48(=88.8+0.69) 03197 03384 10
NO 00 0.85 -168 1.89 0.02(=-057+0.6)  0.0(=-0.62+0.63)  0.12(=-056+0.69) 0149 0.0 00
wi 100.1 -1.07 5.07 5.18 04,67 (=94.0740.6)  100.25 (=99.62+0.63) 101.09 (=100.41+0.69)0.3198 03387  1.1316
System OL S11 Color  L*=LAB*; a*=LAB*z  b*=LAB*3  C*=LAB* X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Display reflection c 57.76 -31.94 -43.98 54.37 17.79(=1659+12) 2571 (=24.45+1.26) 68.26 (=66.89+1.37) 0.1592 02301  0.2902
Yr=1.26) v 21.67 37.24 -4959 62.03 6.05(=4.85+12)  3.42(=2.16+126) 20.46(=19.08+1.37) 0202 01144  0.0386
M 2677 784 733 78.74 32.32(=31.12+12) 15.85(=1450+126) 21.01(=19.64+137) 04672 02291  0.1789
o 4657 68.22 61.08 91,57 2034(=2815+1.2) 157 (=14.44+126)  14(=0.02+1.37) = 06319 0338 01772
Y 90.29 -11.32 99.86 1005 67.84(=66.64+12) 7694 (=75.68+1.26) 7.9(=653+1.37) 04443 05039  0.8684
L 297 -67.71 39.86 78.58 761(=6.41+12) 1817 (=16.91+1.26) 539 (=4.01+1.37) 02441 0583  0.2051
N 10.99 0.64 -0.93 114 122(=002+12)  126(=00+1.26) ~ 146(=0.09+1.37) 03094 03202 00142
w 95.41 -0.98 476 486 83.60 (=8249+12) 8859 (=87.33+1.26) 89.48(=88.11+1.37) 03197 03384 10
NO 00 0.85 -168 1.89 002(=-117+12)  00(=-1.25+1.26) 012 (=-124+1.37) 0149 0.0 0.0
wi 100.06 -1.07 5.06 5.18 0459 (=934+1.2)  100.17 (=98.91+1.26) 101.01 (=99.64+1.37) 0.3198 03387  1.1306
System OL S18 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3  C*=LAB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Display reflection c 58.62 -30.62 -42.74 52.59 1874 (=16.34+2.4)  26.62(=24.1+252) 6855 (=65.81+2.74) 01645 02337  0.3005
Yr=252) v 2572 3145 -44.35 54.38 717(=478+24)  A465(=213+252) 2141 (=18.66+2.74) 02158 0.14 0.0525
M 4313 75.2 -6.79 7551 33.06(=30.66+2.4) 169 (=14.38+252) 2201 (=19.26+2.74) 04594 02348  0.1907
o 47.94 65.31 52,07 8353 3013 (=27.73+24) 16.75(=14.23+252) 2.68(=-0.05+2.74) 0608 0338 0189
Y 90.37 -11.15 96.17 96.82 68.07 (=65.6742.4)  77.11(=7459+252) 9.03(=6.29+2.74) 04414 05 0.8703
L 50.9 -62.96 36.71 72.89 871(=6.31+24)  19.18(=16.66+252) 6.62(=3.87+2.74) 02523 05559 02165
N 18.01 05 -0.46 0.69 242(=002+24)  252(=00+252) = 281(=007+2.74) 03122 03251  0.0284
W 95.41 -0.98 476 486 83.60 (=81.29+2.4) 8859 (=86.07+2.52) 89.48 (=86.74+2.74) 03197 03384 10
NO 0.01 0.84 -168 1.89 0.02(=—2.36+24)  00(=-251+252) 012 (=—2.61+2.74) 01517 00078 0.0
wi 100.0 -1.07 5.06 5.17 94.44 (=92.04+2.4)  100.0 (=97.48+2.52) 100.84 (=98.1+2.74) 03198 03387 11288

L E480-7N, Colorimetric data of standard Offset Reflective System ORS18 and of Offset Luminous Systems OL S00/06/11/18
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ORS18 and Offset Luminous Systems OLS00, 06, 11, 18
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-: www.ps.bam.de/L E48/10L/L48E03NP.PS/.PDF; start output -
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)
Colorimetric data of " Standard Original" : Offset Reflective System ORS18 for CIE lightness L*=18 of black
System ORS18 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3  C*ap=LAB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Reflective CIE, YN=252  C 58.62 -30.62 -42.74 5259 18.74 26.62 68.55 01645 02337  0.3005
and CIELAB ceropoint)  V 25.72 3145 -44.35 54.33 7.17 465 21.41 02158 0.14 0.0525
(CIELAB according M 4313 752 -6.79 7551 33.06 16.9 22,01 04594 02348 01907
to 1SO/IEC 15775) o) 47.94 65.31 52.07 8353 3013 16.75 2.68 0608 0338 0189
Y 90.37 -11.15 96.17 96.82 68.07 7711 9.03 04414 05 0.8703
L 50.9 -62.96 36.71 72.89 871 19.18 6.62 02523 05559 02165
N 18.01 05 -0.46 0.69 242 252 281 03122 03251  0.0284
w 95.41 -0.98 476 486 83.69 88.59 89.48 03197 03384 10
NO 0.01 0.84 -1.68 1.89 0.02 0.0 0.12 01518 00078 00
w1 100.0 -1.07 5.06 5.17 94.44 100.0 100.84 03198 03387 11288
Calculated colorimetric data: Offset Luminous Systems OL Sxx for CIE lightness L*=xx=27, 33, 52, 70 of black
System OL S27 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3 * =L AB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Display reflection c 60.28 -28.22 -40.36 4927 2064 (=15.85+4.79) 28.43(=23.39+504) 69,13 (=63.64+5.49) 01746 02405  0.3209
Y r=5.04) v 32.06 24.25 -36.84 4412 0.42(=463+479)  7.11(=2.07+504) 23.35(=17.86+549) 02362 01783  0.0803
M 50.68 69.37 -5.83 69.62 3454 (=29.75+4.79) 19.0 (=13.96+5.04) 24.0(=1852+549) 04454 0245 02144
o) 50,51 60.04 4185 7319 317(=2691+4.79) 18.85(=13.81+504) 526 (=—0.22+549) 0568 03378 02128
Y 90,52 -10.82 89.63 90.28 6852 (=63.73+4.79) 77.44(=72.4+504) 1132 (=5.83+549) 04357 04924 08741
L 5318 -55.21 31.9 63.78 1091 (=6.12+479) 21.21(=1617+504) 9.08(=359+549) 02647 05149  0.2395
N 26.85 0.33 013 0.35 482 (=003+4.79) 504 (=0.0+5.04) = 546 (=-0.02+549) 03144 03291  0.0569
w 95.41 -0.98 476 486 83.60 (=78.9+4.79) 8859 (=83.55+5.04) 8948 (=83.99+549) 03197 03384 10
NO 18.34 0.49 -0.44 0.67 249 (=—2.29+479) 259 (=—2.44+504) 289 (=—259+5.49) 03123 03253  0.0293
w1 99.87 -1.07 5.05 5.17 9412 (=89.33+4.79) 99.67 (=94.63+5.04) 10051 (=95.02+5.49) 0.3198 03387 1125
System OL S38 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3 * =L AB*, X=XYZ1 Y=XYZ5 Z=XYZ3 X y Y/88.59
(Display reflection c 63.39 -24.2 -35.96 4336 24.45(=14.87+9.58) 32.06 (=21.98+10.08) 70.31 (=59.33+10.98) 0.1928 02528  0.3619
Yr=10.08) v 41.26 16.72 -27.39 321 1301 (=4.33+9.58)  12.02 (=1.94+10.08) 27.31(=16.33+10.98) 0.2613 0.2258  0.1357
M 55.27 59,52 -4.27 59.68 375(=27.92+958)  23.19 (=13.11+10.08) 27.99 (=17.01+10.98) 04229 02615  0.2618
o) 55.13 51.21 31.2 59.97 34.83 (=25.25+9.58) 23.06 (=12.98+10.08) 10.41 (=—0.56+10.98) 0.51  0.3376  0.2603
Y 90.83 -10.16 78.82 79.47 69.44 (=59.86+9.58) 78.11 (=68.03+10.08) 15.93 (=4.95+10.98) 04248 04778  0.8817
L 57.35 -441 2553 50.96 1531 (=5.73+9.58) 2528 (=15.2+10.08) 13.99 (=3.02+10.98) 0.2805 04631  0.2853
N 37.99 0.12 0.88 0.89 06(=0.01+9.58)  10.08 (=0.0+10.08) 10.67 (=-0.3+10.98) 03162 03322  0.1138
w 95.41 -0.98 476 486 83.69 (=74.11+9.58) 88.59 (=78.51+10.08) 89.48 (=78.5+10.98) 03197 03384 10
NO 3353 02 058 0.61 7.42(=-215+958) 7.78(=-2.29+10.08) 8.3 (=-2.66+10.98) 03156 03311  0.0878
wi 99.61 -1.06 5.03 5.15 0349 (=8391+9.58) 99.0 (=88.92+10.08) 99.84 (=88.87+10.98) 0.3198 03386  1.1174
System OL S52 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3  C*=LAB*, X=XYZ1 Y=XYZ5 Z=XYZ3 X y Y/88.59
(Display reflection c 68.98 -18.22 -28.26 33.64 32,07 (=12.9+19.16) 39.32 (=19.16+20.16) 72.7 (=50.74+21.95) 0.2226 02729 04438
Yr=20.16) v 53.87 99 -16.89 19.58 22.89(=3.73+19.16) 21.86(=1.7+20.16) 3529 (=13.33+21.95) 0.286 02731  0.2467
M 63.0 4459 -1.99 4464 43.43 (=24.27+19.16) 31,59 (=11.43+20.16) 35.94 (=13.98+21.95) 0.3914 02847  0.3566
o 62.9 38.02 2111 43.49 4111 (=21.95+19.16) 31.47 (=11.31+20.16) 20.66 (=-1.28+21.95) 04409 03375  0.3552
Y 91.44 -8.86 624 63.03 71.27 (=52.11+19.16) 79.46 (=59.3+20.16) 2523 (=3.28+21.95) 0405 04516  0.8969
L 64.49 -30.45 1834 35.56 24.1(=4.94+19.16) = 33.41 (=13.25+20.16) 23.78 (=1.82+21.95) 02965 0411 03771
N 52.02 ~0.14 183 183 19.13 (=-0.02+19.16) 20.16 (=0.0+20.16) ~ 20.94 (=-1.0+21.95) 0.3176 0.3347  0.2276
w 95.41 -0.98 476 486 83.60 (=64.53+19.16) 88.59 (=68.43+20.16) 89.48 (=67.53+21.95) 0.3197 03384 1.0
NO 49.69 -01 167 167 17.24 (=—1.91+19.16) 18.16 (=-1.99+20.16) 18.91 (=—-3.03+21.95) 0.3174 03343  0.205
wi 99.09 -1.05 50 5.11 02.23 (=73.07+19.16) 97.66 (=77.5+20.16) 98,51 (=76.56+21.95) 0.3198 03386  1.1024
System OL S70 Color  L*=LAB*;  a*=LAB*;  b*=LAB*3  C*=LAB*, X=XYZ1 Y=XYZ3 Z=XYZ3 X y Y/88.59
(Display reflection c 78.37 -10.56 -159 19.11 47.28(=8.96+38.32) 53.84 (=13.52+40.32) 77.57 (=33.66+4391) 0.2646 03013  0.6077
Yr=40.32) v 70,54 422 -6.39 767 4082 (=2.49+38.32) 4152(=12+40.32) = 51.29(=7.38+4391) 03055 03107  0.4686
M 75.07 24.87 0.92 24.89 55.3 (=16.97+38.32) 48.38 (=8.06+40.32) 51.77 (=7.86+43.91) 0.3557 03112  0.5461
o 75.01 20.93 12.45 24.35 53.66 (=15.33+38.32) 48.3 (=7.98+40.32) 41.05(=-2.85+4391) 03752 03378 05452
Y 92.64 ~6.39 39.42 39.93 74.93(=36.6+38.32) 82.15 (=41.83+40.32) 44,03 (=0.13+43.91) 03726 04085  0.9273
L 75.86 -16.12 114 19.75 4167 (=3.35+38.32) 49.66(=9.34+40.32) 4323 (=—0.67+43.91) 0.3097 03691  0.5606
N 69.7 ~0.49 3.02 3.06 38.17 (=-0.14+38.32) 40.32 (=0.0+40.32)  41.27 (=—2.63+43.91) 0.3187 03367  0.4551
W 95.41 -0.98 476 486 83.60 (=45.36+38.32) 88.50 (=48.27+40.32) 89.48 (=45.57+43.01) 03197 03384 10
NO 68.68 -047 295 2.99 36.84 (=—1.48+38.32) 38.91 (=—1.4+40.32) 39.85(=—4.05+43.91) 0.3187 03366  0.4392
wi 98.03 -1.03 4.93 5.04 89.72 (=51.39+38.32) 94.99 (=54.67+40.32) 95.85 (=51.95+43.91) 0.3198 03386 10722

L E480-7N, Colorimetric data of standard Offset Reflective System ORS18 and of Offset Luminous Systems OL S27/38/52/70
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Relative Colour Image Technology (RCIT) and RLAB lab* (2005) Colour Image Encoding ><

Annex B:
Device dependent relative colorimetric data
The three relative colorimetric data lab*t, lab*a, lab*b (= lab*tab = tab*) or lab*t, lab*c, lab*h (= tab*tch = tch*) have
an exact and simple relationship to the adapted CIELAB data LAB*,. The three relative colorimetric data are defined
as ratio of three adapted CIELAB data L*, C*,, , H*, (LCH*;,) of a colour stimuli and of the appropriate adapted
CIELAB data L*\;5, C*apma H*ma (LCH*y5) Of six maximum (M,) colour stimuli CMYOLV of a device or the linear
mixtures of adjacent colours of the hue circle OYLCVMO.

There are many relative colorimetric data which have an exact and simple relationship to the adapted CIELAB data
LAB*, or the relative CIELAB data lab*.

Table B.1: Definition and change of relative colorimetric data n*, c*, w*, d*, i*, t*, s*, q*, h*, e*

www.ps.bam.de/LE57/10L/L 57EOONP.PS/.PDF; ; start outgut .
@ N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)
n* =0.35 c* =0.30 2:¢c*=0.50 3:c*=0.65
4 W W 1o 2:n* =0.00 W ) 3:n* =0.00 @
2% N2 5 For=030 3 Fc =030 8>
5§ 9 F 9 9 E F. n*=0.35 9 F >=_Fgr=035 =§
Sc |8 8 84 ¢ 8y ¢ 58]
5 3 7 7 M 7 7 72 M 7 7 M Sa
oK 6 5 pe 6 5 6 5 o
3= N o N N N o8
23 gz
LES70-1, Colorimetric blackness n* LES570-2, Colorimetric chromaticness ¢* LES71-1, Colorimetric mixture with black generation LES71-2, Colorimetric mixture without black generation -E §
8 W wr Wr=035 w g d=065 W Lem=030] [y 4, L =030] =&
= 1 L 1 . 1 L1 n*=0.00 1 Ln=000| &9
:g 23 23 1 1:ct=055 T:icr=009| SR
g 9 9 9 Iin =000 | 93fp =000 3h
%8« 8« 8¢ oF 8 39
2% 7 7 M 7 7 M 7 M 7 25
g'ﬂ 65 65 6 6 C*’:C*lIZ 6 C*’:C*Z 3;
2e N N N® o =055 | IN"6 & =009 | By
) — — [3) H
Lm!‘l LE570-3, Colorimetric whiteness w* LES570-4, Colorimetric deepness d* LES571-3, Colorimetric chromaticness c* increase LES571-4, Colorimetric chromaticness c* decrease —g 8
éd w i* =0.65 w t* =0.50 v'Y ’ , Y v é%
@. O L ®
S 9 9 L (6] L (6] Q@
N ) ) T
- 81 - , , ° |, %
ﬁ 7 7 M C §
I C M C M I w
[ 4 ’ 3
N N c , . M s =
V V' he=he+2/36 V'V he=nze) , =
LES70~-5, Colorimetric brilliantness i* LES70-6, Colorimetric triangle lightness t* LES71-5, Colorimetric hue h* increase LES71-6, Colorimetric hue h* decrease F 3
W ¢ S=080| [y g* =0.60 73 J 3 E g
12w e
9 3 9 Ry Gy g §
8 8 G R G R e 4
7 2 M 7 G R o §
NV 62 N , ’ &
B B er=e+236 BB e=e-23
LES570-7, Colorimetric black saturation s* LES570-8, Colorimetric white saturation g* LES71-7, Colorimetric elementary hue e* increase LES571-8, Colorimetric elementary hue e* decrease
BAM-LES57: Colorimetric coordinates in colour triangle for h*=const input: w* setgray + olv*
Definition and change of coordinates n*, c*, w*, d*, I*, t*, s, g*, h*, e output: w* setgray + olv* ;

Table B.1 shows the definition and change of relative colorimetric data n*, c*, w*, d*, i*, t*, s*, g*, h*, e* in the colour
triangle and colour circle. The triangle colours are the colours black N, white W, and the maximum colour M. The
colour F within any triangle is specified to have different relative colour attributes, such as blackness n*,
chromaticness c*, whiteness w*, deepness d*, brilliantness i*, triangle lightness t*, black saturation s*, white
saturation g*, hue h*, elementary hue e*. The elementary hue is defined in relation to the four elementary hues R, J,
G, B, see right side. Some possible changes of chromaticness c* and hue h* or elementary hue e* are also given on
the right side.

Within a hue triangle (adapted CIELAB hue angle H*, = constant) there is the classical Ostwald equation:

relative blackness + relative chromaticness + relative whiteness equals 1 or

or n*+c*+w*=1 (0<=n*c* w*<=1) (2)

A hue triangle in the adapted CIELAB space is defined by the adapted CIELAB data LAB*, of the given colour (F,),
the colours Black (N,), White (W,) and the colour of maximum chroma (M,). For the colour F, (a=adapted) the
relative CIELAB data chromaticness c*, lightness I*, triangle lightness t*, whiteness w* and blackness n* shall be
calculated in the following sequence of the equations (2) to (6).

c* (Fa) = Cqap (Fa) / C*ap (Ma) )
¥ (Fa) = [L* (Fa) =L (Ng) ]/ [ L* (Wa) —L* (Ng) ] ®3)
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£ (Fp) = * (F2) — c* { [L* (Mp) —L* (Na) ]/ [ L* (W,) —L* (N) ] - 0.5} @
w* (Fp) = t* (F,) — 0.5 c* (F,) (5)
n* (Fa) = 1 - c* (Fy) - w* (Fo) ®)

The relative CIELAB data of the new relative device dependent space NCCS (small letters) are given in bold and
italics and the standard CIELAB data (capital letters) are given only in italics for easy identification.The coordinates
are completed by the relative hue (0 <= h* <=1) and two rectangular components —1 <= a*, b*, <=1 (r = relative and
different to a*, b* of standard CIELAB data LAB*)

h* (F,) = H* (F,) / 360 (7)
a* (Fa) = ¢* (Fy) cos (H* (Fy) ) (8)
b*, (Fq) = c¢* (Fy) sin (H* (Fy) ) )

The values of the device dependent data are usually between 0 and 1 for equations (2) to (7) and different compared
to standard CIELAB data (usually between 0 and 100). Exceptions may appear for luminous and fluorescent colours.
In image technology for different applications (printers and displays) the complementary data are used for example
blackness n* for printers and whiteness w* = 1 — n* for displays.

There are other relative colorimetric data used in image technology, for example lab*cmy; = cmy3s* = cmy* and
lab*olv; = olvs* (= rghs* = olv* = rgb*). The index 3 is necessary here to separate the three relative colorimetric
data for example from the chromaticness c* and the relative lightness I*. Therefore for printers the three data lab*cy
= c3* lab*m; = m3*, and lab*y; = y3* are used and similar for displays 03* = 1 — c3*, I3* =1 —m3*, v3* = 1 —y3*. The
letters olv with O = orange red, L = leaf green, and V = violet blue are used in this Technical Report instead of rgb.
The letters rgb are used for three of the four elementary colours in rjgb; compare ISO/IEC 15775:1999 and ISO/IEC
TR 24705:2005.

For the calculation of these data (compare cmyns*, cmyn,* and olvis*, olvis* in Annex D with three and four
components) additionally the adapted CIELAB data of the six colours CMY and OLV are necessary. The CIELAB
data of the six colours allow to calculate the Maximum colours M, of maximum chroma for every hue h*, compare
ISO/IEC TR 19797:2004-09

For basic colours the data cmy* or olv* are either zero or one. The next figure shows the so called “1 minus
relationship” between both data.

CMYOLV

hexagon u

CMYOLV
hexagon

CMYOLV
hexagon

Absolute
Space
LAB*=

pﬁ
CIELAB /8

Printing ORS18a 835 A&=7

three basic colorsCMY or OLV
three mixed colorsOLV or CMY

CMY . : oLV
three basic colors three mixed color s
LE411-2, 16 step colours olv* in hexagon LE411-3, 16 step colourscmy* in hexagon BE370-4, ORS18ain hue plane AB* of LAB*

oLV . : CMY
three basic colors three mixed color §

Fig. B.1: Three relative CIELAB data olv* and cmy* and the “1 minus relationship
Fig. B.1 shows three relative CIELAB data olv* (left) and cmy* (middle) which are connected by the inverse “1 minus
relationship”. For the Offset Reference System ORS18 the colorimetric data (a*,, b*,) of the colours are shown

(right). The hue angles are not so regular as in the left figures with constant hue angle differences of 60 degrees.
However, in any case the three data are either one or zero for the six chromatic colours.

For the colours within a hue triangle the relationship is shown in Fig. B.2.
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Fig. B.2“1 minus relationship” between olv* and cmy* colorimetric data for constant hue
Fig. B.2 shows the connection between the relative olv* and cmy* colorimetric data. The relation to the adapted

CIELAB data LAB*, is given in the next Fig. B.2.
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Figure B.3: Relationship between adapted LAB*, and cmy* or olv* colorimetric data
Fig. B.3 shows the relationship between adapted LAB*, and cmy* or olv* colorimetric data for the hue 1,00 M + 0,75
C. A linear mixture is assumed for all the intermediate colours. For the calculations the adapted colorimetric data
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LAB*, are usually transferred with the medium black colour as origin (index 0). Therefore the transformation LAB*, to
LAB*,, is done first and then the adapted CIELAB data LAB*,, with the origin at black N may be used if appropriate
for some rendering or re-rendering applications.

Relative Colour Image Technology (RCIT) and RLAB lab* (2005) Colour Image Encoding

Table B.2: Colours defined by the colorimetric data blackness n* and chromaticness c*

Colour F |Relation of colorimetric coordinatesin colour triangle of hue h*=const
and 9 others |[Formula are based on given data of chromaticness ¢* and blackness n*
(c*.n*)=(0.3,0.35) |blackness |chromatic- |whiteness deepness brilliantness [triangle
w* d*=1-w* |i*=1-n* |[lightnesst* =
=1l-n*-c* |=n*+c* 1-n*-05c*

t* =0.50

W

9

8

7

N
Colour 1 0 c* 1-c* c* 1 1-0.5¢*
Colour 2=S |0 c*/(1-n*) |1-c*/(1-n*) |c*/(1-n*) |1 1-0.5¢*/(1-n*)
Colour 3 0 n*+c* 1-n*—c* n*+c* 1 1-0.5(n*+c*)
Colour 4 n* 1-n* 0 1 1-n* 0.5(1-n*)
Colour 5=Q |n*/(n*+c*) |c*/(n*+c*) |0 1 c*/(n*+c*) |0.5c*/(n*+c*)
Colour 6 1-c* c* 0 1 c* 0.5¢c*
Colour 7 1-n* 0 n* 1-n* n* n*
Colour 8 1-n*-0.5¢* |0 n*+0.5c* 1-n*-0.5c* |n*+0.5c* n*+0.5¢c*
Colour 9 1-n*—c* 0 n*+c* 1-n*-c* n*+c* n*+c*

LE540-7, colorimetric relationship of colour triangle points N, W, M and others

Table B.2 shows colours defined by the two colorimetric coordinates blackness n* and chromaticness c* (column 2
and 3), In column 4 to 7 equations for the calculation of whiteness w*, deepness d*, brilliantness i*, and triangle
lightness t* as function of n* and c* are given. Any pair of the six relative coordinates may be used to specify a
colour F. In the Natural Colour System NCS the two coordinates blackness n* and chromaticness c* are used
together with the elementary hue e* to specify a three dimensional colour stimuli, compare Annex G.

For any device the relative colorimetric data, the relative triangle lightness lab*t = t*, the relative chromaticness lab*c
= c* and the relative hue lab*h = h* are in the range

O<=t*<=1

O<=c*<=1

O<=h*<=1
The three reference relative CIELAB data lab*tab (= t*, a*, b*) or lab*tch ( = t*, c*, h*) form in three dimensions the
three-dimensional Natural Colour Connection Space
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Table B.3: Colours defined by the colorimetric data chromaticness c* and triangle lightness t*

Colour F  |Relation of colorimetric coordinatesin colour triangle of hue h*=const
and 9 other sFormula ar e based on given data of chromaticness c* and triangle lightnesst*
(c*t)=(0.3,05) [blackness chromatic- |whiteness |deepness |brilliantness [triangle
W 1, n*=1 ness c* w* k=1 i* lightness t*
9 3 |-ttt - =t*-05¢c* |-t+05c*|=t* +05¢c*
% 1 M n* =0.35 c*=0.30 w* =0.35 d* =0.65 i*=0.70 t* = 0.50
5 W W W wW* W a (W \Wi

N6 12, 125~ loow | N2, 12,

9 9 9 9 9 9

% ; ; % : il

654M 654M 654M 654M 654M
I*
N AR N N N N
E——

Colourl |0 c* 1-c* c* 1 1-0.5¢*
Colour 2=S |0 CH/(t*+0.5¢c*)  [1-c*/(t*+0.5¢*) |c*/(t*+0.5¢*) |1 1-0.5¢* /(t*+0.5¢*)
Colour3 |0 1-t*+0.5¢c* t*—0.5¢ 1-t*+0.5¢* |1 1-0.5(1-t*+0.5¢*)
Colour 4 1-t*-0.5¢c* t*+0.5¢* 0 1 t*+0.5c* 0.5(t*+0.5¢*)
Colour 5=Q [1+c*/(1-t*+0.5¢*) |c*/(1-t*+0.5¢*) |0 1 c*/(1-t*+0.5¢*) |0.5¢* /(1-t* +0.5¢*)
Colour 6 1-c* c* 0 1 c* 0.5¢c*
Colour 7 |t*+0.5¢* 0 1-t*—0.5¢c* t*+0.5¢* 1-t*—0.5¢* 1-t*—0.5¢*
Colour 8  |t* 0 1-t* t* 1-t* 1-t*
Colour 9  |t*-0.5¢* 0 1-t*+0.5¢* t*-0.5c* 1-t*+0.5¢* 1-t*+0.5¢c*

LE541-7, colorimetric relationship of colour triangle points N, W, M and others

Table B.3 shows colours defined by the two colorimetric coordinates chromaticness c* and triangle lightness t*
(column 2 and 7), In column 2 and 4 to 6 equations for the calculation of blackness n*, whiteness w*, deepness d*,
and brilliantness i* as function of c* and t* are given.

The three relative colorimetric data lab*cmy, or lab*olv; are used for colour encoding. The colorimetric relationship
of lab*cmy; or lab*olv, to the three lab*tch data is only dependent on the hue angle of the six chromatic colours
OYLCVM. This hue angle is the same in the adapted and the relative CIELAB for any device.

There is a standard reference device with a constant hue angle difference of 60 for the six chromatic colours,
compare Fig. B.1. The hue angles of OYLCVM of this standard reference device are 30 degrees for O, 90 degrees
forY, 150 degrees for L, 210 degrees for C, 270 degrees for V, and 330 degrees for M. Therefore for this standard
reference device with yellow at the top of the hue circle the encoding in lab*cmy; or lab*olvg and the profiling (in the
NCCS) has advantages for teaching.

The possible double use of the different equivalent relative CIELAB data lab* for both encoding and profiling is
completely different compared to the ICC colour management method. The ICC method uses two different data sets

both the three data of standard CIEXYZ (or standard CIELAB) for the profiling and the data RGB for encoding. The
encoding data RGB are different for any device.
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BAM-reference table no. ME28 for Ma colours input: w* setgray

Tableh*8 - LAB*Ma, lab*olvMa, e*, h*0; System: ORS18a
C M Y [e]

output: no change compared to input
L \Y

I

I v T o) Y M C 8
-: www.ps.bam.de/M E28/10L/L 28EOONP.PS/.PDF; start output - /
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D) S
N 2
* * vk * * * * o3 * * * * vk * * * % * vk * * K
s Coomalma%umalimaima € N5 M5 ChomalMa%valivaYima & M5 |5 CoiomalmaOimalimaViva € Mo [N CiomalmaOmalivaViva © NG K
— 0 739 481 10 00 08580944 0938 [64 862 846 10 0864 00 0241 023 |128 486 543 00 10 04370541 0488 [192 447 424 00 0506 1.0 0746 0.666 w
Q 1 736 481 10 00 08270947 0942 |65 87.3 858 10 0893 00 0247 0234 [129 482 544 00 10 04520544 0491 |193 447 418 00 048 10 0749 0669 3 >
o 2 734 481 10 00 0797095 0947 [66 86 871 10 0922 00 0252 0239 |130 47.7 545 00 10 04660547 0494 194 448 412 00 047 10 0752 0672 Sz
3o |3 72 481 10 00 07670953 0952 |67 900 883 10 0952 00 0257 0243 (131 474 546 00 10 0481055 0496 (195 448 406 00 0452 1.0 0755 0.675 =
=2 |4 730 481 10 00 07360956 0958 [68 915 896 10 0983 0.0 0262 0248 |132 470 547 00 10 04950553 0499 196 449 400 00 0434 10 0.759 0679 Q =
Sw [5 729 481 10 00 07060959 0963 |69 914 897 0982 10 00 0267 0252 (133 467 548 00 10 05080557 0502 |197 450 394 00 0416 10 0762 0.682 &8
3 [6 729 481 10 00 06760963 0968 |70 896 882 0945 10 00 0272 0258|134 464 549 00 10 0522056 0504|198 451 388 00 0398 10 0765 068 o<
52 |7 729 481 10 00 06460966 0973 |71 879 868 0909 10 00 0277 0263|135 461 550 00 10 05360563 0507 [199 453 382 00 033 10 0768 0.689 =7
== |8 729 481 10 00 06160969 0979 [72 863 854 0875 10 00 0282 0.268 |136 459 551 00 10 05490566 0509 [200 455 37.6 00 0362 1.0 0.771 0.692 g
O |9 730 481 10 00 05860972 0984 73 848 841 0842 10 00 0287 0274 |137 457 552 00 10 05620569 0511 [201 457 37.0 00 0343 10 0.774 0.695 o8
S = [0 731 480 10 00 05560975 099 |74 834 89 081 10 00 0292 0279|138 455 553 00 10 05750573 0514|202 460 364 00 0324 10 0777 0699 o
= |11 732 480 10 00 05260978 099575 821 8L6 0779 10 00 0297 0284 |139 454 554 00 10 05880576 0516 (203 463 358 00 0305 1.0 078 0.702 35
8_8 12 735 480 10 00 04960981 0001 |76 809 804 0748 10 00 0302 0289 [140 452 555 00 10 06010579 0519 |204 466 351 00 028 10 0783 0.705 =
o™ |13 737 480 10 00 04650984 0006 [77 798 793 0719 10 00 0307 0294 |141 452 556 00 10 06140582 0521 [205 469 345 00 0266 1.0 0.786 0.709 N
S |14 740 480 10 00 04340987 0012 (78 788 782 069 10 00 0312 0299 |142 451 557 00 10 06270586 0523 [206 47.3 338 00 0247 10 0789 0.712
T3 |15 744 480 10 00 0403099 0018 [79 778 771 0663 10 00 0317 0304 |143 451 558 00 10 064 0589 0525 [207 47.7 332 00 0226 10 0793 0715 =R
2O |16 748 480 10 00 03720993 0023 (80 769 760 0635 10 00 0322 0309 |144 451 559 00 10 06530592 0528 (208 482 325 00 0206 1.0 0.79 0.719 g o
5= |7 2 480 10 00 034 0997 0029 |81 761 749 0609 10 00 0327 0313 (145451 560 00 10 06650595 053 |209 487 318 00 0185 10 0799 0722 ©
S 18 757 480 10 00 030810 00358 753 739 0583 10 00 0332 0318 [146 451 561 00 10 06780598 0532 |210 492 311 00 0163 10 0802 0726 °R=
= 19 763 480 10 00 02760005 0.04 |8 746 729 0557 10 00 0337 0323 (147 452 562 00 10 06910602 0535 | 211 498 304 00 0142 1.0 0805 0.729 =
20 769 480 10 00 0243001 0046 (84 739 719 0532 10 00 0342 0327 |148 453 563 00 10 07040605 0537 [212 504 296 00 0119 10 0808 0733 o=z
: 21 775 480 10 00 02090015 0052 [85 733 709 0508 10 00 0347 0332 |149 454 564 00 10 07170608 0539 [213 511 289 00 009 1.0 0811 0.736 m
o |22 782 480 10 00 0175002 0057 86 728 700 0484 10 00 0352 0.336 |150 456 565 00 10 073 0611 0541 [214 518 281 00 0072 10 0814 0.74 =p\
SO |23 790 480 10 00 014 0026 0063 [87 723 690 046 10 00 0357 0341 |151 458 566 00 10 07430614 0544 215 526 273 00 0048 1.0 0817 0.743 =%
OO |24 709 480 10 00 01040031 0068 |88 718 681 0436 10 00 0362 0.345 152 460 567 00 10 0.7570618 0546 | 216 534 265 00 0023 10 082 0.747 2=
V’% 25 808 480 10 00 00680036 0074 [89 7.4 672 0413 10 00 0367 0349 |153 463 568 00 10 077 0621 0548 217 542 258 0003 00 10 0823 075 o5
g: 26 818 479 10 00 00310041 0079 [90 711 663 039 10 00 0372 0353 |154 465 569 00 10 07840624 055 [218 541 263 0026 00 10 0827 0.754 =
%o_ 27 825 482 10 0005 00 0047 0084 [91 708 654 0367 1.0 00 0378 0358 |155 468 571 00 10 07970627 0553 [219 541 268 0049 00 10 083 0.757 U
S @ |28 816 492 10 003 00 0052 0088 |92 705 645 0344 10 00 0383 0362 |156 472 572 00 10 0811063 0555|220 541 27.3 0073 00 10 0833 0.76 qar
O = |20 808 503 10 005500 0057 009193 703 636 0322 10 00 0388 0366 [157 476 57.3 00 10 08260634 0557 |22] 541 279 0096 00 10 0835 0.764 N
o 30 801 513 10 008 00 0063 0095 (94 701 627 0299 10 00 0393 037 |158 480 574 00 10 084 0637 056 [222 541 284 0119 00 10 0839 0.767 %%
[Tl |31 795 523 10 0104 00 0068 0.098 [95 700 618 0277 10 00 0398 0373 |159 484 575 00 10 0855064 0562 (223 542 289 0142 00 10 0842 0771 7o
<y |32 788 583 10 0127 00 0073 0.102 9% 699 610 0255 10 00 0403 0377 |160 489 57.6 00 10 087 0.643 0564 |224 543 294 0166 00 10 0845 0.775 S
X (33 783 543 10 015 00 0078 0106 |97 699 601 0233 10 00 0408 0381 [161 494 57.7 00 10 083850647 0567 |225 545 300 019 00 10 0848 0.779 >
@ 34 778 553 10 0173 00 0084 0109 [98 699 592 0211 10 00 0413 0385|162 500 579 00 10 09 065 0569 [226 547 305 0213 00 10 0851 0.782 3
. 35 774 563 10 019 00 0089 0113 (99 699 583 0188 10 00 0418 0383 |163 506 580 00 10 09160653 0571 [227 549 310 0237 0.0 10 0.854 0.786 .
) 36 770 572 10 0219 00 0094 0117 [100 700 575 0166 10 00 0423 0392 |164 513 581 00 10 09330656 0574 [228 552 316 0261 0.0 10 0.857 0.791 R,
S 37 767 582 10 0241 00 0099 012 [101 701 566 0144 10 00 0428 0.3% |165 520 582 00 10 095 0659 0576 [229 555 321 0286 0.0 10 0.861 0.7% 9]
N 38 764 591 10 0263 00 0105 0124 [102 703 557 0122 10 00 0433 0399 |166 528 584 00 10 09670663 0579 [230 558 327 03L 00 10 0864 0.799 o
N 39 761 600 10 0285 00 011 0128 [103 705 548 0099 10 00 0433 0402 |167 536 585 00 10 09850666 0581 [231 561 332 0335 0.0 10 0.867 0.803 O
< 40 760 609 10 0306 00 0115 0132 [104 707 539 0076 10 00 0443 0406 |168 544 586 00 10 10030669 0584 [232 566 338 036 00 10 087 0808 -
o 41 758 619 10 0328 00 012 0135 (105 7.0 530 0054 10 00 0448 0409 |169 533 576 00 097 10 0672 0588 [233 570 344 038 00 10 0873 0813 g ™
T 42 757 628 10 035 00 0126 0139 [106 714 521 0031 10 00 0453 0412 |170 525 568 00 0945 10 0675 0591 [234 575 350 0412 00 10 0876 0.817 g
ity 43 757 637 10 0371 00 0131 0143 [107 726 508 00 10 -0.009.458 0415|171 517 560 00 0921 10 0679 0595 [235 580 356 0439 00 10 0879 0.822 o
- 44 757 646 10 0393 00 0136 0147 [108 704 511 00 10 00220463 042 |172 510 552 00 0897 10 0682 0598 [236 586 362 0466 0.0 10 0.882 0.827 s W
45 757 655 10 0414 00 0141 0151 [109 684 513 00 10 00520468 0424 |173 503 545 00 0874 10 0685 0602 [237 592 368 0493 00 10 0.885 0.832 S >
46 758 664 10 0436 00 0147 0155|110 666 5L5 00 10 00810473 0428 |174 49.7 537 00 0852 10 0688 0.605 [238 599 374 0522 00 10 0883 0.837 sz
47 759 674 10 0458 00 0152 0159 [111 649 5.7 00 10 01080478 0432 |175 49.1 530 00 083 10 0691 0609 [239 606 381 0551 0.0 10 0891 0.843 g
48 761 683 10 0479 00 0157 0163 [112 633 519 00 10 01340483 0436 |176 486 523 00 0809 10 0695 0612 [240 614 387 058 00 10 0895 0848 & 3
49 763 692 10 0501 00 0162 0167 [113 618 521 00 10 01590488 044 |177 481 516 00 0788 10 0698 0616 [241 622 394 0611 00 10 0898 0854 = 3
50 766 701 10 0523 00 0168 0171 [114 604 523 00 10 01820493 0444 |178 47.7 510 00 0767 10 0701 0619 [242 631 401 0642 00 10 0901 0.859 &
51 769 711 10 0545 00 0173 0175 115 592 525 00 10 02050498 0448 |179 47.3 503 00 0747 10 0704 0622 [243 641 408 0674 00 10 0904 0.865 3 Q
52 773 720 10 0568 00 0178 0179 [116 580 526 00 10 02270502 0451 |180 469 497 00 0728 10 0708 0.626 (244 652 416 0707 0.0 10 0907 0.871 § o
53 777 730 10 059 00 0183 0183 [117 569 528 00 10 02470505 0455 |181 465 490 00 0708 10 0711 0629 (245 663 423 0742 00 10 091 0877 - =
54 781 740 10 0613 00 0189 0187 [118 558 530 00 10 02670508 0458 |182 462 484 00 0689 10 0714 0632 [246 675 431 0777 00 10 0913 0.883 o
55 787 749 10 0636 00 0194 0192 [119 549 531 00 10 02870512 0462 |183 459 478 00 067 10 0717 0636 [247 687 440 0814 00 10 0916 0.889 g 8
56 793 759 10 066 00 0199 0196 [120 539 533 00 10 03050515 0465 |184 457 471 00 0651 10 072 0639 [248 701 448 0853 00 10 0919 0.8% o
57 799 770 10 0684 00 0205 02 [121 531 534 00 10 03240518 0468 |185 455 465 00 0633 10 0724 0642 (249 7.6 457 0893 00 10 0922 0901 g @
58 806 780 10 0708 00 021 0204 [122 523 535 00 10 03410521 0471 |186 453 459 00 0614 10 0727 0646 [250 732 467 0934 00 10 0925 0.907 5 4
59 813 790 10 0733 00 0215 0208 [123 516 537 00 10 03580525 0474 |187 451 453 00 059 10 073 0649 [251 760 481 10 00 10160.929 0914 P
60 822 801 10 0758 00 022 0213 [124 509 538 00 10 03750528 0477 |188 450 447 00 0578 10 0733 0652 [252 755 481 10 00 09840932 0919 2
61 830 812 10 0784 00 0226 0217 [125 503 539 00 10 03910531 048 |189 449 441 00 056 10 0736 0656 [253 750 481 10 00 09520935 0.923 =
62 840 83 10 08l 00 0231 0221 [126 497 540 00 10 04070534 0483 |190 448 435 00 0542 10 074 0659 [254 746 481 10 00 092 0938 0928 o
[~ 63 850 84 10 0837 00 0236 022|127 491 542 00 10 04220537 0485 |191 447 430 00 0524 10 0743 0662|255 742 431 10 00 08890941 0933
\ME280—7N1 Integer CIELAB hue h', adapted CIELAB data LAB3,, relative CIELAB datalab*olv,,, . of Ma-colours, elementary hue €*, standard olv-hue, h of device ORS18a
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N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

h*8 — H*a, h*, €*8, E*, &, h*08, H*0, h*0; System: ORS18a  output: no change compared to input
C M Y [e] L \Y

* * * * * * * * * * * * * * * * * * * * * * * * * * * *

hy H* h* e E* e hiH: h* |hg H* h* e E* e hiH* hf |hg H* h* e E* e higHY h* [hf H* h* e E* e hiHr h*

— 0 0 00 242340 0944 240 338 0938 (64 90 025 62 87 0241 59 83 023 |128 180 05 138 195 0541 125 176 0.488 (192 270 0.75 191 269 0.746 170 240 0.666

Q 1 1 0004 242 341 0947 241 330 0942 |65 91 0254 63 89 0247 60 84 0234 129 181 0504 139 196 0544 126 177 0491 [193 271 0.754 192 270 0.749 171 241 0.669

S 2 3 0008 243 342 095 243 341 0947 (66 93 0258 64 91 0252 61 86 0239 |130 183 0508 140 197 0.547 126 178 0.494 194 273 0.758 193 271 0.752 172 242 0.672

SO |3 4 0012 244 343 0953 244 343 0952 (67 94 0262 66 92 0257 62 8 0243 |131 184 0512 141 198 055 127 179 0496 [195 274 0762 193 272 0.755 173 243 0675

== |4 6 0016 245344 0956 245 345 0958 |68 96 0266 67 94 0262 63 89 0248 |132 186 0.516 142 199 0553 128 180 0499 [196 276 0.766 194 273 0.759 174 244 0.679

&m. 5 7 002 246 345 0959 246 347 0963 (69 97 027 68 96 0267 65 91 0252|133 187 052 142 200 0.557 128 181 0502 197 277 0.77 195 274 0.762 175 246 0.682

I |8 8 0023 246347 0963 248 348 0.068 (70 98 0273 70 98 0272 66 93 0258 |134 188 0.523 143 202 056 120 181 0504 |198 278 0.773 196 275 0765 175 247 0,685

S2. |7 10 0027 247 348 0.966 249 350 0.973 |71 100 0.277 71 100 0277 67 95 0263 [135 190 0527 144 203 0.563 130 182 0.507 | 199 280 0.777 197 276 0.768 176 248 0.689

=g |8 11 0031 248 349 0969 251 352 0979 |72 101 0281 72 102 0282 69 97 0268 |136 191 0.531 145 204 0566 130 183 0.509 (200 281 0.781 197 278 0.771 177 249 0.692

O |9 13 0035 249 350 0.072 252 354 0984 [73 103 0285 73 103 0287 70 98 0274 |137 193 0535 146 205 0.569 131 184 OS5I (201 283 0.785 198 279 0774 178 250 0.695

S =n [0 14 0039 250 351 0975 253 35 0.99 |74 104 0289 75 1050292 71 100 0279 (138 194 0539 147 206 0573 132 185 0514 | 202 284 0789 199 280 0.777 179 251 0.699

= |11 15 0043 250 352 0978 255 358 0.995 |75 105 0.293 76 107 0.297 73 102 0.284 [139 195 0543 147 207 0576 132 186 0516 | 203 285 0.793 200 281 0.78 180 253 0.702

88 12 17 0047 251 3530981 O O 000l |76 107 0297 77 109 0302 74 104 0.289 |140 197 0.547 148 208 0579 133 187 0519 204 287 0.797 201 282 0.783 181 254 0.705

o' 7" |13 18 0051 252 354 0.984 2 0006 (77 108 0301 79 111 0307 75 106 0294 | 141 198 0551 149 210 0582 133 188 0.521 (205 288 0.801 201 283 0.786 181 255 0.709

S |14 20 0055 253 3550987 3 4 001278 110 0305 80 112 0312 77 108 0.299 | 142 200 0.555 150 211 0586 134 188 0523 (206 290 0.805 202 284 0.789 182 256 0.712

T |15 21 0059 254357099 5 6 0018 (79 111 0309 81 114 0317 78 109 0.304 | 143 201 0559 151 212 0589 135 189 0.525 207 291 0.809 203 285 0.793 183 258 0.715

O |16 23 0063 254 358 0993 6 8 0023 |80 113 0313 8 116 0322 79 111 0309 |144 203 0563 152 213 0592 135 190 0528 208 293 0.813 204 286 0.796 184 259 0.719

S |17 24 0066 2553590997 7 10 0029 |81 114 0316 84 118 0.327 80 113 0313 [145 204 0566 152 214 0595 136 191 053 |209 294 0816 204 288 0.799 185 260 0.722

2 18 25 007 256360 10 9 12 00358 115032 85 120 0332 8L 115 0318 |146 205 0.57 153 215 0598 136 192 0532 210 295 0.82 205 289 0.802 186 261 0.726

= 19 27 0074 1 2 0005 10 15 004 |83 117 0324 8 121 0337 83 116 0323 |147 207 0574 154 217 0.602 137 192 0535 211 297 0.824 206 290 0.805 187 262 0.729

20 28 0078 3 4 001 12 17 0046 (84 118 0328 88 123 0342 84 118 0327 | 148 208 0578 155 218 0.605 137 193 0537 212 298 0.828 207 291 0.808 183 264 0.733

: 21 30 0082 4 5 0015 13 19 0052 (85 120 0332 89 125 0347 85 119 0332 | 149 210 0582 156 219 0.608 138 194 0.539 213 300 0.832 208 292 0.811 183 265 0.736

T |22 3L 0086 5 7 002 15 21 0057 (86 121 0336 90 127 0352 86 121 0336 | 150 211 0586 156 220 0.611 139 195 0.541 (214 301 0.836 208 293 0.814 189 266 0.74

=0 123 32 009 7 9 0026 16 23 0063 |87 122 034 91 129 0357 87 123 0341 |151 212 059 157 221 0.614 139 196 0544 [215 302 0.84 209 294 0.817 190 268 0.743

T O |24 34 0094 8 11 0031 17 25 0068 |88 124 0344 93 130 0362 88 124 0.345 152 214 0594 158 222 0.618 140 197 0546 | 216 304 0.844 210 295 0.82 191 269 0.747

o % 25 35 0098 9 13 0036 19 27 0074 (89 125 0348 94 132 0367 89 126 0349 | 153 215 0598 159 224 0.621 140 197 0.548 | 217 305 0.848 211 296 0.823 192 270 0.75

g: 26 37 0102 11 15 0041 20 28 0079 (90 127 0352 95 134 0372 90 127 0353 | 154 217 0.602 160 225 0.624 141 198 055 (218 307 0.852 212 298 0.827 193 271 0.754

% o |27 38 0105 12 17 0047 22 30 0084 |91 128 0355 97 136 0.378 92 129 0.358 [155 218 0.605 161 226 0.627 141 199 0553 | 219 308 0.855 212 299 0.83 194 273 0.757

=S @ |28 39 0109 13 19 0052 22 32 0088 (92 129 0359 98 138 0.383 93 130 0.362 | 156 219 0.609 161 227 063 142 200 0.555 (220 309 0.859 213 300 0.833 195 274 0.76

Q= |29 4 0113 15 21 0057 23 33 0091 (9 131 0.363 99 140 0388 94 132 0.366 | 157 221 0613 162 228 0.634 143 201 0557 (221 311 0.863 214 301 0836 196 275 0.764

@ 30 42 0117 16 23 0063 24 34 0095 (94 132 0367 101 141 0393 95 133 037 |158 222 0.617 163 229 0.637 143 201 056 (222 312 0.867 215 302 0.839 196 276 0.767

[M [31 44 0121 17 24 0068 25 35 0098 |95 134 0371 102 143 0398 96 134 0.373 159 224 0.621 164 230 064 144 202 0562 | 223 314 0.871 216 303 0.842 197 278 0.771

<18 |32 45 0125 19 26 0073 26 37 0102 |96 135 0375 103 145 0403 97 136 0377 |160 225 0.625 165 232 0.643 144 203 0564 (224 315 0875 216 304 0845 198 279 0775

© |33 46 0120 20 28 0078 27 33 0106 |97 136 0.379 104 147 0408 98 137 0.381 | 161 226 0.629 166 233 0.647 145 204 0.567 | 225 316 0879 217 305 0.848 199 280 0.779

Q 34 48 0133 21 30 0084 28 39 0109 (98 138 0.383 106 149 0413 98 138 0.385 | 162 228 0.633 166 234 0.65 146 205 0.569 (226 318 0.883 218 306 0.851 200 282 0.782

Q. 35 49 0137 23 32 0089 29 41 0113 (99 139 0387 107 150 0418 99 140 0388 | 163 229 0.637 167 235 0.653 146 206 0.571 (227 319 0.887 219 308 0.854 201 283 0.786

Q 36 51 0141 24 34 0094 30 42 0117 (100 141 0391 108 152 0423 100 141 0392 | 164 231 0.641 168 236 0.656 147 207 0.574 (228 321 0.891 220 309 0.857 202 285 0.791

S 37 52 0145 25 36 0099 31 43 012 (101 142 0395 110 154 0428 101 142 0395 | 165 232 0.645 169 237 0.659 148 207 0.576 (229 322 0.895 220 310 0.861 203 286 0.795

[\ 38 53 0148 27 38 0105 32 45 0.124 (102 143 0398 111 156 0433 102 144 0399 | 166 233 0.648 170 239 0.663 148 208 0.579 (230 323 0.898 221 311 0.864 205 288 0.799

[N 39 55 0152 28 40 011 33 46 0.128 (103 145 0402 112 158 0438 103 145 0.402 | 167 235 0.652 170 240 0.666 149 209 0.581 231 325 0.902 222 312 0.867 206 289 0.803

- 40 56 0156 29 41 0115 34 47 0132|104 146 0406 113 159 0443 104 146 0.406 (168 236 0.656 171 241 0.669 149 210 0584 | 232 326 0.906 223 313 0.87 207 291 0.808

o 41 58 016 31 43 012 35 49 0135|105 148 041 115 161 0448 105 147 0409 (169 238 066 172 242 0672 150 212 0588 | 233 328 091 223 314 0.873 208 293 0.813

Tl 42 59 0164 32 45 0126 36 50 0139 | 106 149 0414 116 163 0453 106 148 0.412 [ 170 239 0664 173 243 0675 151 213 0591 | 234 329 0914 224 315 0876 209 294 0.817

[N 43 60 0168 34 47 0131 37 52 0143|107 150 0418 117 165 0458 106 149 0.415 [171 240 0668 174 244 0679 152 214 0595 | 235 330 0918 225 316 0.879 210 296 0.822

= 44 62 0172 35 49 0136 38 53 0147 | 108 152 0422 119 167 0463 107 151 042 172 242 0672 175 245 0682 153 215 0598 | 236 332 0.922 226 318 0.882 212 298 0.827

45 63 0176 36 51 0141 39 54 0151 | 109 153 0426 120 168 0.468 109 153 0.424 | 173 243 0676 175 247 0.685 154 217 0.602 | 237 333 0.926 227 319 0.885 213 300 0.832

46 65 018 38 53 0147 40 56 0155|110 155 043 121 170 0473 110 154 0.428 | 174 245 068 176 248 0688 155 218 0.605 | 238 335 0.93 227 320 0.888 214 301 0.837

47 66 0184 39 55 0152 41 57 0159 |111 156 0434 122 172 0478 111 156 0432 (175 246 0.684 177 249 0691 156 219 0.609 | 239 336 0.934 228 321 0.891 216 303 0.843

48 68 0188 40 57 0157 42 59 0163 |112 158 0438 124 174 0483 112 157 0.436 (176 248 0688 178 250 0.695 157 220 0.612 | 240 338 0.938 229 322 0.895 217 305 0.848

49 69 0191 42 58 0162 43 60 0167 113 159 0441 125 176 0488 113 159 044 (177 249 0691 179 251 0698 158 222 0.616 | 241 339 0.941 230 323 0.898 219 307 0.854

50 70 0195 43 60 0168 44 62 0.171 114 160 0445 126 178 0493 114 160 0.444 | 178 250 0.695 179 252 0.701 158 223 0.619 (242 340 0.945 231 324 0.901 220 309 0.859

51 72 0199 44 62 0173 45 63 0.175 [115 162 0449 128 179 0498 115 161 0.448 | 179 252 0.699 180 254 0.704 159 224 0.622 243 342 0.949 231 325 0.904 221 311 0.865

52 73 0203 46 64 0178 46 64 0.179 [116 163 0453 129 181 0502 116 162 0.451 | 180 253 0.703 181 255 0.708 160 225 0.626 244 343 0.953 232 326 0.907 223 313 0.871

53 75 0207 47 66 0183 47 66 0.183 117 165 0457 129 182 0505 116 164 0.455 | 181 255 0.707 182 256 0.711 161 226 0.629 245 345 0.957 233 328 0.91 224 316 0.877

54 76 0211 48 68 0189 48 67 0.187 [118 166 0461 130 183 0508 117 165 0.458 | 182 256 0.711 183 257 0.714 162 228 0.632 (246 346 0.961 234 329 0.913 226 318 0.883

55 77 0215 50 70 0194 49 69 0.192 119 167 0465 131 184 0512 118 166 0462 | 183 257 0.715 184 258 0.717 163 229 0.636 (247 347 0.965 235 330 0.916 228 320 0.889

56 79 0219 51 72 0199 50 70 0.196 120 169 0469 132 185 0515 119 167 0.465 | 184 259 0.719 184 259 0.72 164 230 0.639 248 349 0.969 235 331 0.919 229 322 0.8%

57 80 0223 52 74 0205 51 72 02 (121 170 0473 133 187 0518 120 168 0.468 | 185 260 0.723 185 260 0.724 164 231 0.642 (249 350 0.973 236 332 0.922 231 324 0.901

58 82 0227 54 76 021 52 74 0204 (122 172 0477 133 188 0521 121 170 0.471 | 186 262 0.727 186 262 0.727 165 232 0.646 (250 352 0.977 237 333 0.925 232 327 0.907

59 83 023 55 77 0215 53 75 0208 (123 173 048 134 189 0525 121 171 0474 | 187 263 0.73 187 263 0.73 166 234 0.649 (251 353 0.98 238 334 0.929 234 329 0914

60 84 0234 56 79 022 54 77 0213 [124 174 0484 135 190 0528 122 172 0.477 | 188 264 0.734 188 264 0.733 167 235 0.652 (252 354 0.984 238 335 0.932 235 331 0919

61 8 0238 58 8L 0226 56 78 0217 [125 176 0488 136 191 0531 123 173 048 |189 266 0.738 189 265 0.736 168 236 0.656 253 356 0.988 239 337 0.935 236 332 0.923

62 87 0242 59 8 0231 57 80 0221 126 177 0492 137 192 0534 124 174 0.483 | 190 267 0.742 189 266 0.74 169 237 0.659 (254 357 0.992 240 338 0.938 238 334 0.928

63 8 0246 60 85 0236 58 81 0226|127 179 04% 138 103 0.537 124 175 0486 (191 260 0.746 190 267 0.743 170 233 0.662 | 255 350 0.996 241 330 0.941 230 336 0.933
K// \\ ME470-441, CIELAB hue: integer hy, angle H*, and value h*; elementary hue: integer €, angle E*, and value & ; standard olv-hue: integer h¥, angle H%, and value h¥ of device ORS18a
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N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D) ///\
82
* * vk * * * * vk * * * ol * vk * * * * vk * * K
hg Cibmalia®malimaViva € ho [N CoomalmaO%malivaVima © N5 |5 ChomalmavalivaVima & N (5 Chomalma%malimaVima € G k
0 86 567 10 00 05 0944 00 |64 1000 567 10 10 00 0241 025 |128 866 567 00 10 05 0541 05 [192 1000 567 00 00 10 0746 075 W
1 86 567 10 00 04790947 0004 |65 986 567 0972 10 00 0247 0254 [129 866 567 00 10 05210544 0504 |193 986 567 0028 0.0 10 0749 0.754 8 >
2 867 567 10 00 0457095 0008 66 974 567 0945 10 00 0252 0258 |130 867 567 00 10 05430547 0508 [194 974 567 0055 00 10 0752 0.758 Sz
3 868 567 10 00 04360953 0012 |67 9.2 567 0918 10 00 0257 0262 |131 868 567 00 10 0564055 0512 [195 9.2 567 0082 00 10 0.755 0.762 =
4 870 567 10 00 04150956 0016 [68 951 567 0892 10 00 0262 0.266 |132 87.0 567 00 10 05850553 0516 [196 951 567 0.108 00 10 0.759 0.766 Q=
5 873 567 10 00 03930959 002 |69 941 567 087 10 00 0267 027 |133 87.3 567 00 10 06070557 052 (197 941 567 0133 00 10 0762 077 %8
6 875 567 10 00 03720963 0023 [70 931 567 0842 10 00 0272 0273 |134 875 567 00 10 0628056 0523 [198 931 567 0158 0.0 10 0765 0.773 o &
7 879 567 10 00 035 0966 0027 [71 923 567 0818 10 00 0277 0277 |135 879 567 00 10 065 0563 0527 [199 923 567 0182 00 10 0768 0.777 59
8 883 567 10 00 03280969 0031 [72 915 567 0794 10 00 0282 0281 |136 883 567 00 10 06720566 0531 [200 915 567 0206 0.0 10 0771 0.78L 3
9 888 567 10 00 03060972 003573 907 567 077 10 00 0287 0285|137 888 567 00 10 06940569 0535 [201 90.7 567 023 00 10 0774 0785 o8
10 893 567 10 00 02830975 0039 |74 901 567 0747 10 00 0292 0289 [138 893 567 00 10 07170573 0539 |202 90.1 567 0253 00 10 0777 0.789 o
11 899 567 10 00 026 0978 0043 |75 895 567 0724 10 00 0297 0293 [139 899 567 00 10 074 0576 0543 |203 895 567 0.276 00 10 078 0793 35
12 905 567 10 00 02370981 0047 |76 889 567 0702 10 00 0302 0297 [140 905 567 00 10 07630579 0547 |204 889 567 0298 00 10 0783 0.797 =
13 912 567 10 00 02140984 0051 |77 884 567 068 10 00 0307 0301 [141 912 567 00 10 07860582 0551 |205 884 567 032 00 10 0786 0.801 N
14 920 567 10 00 019 0987 0055 |78 880 567 0658 10 00 0312 0305 (142 920 567 00 10 081 0586 0555 |206 880 567 0.342 00 10 0789 0.805
15 928 567 10 00 0166099 0059 |79 87.7 567 0636 10 00 0317 0309 [143 928 567 00 10 08340589 0559 |207 87.7 567 0364 00 10 0793 0.809 =Q
16 937 567 10 00 01410993 0062 |80 87.3 567 0614 10 00 0322 0313 [144 937 567 00 10 08590592 0562 |208 87.3 567 0.386 0.0 10 0796 0813 30
17 947 567 10 00 01160997 0066 |81 87.1 567 0592 10 00 0327 0316 [145 947 567 00 10 08840595 0566 |209 87.1 567 0408 0.0 10 0799 0.816 ©
18 958 567 10 00 009 10 007 |8 869 567 0571 10 00 0332 032 (146 958 567 00 10 091 0598 057 |210 869 567 0429 00 10 0802 0.82 29
19 970 567 10 00 00640005 0074 |83 867 567 055 10 00 0337 0324 [147 970 567 00 10 09360602 0574 |211 867 567 045 00 10 0805 0.824 =
20 982 567 10 00 0037001 0078 [84 86 567 0528 10 00 0342 0328 |148 982 567 00 10 09630605 0578 [212 866 56.7 0472 00 10 0.808 0.828 o=
21 1005 567 10 00 00 0015 0083 [85 86 567 0507 1.0 00 0347 0332 |149 995 567 00 10 09910608 0582 213 866 56.7 0493 00 10 0811 0.832 m
22 991 567 10 0019 00 002 0086 |8 8.6 567 0486 10 00 0352 0336 |150 99.1 567 00 0981 10 0611 0586 [214 866 567 0514 0.0 10 0814 0836 =Ry
23 978 567 10 0046 00 0026 009 |87 8.7 567 0465 1.0 00 0357 034 |151 978 567 00 0954 10 0614 059 (215 867 567 0535 0.0 10 0817 084 =
24 966 567 10 0073 00 0031 0094 [88 88 567 0443 1.0 00 0362 0344 |152 966 567 00 0927 10 0618 0594 [216 868 567 0557 0.0 10 082 0844 2=
25 954 567 10 0099 00 0036 0098 [89 870 567 0422 10 00 0367 0348 |153 954 567 00 0901 10 0621 0598 217 87.0 567 0578 0.0 10 0.823 0.848 o5
26 944 567 10 0125 00 0041 0102 [90 872 567 04 10 00 0372 0352 |154 944 567 00 0875 10 0624 0602 (218 87.2 567 06 00 10 0827 0852 =
27 934 567 10 015 00 0047 0105 |91 874 567 0379 10 00 0378 0355|155 934 567 00 085 10 0627 0605 219 87.4 567 0621 00 10 083 0855 UES
28 925 567 10 0174 00 0052 0109 [92 878 567 0357 10 00 0383 0359 |156 925 567 00 0826 10 063 0609 [220 87.8 567 0643 0.0 10 0.833 0.859 ar
29 917 567 10 0198 00 0057 0113 [93 82 567 033 10 00 038 0363 |157 91.7 567 00 0802 10 0634 0613 [221 882 567 0665 00 10 0836 0.863 N
30 910 567 10 0222 00 0063 0117 [94 86 567 0313 1.0 00 0393 0367 |158 910 567 00 0778 10 0637 0617 (222 886 567 0687 0.0 10 0.839 0.867 g%
31 903 567 10 0245 00 0068 0121 [95 891 567 0291 10 00 0398 0371 |159 903 567 00 0755 10 064 0621 (223 891 567 0709 0.0 10 0842 0871 ? o
32 897 567 10 0268 00 0073 0125 96 897 567 0268 1.0 00 0403 0375 |160 89.7 567 00 0732 10 0643 0625 [224 897 567 0732 00 10 0845 0875 I3]
33 891 567 10 0291 00 0078 0129 [97 903 567 0245 10 00 0408 0379 |161 891 567 00 0709 10 0647 0.629 [225 903 567 0755 0.0 10 0.848 0.879 b
34 886 567 10 0313 00 0084 0133 (98 910 567 0222 10 00 0413 0383 |162 886 567 00 0687 10 065 0633 [226 910 567 0778 00 10 0851 0.883 S
35 882 567 10 0335 00 0089 0137 [99 917 567 0198 10 00 0418 0387 |163 882 567 00 0665 L0 0653 0.637 [227 917 567 0802 00 10 0.854 0.887 :
36 878 567 10 0357 00 0094 0141 [100 925 567 0174 10 00 0423 0391 |164 87.8 567 00 0643 10 0656 0.641 (228 925 567 0826 00 10 0.857 0.891 |
37 874 567 10 0379 00 0099 0145 [101 934 567 015 10 00 0428 0.39% |165 87.4 567 00 0621 10 0659 0.645 [229 934 567 085 00 10 0861 0.8%5 0]
38 872 567 10 04 00 0105 0148 [102 944 567 0125 10 00 0433 0398 |166 87.2 567 00 06 10 0663 0648 [230 944 567 0875 00 10 0.864 0.898 o
39 870 567 10 0422 00 011 0152 [103 954 567 0099 10 00 0433 0402 |167 870 567 00 0578 10 0666 0.652 (231 954 567 0901 0.0 10 0.867 0.902 O
40 8.8 567 10 0443 00 0115 0156 [104 966 567 0073 10 00 0443 0406 |168 868 567 00 0557 1.0 0669 0656 [232 966 567 0927 00 10 087 0.906 -
41 8.7 567 10 0465 00 012 016 [105978 567 0046 1.0 00 0448 041 |169 867 567 00 0535 1.0 0672 066 |233 978 567 0954 00 10 0.873 091 z ™
42 8.6 567 10 0486 00 0126 0164 [106 991 567 0019 10 00 0453 0414 170 866 567 00 0514 1.0 0675 0664 [234 991 567 0981 00 10 0.876 0.914 g
43 8.6 567 10 0507 0.0 0131 0168 [107 995 567 00 10 00090458 0.418 171 86.6 567 00 0493 10 0679 0668 [235 995 567 10 00 09910.879 0.918 o
44 8.6 567 10 0528 00 0136 0172 (108 982 567 00 10 00370463 0.422 172 866 567 00 0472 10 0682 0672 [236 982 567 10 00 09630.882 0.922 s W
45 8.7 567 10 055 00 0141 0176 [109 970 567 00 10 00640468 0.426 173 867 567 00 045 10 0685 0676 [237 970 567 10 00 09360.885 0.926 R
46 8.9 567 10 0571 00 0147 018 [110 958 567 00 10 009 0473 043 |174 869 567 00 0429 10 0688 068 [238 958 567 10 00 091 0.888 0.93 s =z
47 871 567 10 0592 0.0 0152 0184 [111 947 567 00 10 01160478 0.434 175 87.1 567 00 0408 1.0 0691 0684 [239 947 567 10 00 08840.891 0.934 "
48 873 567 10 0614 00 0157 0187 [112 937 567 00 10 01410483 0438 176 87.3 567 00 0386 1.0 0695 0687 [240 937 567 10 00 08590.895 0.938 5 3
49 877 567 10 0636 00 0162 0191 [113 928 567 00 10 01660488 0.441 177 87.7 567 00 0364 10 0698 0691 [241 928 567 10 00 0.8340.898 0.941 = @
50 880 567 10 0658 00 0168 0195 114 920 567 00 10 0.9 0493 0445 |178 880 567 00 0342 10 0701 0695 [242 920 567 10 00 081 0.901 0945 S
51 884 567 10 068 00 0173 0199 [115 912 567 00 10 02140498 0449 |179 884 567 00 032 10 0704 0699 (243 912 567 10 00 0.7860.904 0.949 2 Q
52 889 567 10 0702 00 0178 0203 [116 905 567 00 10 0.2370502 0453 |180 889 567 00 0298 10 0708 0.703 [244 905 567 10 00 0.7630.907 0953 E o
53 895 567 10 0724 00 0183 0207 [117 899 567 00 10 026 0505 0457 |181 895 567 00 0276 10 0711 0.707 (245 899 567 10 00 074 091 0957 o =
54 901 567 10 0747 00 0189 0211 [118 893 567 00 10 0.2830508 0461 |182 90.1 567 00 0253 10 0714 0.711 246 893 567 10 00 07170913 0961 o
55 90.7 567 10 077 00 0194 0215|119 888 567 00 10 03060512 0.465 |183 90.7 567 00 023 10 0717 0.715 [247 888 567 10 00 06940916 0.965 g 8
56 915 567 10 0794 00 0199 0219 [120 83 567 00 10 03280515 0469 |184 915 567 00 0206 10 072 0719 (248 883 567 10 00 06720919 0969 o
57 923 567 10 0818 00 0205 0223 [121 879 567 00 10 035 0518 0473 |185 923 567 00 0182 10 0724 0723 [249 87.9 567 10 00 065 0922 0973 s @
58 931 567 10 0842 00 021 0227 [122 875 567 00 10 03720521 0477 |186 931 567 00 0158 10 0727 0.727 [250 875 567 10 00 06280925 0977 s 4
59 941 567 10 0867 00 0215 023 [123 873 567 00 10 03930525 048 |187 941 567 00 0133 10 073 073 (251 87.3 567 10 00 06070929 098 s o
60 951 567 10 0892 00 022 0234|124 870 567 00 10 04150528 0484 |188 951 567 00 0108 10 0733 0.734 [252 87.0 567 10 00 05850932 0.984 2
61 9.2 567 10 0918 00 0226 0238 [125 868 567 00 10 04360531 0488 |189 962 567 00 0082 10 0736 0.738 [253 868 567 10 00 05640935 0.988 =
62 974 567 10 0945 00 0231 0242 [126 867 567 00 10 04570534 0492 |190 974 567 00 0055 L0 074 0742 (254 867 567 10 00 05430938 0992 )
63 986 567 10 0972 00 0236 0246 [127 866 567 00 10 04790537 0.49% |191 986 567 00 0028 10 0743 0.746 255 866 567 10 00 05210941 0.99
E280-7N6, Integer CIELAB hue h;, adapted CIELAB data LABY, , relative CIELAB datalab*olv,,, . of Ma-colours, elementary hue e*, standard olv-hue, h¥ of device SRS18 f/

&fo

M,

BAM-reference table no. ME28 for Ma colours

input: w* setgray

\K/J

Tableh*8 - LAB*Ma, lab*olvMa, €%, h*0; System: SRS18
C M Y [e]

P
output: no change compared to input t
L \
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www.ps.bam.de/ME29/10L/L 29E05NP.PS/.PDF; start output

N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

:UOITeWIou| [21UYS |

1623 INPP Wed'sd Mmm//:dny S3|1} eIl s 10} 39S \

T'T=0I1 ‘T'ZUOSBA ap'weqsd mmm//:dy

hy H* h* e E*e

0 00 242
1 0004 242
3 0008 243
4 0012 244
6
7
8

OCONOUBWNRFO

340
341
342
343
344
345
347
348
349
350
351
352
353
354
355
357
358
359
360

higHZ ht |hs H* h* e E* e higH hx |ht H* h* e E* e higH: hy |hs H* h

0 00 64 90 025 62 87 0241 64 90 025 [128 180 05 138
1 0004 |65 91 0254 63 89 0247 65 91 0254|129 181 0504 139
3 0008 |66 93 0258 64 91 0252 66 93 0.258 |130 183 0.508 140
4 0012 (67 94 0262 66 92 0257 67 94 0262 [131 184 0512 141
6 0016 |68 96 0266 67 94 0262 68 96 0266 |132 186 0516 142
7 002 |69 97 027 68 96 0267 69 97 027 |133 187 052 142
8 0023|70 98 0273 70 98 0272 70 98 0273 |134 188 0523 143
10 0.027 |71 100 0.277 71 100 0.277 71 100 0.277 | 135 190 0527 144
11 0031 |72 101 0281 72 102 0.282 72 101 0.281 |136 191 0531 145
13 0035 |73 103 0285 73 103 0.287 73 103 0.285 | 137 193 0535 146
10 14 0.039 |74 104 0289 75 105 0.292 74 104 0.289 | 138 194 0.539 147
11 15 0.043 |75 105 0.293 76 107 0.297 75 105 0.293 | 139 195 0.543 147
12 17 0047 |76 107 0.297 77 109 0302 76 107 0.297 | 140 197 0.547 148
13 18 0.051 |77 108 0301 79 111 0307 77 108 0.301 | 141 198 0.551 149

OCONOUIRWNRO

61 86 0238 [125 176 0.488 136 191 0531 125 176 0.483 | 189 266 0738 189
62 87 0242 126 177 0492 137 192 0534 126 177 0.492 | 190 267 0.742 189
63 89 0246 127 179 0496 138 193 0537 127 179 0.496 | 191 269 0.746 190

195
196
197
198
199
200
202
203

(o] o
0541 128 180 05 192 270 0.75
0544 129 181 0.504 | 193 271 0.754
0.547 130 183 0.508 | 194 273 0.758
055 131 184 0512 | 195 274 0.762
0553 132 186 0.516 | 196 276 0.766
0557 133 187 0.52 |197 277 0.77
056 134 188 0.523 | 198 278 0.773
0563 135 190 0.527 | 199 280 0.777
0.566 136 191 0.531 | 200 281 0.781
0569 137 193 0.535 | 201 283 0.785
0573 138 194 0.539 | 202 284 0.789
0576 139 195 0.543 | 203 285 0.793
0579 140 197 0.547 | 204 287 0.797
0.582 141 198 0.551 | 205 288 0.801
0.586 142 200 0.555 | 206 290 0.805
0.589 143 201 0.559 |207 291 0.809
0.592 144 202 0.562 |208 293 0.813
0595 145 204 0.566 | 209 294 0.816
0.598 146 205 0.57 |210 295 0.82

0.733 188 264 0.734 | 252 354 0.984
0.736 189 266 0.738 | 253 356 0.988
0.74 190 267 0.742 | 254 357 0.992
0.743 191 269 0.746 | 255 359 0.996

269
270
271
272
273
274
275
276
278
279
280
281
282
283
284
285
286
288
289
290
291
292
293
294
295
296
298
299
300
301
302
303
304
305
306
308
309
310
311
312
313
314
315
316
318
319
320
321
322
323
324
325
326
328
329
330
331
332
333
334
335
337
338
339

* * *
h08 Ho ho
192 270 0.75
193 271 0.754
194 273 0.758
195 274 0.762
196 276 0.766
197 277 0.77
198 278 0.773
199 280 0.777
200 281 0.781
201 283 0.785

203 285 0.793
204 287 0.797
205 288 0.801
206 290 0.805

210 295 0.82
211 297 0.824

224 315 0.875
225 316 0879

E470-446, CIELAB hue: integer hv, angle H*, and value h*; elementary hue: integer €}, angle E*, and value €*; standard olv-hue: integer h%, angle H*, and value h¥ of device SRS18

BAM-reference table no. ME29 for Ma colours
h*8 — H*a, h*, e*8, E*, *, h*08, H* 0, h* 0; System: SRS18
C M Y [e]

o8

input: w* setgray

output: no change compared to input
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BAM-reference table no. ME28 for Ma colours

Tableh*8 - LAB*Ma, lab*olvMa, €%, h*0; System: TLS00
C M Y [e]

input: w* setgray

V L o] Y M C -8
-: www.ps.bam.de/M E28/10L/L 28EO0LINP.PS/.PDF; start output -
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D) ///\
§ 82
* * 3 * * * * vk * * * ol * vk * * * * vk * * K
A CiomalmaO%malimaVima © N5 M ChmalMa®valimaYima & M5 |5 CiomaliaOmalimaVima € Mo (M5 CiomaliaOmalivaVva € NG k
— 0 8.1 541 10 00 05250944 0995 (64 852 837 10 0788 00 0241 0218 |128 515 864 00 10 08550541 0562 (192 47.6 655 00 0622 1.0 0746 0.644 w
Q 1 88 540 10 00 05080947 0999 |65 858 846 10 08l 00 0247 0221 [129 510 85 00 10 08680544 0564 |193 485 650 00 0613 10 0749 0.646 8 >
g 2 856 538 10 00 0491095 0002 [66 84 856 10 0831 0.0 0252 0225|130 506 865 00 10 08810547 0566 [194 494 644 00 0602 1.0 0752 0.648 Sz
33 |3 84 57 10 00 04740953 0005 |67 87.2 865 10 0854 00 0257 0228 (131 502 85 00 10 0894055 0568 [195 504 638 00 0592 1.0 0755 0.65 =
=2 |4 83 536 10 00 04570956 0008 68 879 874 10 0876 0.0 0262 0232 |132 498 86 00 10 09070553 057 [196 515 632 00 0581 1.0 0.759 0.652 Q =
Qo [5 82 55 10 00 044 0950 0011 |69 888 884 10 0899 00 0267 0235 133 495 866 00 10 092 0557 0572 |197 527 626 00 0569 10 0762 0.654 %8
3 |6 82 534 10 00 04230963 0014 |70 897 894 10 0923 00 0272 0239|134 492 867 00 10 0932056 0574|198 540 619 00 0557 10 0765 06% o &
52 |7 3 53 10 00 04060966 0017 |71 907 904 10 0947 00 0277 0242 |135 489 867 00 10 09440563 0575 [199 553 612 00 0545 10 0768 0658 =Y
== |8 83 531 10 00 039 0969 002 |72 918 915 10 0971 0.0 0282 0246 |136 487 867 00 10 09570566 0577 [200 568 604 00 0532 1.0 0.771 0.661 3
O |9 &b 530 10 00 03730972 0023 73 931 927 10 10 00 0287 025 |137 485 868 00 10 09690569 0579 201 584 506 00 0518 10 0.774 0.663 of
S ¢ |10 857 529 10 00 03560975002 |74 932 924 0969 10 00 029 0254|133 483 868 00 10 09810573 0581|202 601 588 00 0503 10 0777 0666 o
= |11 89 528 10 00 03390978 0029 (75 934 920 0932 10 00 0297 026 |139 482 869 00 10 09920576 0582 [203 620 57.9 00 0487 1.0 078 0.669 35
8_8 12 82 527 10 00 03210981 0032 |76 936 917 089 10 00 0302 0265 [140 481 8.9 00 10 10040579 0584 |204 640 570 00 047 10 0783 0.672 =
o |13 86 526 10 00 03040984 0035 |77 940 914 0859 10 00 0307 0271 |141 470 8.1 00 0987 10 0582 0585 [205 662 559 00 0452 1.0 0.786 0675 N
S |14 870 524 10 00 02870987 0038 (78 943 910 0821 10 00 0312 0277 |142 462 856 00 0978 10 0586 0586 [206 686 549 00 0433 1.0 0.789 0.679
T3 |15 875 523 10 00 0269099 0041 [79 948 907 0784 10 00 0317 0283 |143 454 81 00 0969 10 0589 0588 [207 7.2 537 00 0413 10 0793 0.683 =Q
O |16 880 522 10 00 02510993 0045 (80 952 904 0746 10 00 0322 0289 |144 447 846 00 096 10 0592 0589 [208 741 524 00 039 10 079 0687 go
S |17 886 521 10 00 02330997 0043 |81 98 900 0708 10 00 0327 029 [145 441 842 00 0952 10 0595 059 |209 772 511 00 0366 10 0799 0.691 ©
o 18 892 520 10 00 021510 0051 |8 9.4 897 0669 10 00 0332 0303 [146 435 87 00 0944 10 0598 0591 |210 80.7 496 00 034 10 0802 0.696 e =
= 19 899 518 10 00 01960005 0054 |83 97.1 893 063 10 00 0337 03l [147 429 83 00 0936 10 0602 0592 |211 846 480 00 0311 10 0805 0.701 =R
20 907 517 10 00 0177001 0057 [84 979 890 059 10 00 0342 0317 |148 424 88 00 0928 10 0605 0594 212 889 462 00 0279 10 0808 0.706 o=
: 21 916 516 10 00 01580015 006 |85 987 836 055 10 00 0347 0324 |149 420 84 00 0921 10 0608 0595 213 938 442 00 0244 10 0811 0712 m
o |22 925 514 10 00 0133002 0063 (86 996 82 0509 10 00 0352 0332 |150 415 820 00 0914 10 0611 059 [214 993 420 00 0205 10 0814 0.719 =Ry
= |23 935 513 10 00 01180026 0066 (87 1006 87.8 0467 10 00 0357 0339 |151 411 816 00 0906 10 0614 0597 215 1055 395 00 016 10 0817 0.726 =%
T o |24 946 512 10 00 00980031 0069 |88 1016 875 0424 10 00 0362 0347 [152 407 812 00 0899 1.0 0618 0598 |216 1126 366 00 011 10 082 0.734 2=
"’% 25 957 510 10 00 00770036 0072 [89 1028 871 038 10 00 0367 0355|153 404 808 00 0892 10 0621 0599 [217 1209 334 00 0053 1.0 0823 0743 o5
g: 26 970 509 10 00 00550041 0076 [90 1040 8.7 0335 10 00 0372 0363 |154 401 804 00 0886 10 0624 0.6 218 1281 308 0015 00 10 0.827 0.752 =
%o_ 27 983 507 10 00 00330047 0079 [91 1053 82 0289 10 00 0378 0371 |155 39.8 800 00 0879 10 0627 0601 [219 1263 328 0089 00 10 083 0763 UES
S @ |28 10.2 499 10 00 00 0052 0083 |92 1068 858 0242 10 00 0383 0379 |156 305 797 00 0872 1.0 063 0602 [220 1246 347 0162 00 10 0833 0.774 ar
O = |2 95 512 10 0016 00 0057 0086 |93 1083 854 0194 10 00 0388 0387 [157 393 793 00 0866 10 0634 0603 |22] 1229 366 0232 00 10 0836 0.786 N
) 30 979 524 10 0045 00 0063 009 [94 1099 849 0144 10 00 0393 0.3% |158 39.1 789 00 0859 10 0637 0.604 (222 1215 385 0301 00 10 0.839 0.797 %m
[Tl |31 94 536 10 0073 00 0068 0094 [95 1117 845 0092 10 00 0398 0403 |159 389 786 00 0853 10 064 0605 [223 120.1 40.3 0368 0.0 10 0.842 0.809 7o
< |32 90 547 10 01 00 0073 0098 (9 1136 840 0039 10 00 0403 0411 (160 387 782 00 0846 10 0643 0606 |224 1188 421 0434 00 10 0.845 0821 =
@ |33 937 558 10 012 00 0078 0102 |97 1133 837 00 10 00190408 0419 |161 386 77.8 00 084 10 0647 0.607 [225 1176 438 0498 00 10 0848 0.833 =
@ 34 925 569 10 0152 00 0084 0106 [98 107.7 839 00 10 00810413 0428 |162 385 775 00 0834 10 065 0608 [226 1165 455 0561 0.0 10 0.851 0.845 S
Q. 3 914 579 10 0177 00 0089 011 |99 1027 841 00 10 01370418 0437 |163 384 771 00 0828 10 0653 0.609 [227 1155 47.2 0623 00 10 0.854 0.856 :
) 36 903 590 10 0201 00 0094 0114 [100 981 842 00 10 01890423 0445 |164 384 768 00 0821 10 0656 0.61 |228 1146 488 0684 00 10 0.857 0.867 R|
=) 37 894 600 10 0225 00 0099 0118 [101 940 844 00 10 02360428 0453 |165 383 764 00 0815 10 0659 0.611 (229 1137 504 0744 00 10 0.861 0.877 0]
N 38 885 610 10 0248 00 0105 0122 [102 903 845 00 10 02790433 046 |166 383 761 00 0809 10 0663 0612 (230 1130 520 0803 0.0 10 0.864 0.887 o
S 39 876 619 10 0271 00 011 0126 103 89 87 00 10 03190433 0467 |167 383 757 00 0803 10 0666 0.613 [231 1123 536 0862 0.0 10 0.867 0.8% o
< 40 8.9 629 10 0293 00 0115 0129 [104 838 848 00 10 03560443 0474 168 383 754 00 0797 1.0 0669 0614 [232 1117 551 0919 00 10 087 0905 -
o 41 8.2 638 10 0316 00 012 0133 (105810 89 00 10 03910448 048 |169 384 750 00 079 10 0672 0615|233 1119 574 10 00 10120873 0915 z ™
i 42 86 647 10 0337 00 0126 0137 [106 784 850 00 10 04240453 0486 170 385 747 00 0784 10 0675 0616 [234 109.7 572 10 00 09830.876 0.919 g
it 43 80 656 10 0359 00 0131 0141 (107 760 81 00 10 04540458 0492 171 386 743 00 0778 1.0 0679 0617 [235 107.6 570 10 00 09560.879 0.923 7
- 44 845 665 10 038 00 0136 0145(108 738 82 00 10 04830463 0497 172 387 740 00 0772 10 0682 0618 [236 1056 568 10 00 093 0.882 0.927 s W
45 840 674 10 0401 00 0141 0149 [109 718 83 00 10 051 0468 0502 |173 388 736 00 0765 1.0 0685 0619 (237 1038 566 10 00 09040.885 0.93 D
46 836 683 10 0422 00 0147 0152 (110 699 854 00 10 05350473 0506 |174 39.0 733 00 0759 10 0688 062 [238 1021 565 10 00 083 0.888 0.934 s =z
47 83 691 10 0442 00 0152 0156 [111 681 854 00 10 05590478 0511 175 39.2 729 00 0752 10 0691 0622 [239 1005 563 10 00 08560.891 0.938 "
48 80 700 10 0463 00 0157 016 |112 665 85 00 10 05830483 0515 176 394 725 00 0746 1.0 0695 0623 [240 990 562 10 00 08330895 0.942 5 3
49 87 709 10 0483 00 0162 0164 [113 650 856 00 10 06050488 0519 [177 39.7 721 00 0739 10 0698 0624 [241 976 560 10 00 08110.898 0.945 = @
50 826 7.7 10 0503 00 0168 0167 [114 636 857 00 10 06260493 0523 |178 400 718 00 0732 10 0701 0.625 (242 963 559 10 00 0.7890.901 0.949 b
51 824 726 10 0523 00 0173 0171 [115 623 857 00 10 06460498 0527 |179 403 714 00 0726 10 0704 0626 (243 951 557 10 00 0.7680.904 0.952 2 @
52 823 734 10 0543 00 0178 0175 116 610 88 00 10 06650502 053 |180 406 7.0 00 0719 10 0708 0.627 (244 940 556 10 00 0.7470.907 0956 ¢ o
53 823 742 10 0563 00 0183 0178 [117 599 859 00 10 06840505 0533 |181 410 706 00 0712 10 0711 0629 (245 930 554 10 00 0727091 0959 O
54 823 751 10 0583 00 0189 0182 118 588 859 00 10 07020508 0536 |182 41.4 702 00 0705 10 0714 063 [246 920 553 10 00 07070913 0.963 o
55 824 759 10 0603 00 0194 0186 [119 578 8.0 00 10 07190512 0539 |183 418 698 00 0697 10 0717 0631 [247 911 552 10 00 0.6870.916 0.966 3 ©
56 825 768 10 0623 00 0199 0189 [120 569 860 00 10 07360515 0542 |184 423 694 00 069 10 072 0632 [248 903 550 10 00 06680919 0.969 § o
57 826 776 10 0643 00 0205 0193 [121 561 8.1 00 10 0.7520518 0545 |185 428 689 00 0682 10 0724 0634 [249 89.6 549 10 00 06490922 0973 s R
58 828 785 10 0663 00 021 0196 [122 553 8.1 00 10 0.7680.521 0548 |186 433 685 00 0674 10 0727 0635 [250 889 548 10 00 06310925 0976 s 4
59 831 793 10 0684 00 0215 02 |[123 545 8.2 00 10 07840525 055 |187 439 680 00 0666 10 073 0636 [251 883 547 10 00 06130929 0.979 T
60 834 802 10 0704 00 022 0204 [124 538 8.2 00 10 07980528 0553 |188 446 676 00 0658 10 0733 0638 [252 87.7 545 10 00 05950932 0.983 2
61 838 8L1 10 0725 00 0226 0207 [125 532 863 00 10 08130531 0555|189 452 671 00 0649 10 0736 0.639 [253 87.2 544 10 00 05770935 0.986 =
62 842 819 10 0746 00 0231 0211 [126 526 863 00 10 08270534 0558 |190 460 666 00 0641 10 074 0641 [254 868 543 10 00 056 0938 0.989 )
~J]63 847 828 10 0767 00 0236 0214 |127 520 864 00 10 08410537 056 |191 467 661 00 0632 10 0743 0643 |255 864 542 10 00 05420941 0992
E280-7N2, Integer CIELAB hue h;, adapted CIELAB data LAB},, relative CIELAB datalab*olv,,, . of Ma-colours, elementary hue e*, standard olv-hue, h of device TLS00 )\\
1

output: no change compared to input t
L \
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BAM-reference table no. ME28 for Ma colours

Tableh*8 — LAB*Ma, lab*olvMa, €%, h*o; System: TLS18
C M Y [e]

input: w* setgray

-8 V L 0] Y M C -8
-: www.ps.bam.de/ME28/10L/L 28EO03NP.PS/.PDF; start output - /
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D) ﬁ\
\ 82
* ' * & * * * % * & * * * * 3 * * * * y* * * k
AN CoomalmaOumaima¥oma € N5 |05 Coomalma®valivaVima & M (M5 Chomalma%malimaVima € N5 (M5 CoomalmaumalimaVoma € NG k
— 0 845 572 10 00 072 0944 096 |64 77.5 840 10 0782 00 0241 0217 [128 497 867 00 10 08490541 0561 [192 288 515 00 0357 10 0746 0.693 w
Q 1 840 570 10 00 06910947 0965 [65 783 848 10 0803 00 0247 0.22 |129 492 867 00 10 08630544 0563 [193 291 509 00 0346 10 0.749 0.695 85
S 2 86 568 10 00 0662095 09071 (66 791 857 10 0824 00 0252 0.224 |130 488 867 00 10 08770547 0565 [194 294 503 00 0336 10 0.752 0.696 Sz
S 3 |3 82 57 10 00 06330953 0976 |67 800 866 10 0846 00 0257 0227 [131 484 868 00 10 089 055 0567 [195 297 498 00 0325 10 0755 0698 =
=X |4 89 565 10 00 06040956 0981 68 809 875 10 0868 00 0262 0231 [132 480 868 00 10 09030553 0.569 [196 30.0 491 00 0314 10 0759 07 Q=
Sw |5 86 53 10 00 05750959 0986 |69 819 884 10 0891 00 0267 0.234 |133 477 869 00 10 09160557 0571 |197 304 485 00 0303 10 0762 0.702 28
3 [6 824 561 10 00 05470963 0991 |70 830 893 10 0914 00 0272 0238 [134 474 869 00 10 0929056 0573 |198 08 479 00 0291 10 0765 0.704 o=
52 |7 82 559 10 00 05190966 0997 |71 842 903 10 0838 00 0277 0241 |135 472 869 00 10 09420563 0575|199 3812 472 00 028 10 0768 0706 54
== |8 80 558 10 00 04910969 0002 72 855 913 10 0963 00 0282 0245 136 469 870 00 10 09540566 0.577 [200 31.6 466 00 0267 10 0.771 0.708 —
Q8 |9 820 56 10 00 04630972 0007 |73 874 929 10 10 00 0287 025 |137 467 870 00 10 09670569 0579 [201 321 459 00 0255 10 0.774 071l of
S |10 819 554 10 00 04350975 0012 |74 875 926 0979 10 00 0292 0253|133 466 871 00 10 09790573 058 |202 326 452 00 0242 10 0777 0713 o
= |11 820 552 10 00 04070978 0017 |75 87.7 922 0943 10 00 0297 0258 (139 464 87.1 00 10 09910576 0582 | 203 332 444 00 0229 10 078 0715 33
8»_8 12 820 551 10 00 03790981 0022 [76 879 919 0907 10 00 0302 0.263 |140 463 871 00 10 10040579 0584 204 337 437 00 0215 10 0783 0.717 =
o |13 821 549 10 00 03510984 0027 |77 82 916 0871 10 00 0307 0269 [141 444 853 00 0967 10 0582 058 |205 344 429 00 0201 1.0 0786 0.72 N
S |14 83 547 10 00 03220987 0032 (78 885 913 0835 10 00 0312 0275 142 431 840 00 0944 10 0586 0591 [206 351 420 00 0186 10 0.789 0.722
T 5 |15 85 545 10 00 0294099 0037 (79 889 910 0798 10 00 0317 0281 [143 418 828 00 0921 10 0589 0595 207 358 412 00 017 10 0793 0725 =R
IO |16 828 544 10 00 02660993 0042 |80 893 906 0761 10 00 0322 0267 (144 407 8L6 00 0901 10 0592 0598 |208 366 403 00 0.54 10 0796 0.727 go
S |17 831 542 10 00 02370997 0047 |81 898 903 0723 10 00 0327 0293 |145 396 805 00 0881 10 0595 060L |209 374 394 00 0137 10 0799 0.73 ©
o 18 85 540 10 00 020810 0052 (8 903 900 0685 10 00 0332 03 |146 386 795 00 0862 1.0 0598 0604 210 383 384 00 012 10 0802 0.733 o Q
= 19 839 538 10 00 01790005 0057 (83 910 897 0647 10 00 0337 0307 |147 37.7 785 00 0844 1.0 0602 0607 211 39.3 37.4 00 0101 10 0.805 0.735 =K
20 844 536 10 00 0149001 006l [84 916 893 0608 10 00 0342 0314 |148 368 775 00 0827 1.0 0605 0609 [212 403 363 00 0082 10 0.808 0.738 o=
: 21 849 534 10 00 01190015 0066 [85 924 890 0568 10 00 0347 0321 |149 360 766 00 08L 10 0608 0612 213 414 351 00 006L 10 0811 0.741 m
o |22 85 533 10 00 0089002 0071 [86 932 886 0528 10 00 0352 0.328 |150 353 758 00 0795 1.0 0611 0614 214 426 339 00 0039 10 0814 0.744 g9
SO |23 82 531 10 00 0058002 0075 (87 941 833 0487 10 00 0357 0336 151 346 749 00 078 10 0614 0617 [215 440 327 00 0016 10 0817 0748 =
T o |24 89 529 10 00 00270031 008 |8 950 87.9 0445 10 00 0362 0343 |152 340 741 00 0765 10 0618 0619 |216 450 319 0006 0.0 10 082 0.751 23
V’% 25 874 529 10 0004 0.0 0036 0084 [89 961 875 0403 10 00 0367 0.351 |153 334 734 00 0751 1.0 0621 0622 [217 454 324 0023 00 10 0.823 0.753 Q5
g 26 8.0 539 10 003 00 0041 0087 [90 972 87.1 0359 10 00 0372 0359 |154 328 726 00 0738 10 0624 0624 218 458 329 0041 00 10 0827 0.756 =
%'Q_ 27 847 549 10 0055 0.0 0047 0091 [91 984 8.7 0314 10 00 0378 0367 |155 323 719 00 0725 10 0627 0626 [219 463 334 0059 00 10 083 0.758 Q-
S @ |28 85 59 10 0079 00 0052 0095 |92 997 863 0268 10 00 0383 0375|156 318 712 00 0712 10 063 0628 (220 468 339 0077 00 10 0833 0.761 Qar
O |20 83 58 10 0103 00 0057 0098 (93 1011 859 0221 10 00 0388 0383 |157 313 705 00 07 10 0634 0631|221 473 344 00% 00 10 0836 0764 N
) 30 813 577 10 0126 00 0063 0.102 |94 1026 855 0173 1.0 00 0393 0391 [158 309 699 00 0683 L0 0637 0.633 [222 47.8 349 0115 00 10 0839 0.767 %m
[M |31 803 586 10 0148 00 0068 0105 |95 1042 851 0123 10 00 0398 0399 [159 305 692 00 0676 10 0.64 0635|223 485 354 0135 00 10 0842 0.77 ? o
< |32 794 595 10 017 00 0073 0100 (9 1059 846 0071 10 00 0403 0407 (160 30.1 686 00 0665 10 0643 0637 |224 491 360 0155 00 10 0.845 0.773 &
QX [33 785 604 10 0192 00 0078 0112 |97 1102 839 00 10 -0.02D.408 0414 161 208 680 00 0654 10 0.647 0639 [225 498 365 0176 00 10 0848 0776 b4
@ 34 778 612 10 0213 00 0084 0116 [98 1047 841 00 10 00440413 0423 |162 295 674 00 0643 10 065 0641 [226 506 37.1 0198 00 10 0851 0.78 S
. 35 771 621 10 0234 00 0089 0119 |99 997 843 00 10 01030418 0432 [163 202 668 00 0633 10 0653 0642 [227 514 37.7 022 00 10 0854 0784 .
o 36 764 629 10 0254 0.0 0094 0123 [100 953 845 00 10 01570423 044 |164 289 662 00 0622 1.0 0656 0644 [228 523 384 0243 00 10 0.857 0.787 Rl
=] 37 758 637 10 0274 00 0099 0.126 |101 913 846 00 10 02060428 0448 165 287 656 00 0612 10 0659 0.646 [229 532 390 0267 00 10 0861 0791 192]
) 38 752 645 10 0294 00 0105 0129 [102 87.6 848 00 10 02510433 0455 [166 285 651 00 0602 L0 0.663 0.648 [230 542 397 0291 00 10 0864 0.79 o
N 39 748 652 10 0313 00 011 0133 (103 843 849 00 10 02930438 0463 |167 282 645 00 0592 10 0666 065 [231 553 404 0317 00 10 0.867 0.8 ]
< 40 743 660 10 0332 00 0115 0.136 |104 813 80 00 10 03320443 0469 168 281 640 00 0582 10 0669 0.652 [232 564 411 0343 00 10 087 0805 -
o 41 739 668 10 0351 00 012 014 |105785 81 00 10 03680448 0476 [169 279 635 00 0573 10 0672 0653 [233 57.6 418 0371 00 10 0873 08L M
M 42 736 675 10 037 00 0126 0143 |106 760 83 00 10 04020453 0482 [170 27.7 629 00 0563 L0 0675 0.655 [234 590 426 04 00 10 0876 0815 8
- 43 733 683 10 0383 00 0131 0.146 |107 736 854 00 10 04330458 0488 171 276 624 00 0554 10 0679 0.657 [235 60.4 435 043 00 10 0879 0821 T
- 44 730 690 10 0407 00 0136 015 |108 715 854 00 10 04630463 0493 [172 275 619 00 0544 10 0682 0.659 [236 61.9 443 0462 00 10 0882 0.826 s W
45 728 697 10 0425 00 0141 0153 [109 695 85 00 10 04910468 0498 173 274 614 00 0535 10 0685 0.66 |237 636 452 049 00 10 0885 0833 i >
46 727 705 10 0443 00 0147 0156 |110 67.6 856 00 10 05180473 0503 174 27.3 609 00 0526 L0 0.688 0.662 [238 654 462 0531 00 10 0883 0.839 5 =
47 725 712 10 0462 00 0152 016 |111 659 87 00 10 05430478 0508 [175 27.3 604 00 0517 10 0691 0.664 [239 67.3 472 0569 00 10 0891 0846 "
48 725 719 10 048 00 0157 0.163 |112 643 88 00 10 05670483 0512 [176 272 599 00 0507 10 0695 0.665 [240 69.4 483 0608 00 10 0895 0853 5 3
49 724 726 10 0498 00 0162 0.166 |113 629 88 00 10 059 0488 0516 [177 272 593 00 0498 10 0698 0.667 [241 71.6 495 0651 00 10 0898 0861 = @
50 724 734 10 0516 00 0168 017 |114 615 89 00 10 06120493 052 [178 272 588 00 0489 10 0701 0.669 [242 741 507 0696 00 10 0901 0.869 B
51 725 741 10 0534 00 0173 0173 [115 602 8.0 00 10 06330498 0524 |179 27.2 583 00 048 10 0704 067 |243 768 520 0744 00 10 0904 0.877 3 R
52 726 748 10 0552 0.0 0178 0176 [116 500 860 00 10 06530502 0528 |180 27.2 578 00 0471 1.0 0708 0672 244 797 534 0797 00 10 0907 0.886 : o
53 728 755 10 057 00 0183 018 [117 579 8.1 00 10 06720505 0531 |18L 27.3 573 00 0462 1.0 0711 0674 [245 830 550 0853 0.0 10 091 0895 I
54 729 763 10 0589 0.0 0189 0183 [118 569 8.2 00 10 06910508 0535 |182 27.3 568 00 0453 1.0 0714 0675 246 865 566 0914 00 10 0913 0.904 o
55 732 770 10 0607 0.0 0194 0186 [119 559 8.2 00 10 07090512 0533 |183 27.4 563 00 0443 1.0 0717 0677 [247 919 590 10 00 10090916 0.915 3 O
56 735 778 10 0626 0.0 0199 019 [120 550 8.3 00 10 07260515 0541 |184 27.5 558 00 0434 10 072 0679 [248 90.8 588 10 00 09750919 092 § Q
57 738 785 10 0644 00 0205 0193 [121 541 863 00 10 07430518 0544 |185 27.6 553 00 0425 1.0 0724 068 [249 898 586 10 00 09410922 0.925 s @
58 742 793 10 0663 00 021 0196 |122 534 864 00 10 076 0521 0546 [186 27.7 548 00 0415 10 0727 0682 [250 838 584 10 00 09080925 093 5 =
50 746 800 10 0682 00 0215 02 (123526 8.4 00 10 07760525 0549 |187 27.8 542 00 0406 1.0 073 0684 [251 879 582 10 00 08750929 0.935 A
60 751 808 10 0702 0.0 022 0203 (124 519 8.5 00 10 07910528 0552 |183 280 537 00 039 10 0733 0686 [252 87.1 580 10 00 08430932 094 2
61 756 816 10 0721 0.0 0226 0206 [125 513 8.5 00 10 08060531 0554 |189 282 532 00 0387 1.0 0736 0687 253 864 57.8 10 00 08120935 0.945 =
62 762 824 10 0741 00 0231 021 [126 507 8.6 00 10 08210534 0556 |190 284 526 00 0377 10 074 0689 [254 857 57.6 10 00 07810.938 095 )
~J63 768 82 10 0761 00 023 0213 |127 502 866 00 10 08350537 0559 (191 286 521 00 0367 10 0743 0691 [255 851 574 10 00 075 0941 0.955
E280-7N4, Integer CIELAB hue hv, adapted CIELAB data LAB}, , relative CIELAB datalab*olv,,, . of Ma-colours, elementary hue e*, standard olv-hue, h¥ of device TLS18 )\\
1
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output: no change compared to input -
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www.ps.bam.de/M E44/10L/L44EOONP.PS/.PDF; start output

N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

70.

2 7064 -3654633
LAB*TCHa 50.0 73 14 119.98
relallveCIELA
lab*lab 0.68 —04990866
lab*tch 05 10 0333
lab*nch 00 1.0 0.333
relative Natural Colour (1N80§£l8

P b
nceE 00 1.0

lab*tch 0.5
lab*nch 0.0

_,
o
—g *
%ég
orx
m
—

00O 00O

1 %%'6

LAB*TCHa 50,0 54.3
relaIlveCIELAB ab
lab*lab

0.5
0 5
P i
* ncE

Test chart ME44: Elementary colours RIGB’ (prim

LAB*TCHa 50.0

re|at|ve CIELAB lab*

lab*lab  0.935 -0.11 0.994
1.0 0268

QD
oO~NNQ RO OT
NN cooo

w

3
LAB* TCHa 50.0 76 29 68.82
relallveCIELA
lab*lab 0661 0361 0.932
lab*tch 05 10 0191

1.0 0.268

Iab*nch 00 1.0 0191
ative Natural CoIour (
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roximation of elementary and intermediate colours (8 colours); Device dependent colour coordinates cmyn* ORSL18 as transfer input; individual colour calculation without hue tables

MES00-7. Aii imati

eR Transfer via: cmy0* ORSL8 setcmykeol or

(7

dde ({72
BoJ Ve \\\/

SWRISAS I011uowW Jo eulid Jo Jusweinsesw Joj uoiedl|dde

Tabed ‘T RUES '9/T Wiod AYIN/

T :unoo Bfed

eleyi=epod (eleleW ANVd d4dd’/Sd'dN003 1/10T/773 N-TOTOS00C Uolelis!

\\)J

Approximation: 4 Elementary and 4 intermediate colours output: no change compared to input
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www.ps.bam.de/L E36/10L/L 36EOONP.PS/.PDF; start output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

elative Inform. Technolo IT
Ivi3* 0.0 gy( %)g

dat|ve|nform Technol IT elative Inform. Technolo 1T
0.0 ogy( 2); Ivi3* 0.0 gy(l%)g

PRO
ocoo

Oo
m o«
s
oo

.05 .11
.25 .5 0788

elative Inform. Technol IT
Ivi3* 00 05 ogy( 2)

. 0.0 3* 1.0 0.5 0 0
1. 1. é.s 3 ?\AVE* 00 05 10
. 05 mynd* 1.0 05 0.0
Ktandard and adapted CIELAB Standard and aday standard and adapted CIELA
AB*LAB  34. -31.22 18.12 AB*LAB 38.32 -15.05-21.6 AB*LAB 4217 041
B*LABa 3446 -314 17.48 B*LABa 3832 -15.16 -22.5 B*LABa 42.17 0.38
AB*TCHa 25.01 3595 150.91 AB*TCHa 25.01 27.14 236.02 AB*TCHa 50.0 44.71

0.213 -0.436 0.243 0 262 —0 278 0 414
ab*tch 0.25 0 5 0.419
ab*nch 0.5 0.419
elatlve NaturaJ Colour&aca

025 0

elatlvelnform Technology (1 elative Inform. Technol IT relative Inform. Technolo T
olvi3* 00 10 00 gy( olvi3* ?8 10 ogy(g 2); olvi3* 00 10 oogy((l)é

. .0 1.0 .0
.0 0. mynd* 1.0 myn 0.0 00
standard and adapted CIELAB standard and aday standard andad edCIELAB
AB*LAB 509 -62.9536.7 . . . LAB*LAB 58.62 -30.61 -42.73
AB*LABa 50.9 -62.81 34.95 LAB*LABa 58.62 -30.33 —45.01
AB*TCHa 50.0 71.89 150.91 * . . LAB*TCHa 50.0 54.29 236.02
elative CIELAB lab* laby relative CIELAB lab*
ab*lab .425 -0.873 0.486 ab*lab 0.4 . . lab*|ab 0.525 -0.558 -0.828
ab*tch .5 1.0 0419 *tch . 10 051 lab*tch 05 1.0 0 656
ab*nch 0 10 0419 . X . Jab*nch 0.0
elative Natural Colour (NC j\/ relative Natural Colour N
* 1425  -0.916 0.398 ab*Irj 1475 -0.978 —0.2 lab*[rj .525 —0 651 —O 757
. 1. 0.435 vice . 9 . tce . 0.63

LE360-7, Test chart file with 3x3x3 (=27) colours; Device dependent colour coordinates olv3* of ISO/IEC 15775:1999 asinput; r3* = 03* = 0.0 = const.

BAM -test chart no. LE36; Offset reflective system (ORS18) input: olv3* setrgbcolor
27 coI oursinCl ELAB and three relative dew ce systems (DS) output: no change compared to input
L Vv

(7

dde ({72
foJ v \\\/

SwiRls/s Joyiuow Jo Bund Jo Jusweinseaw Joj uoiedidde

4dd’/Sd'dN0039€71/710T/9€3 1-T0S0S00¢ -Uo eS|

Tebed ‘T/T RS '/ wiod 9EI T

T 2unoo afed

'

\kyJ eleyI=epod (elekw NV

8THSO 10 (+EA 4] '0) = «qB1 = 4EA|O 10} SIN0J0ID 6 10} BIEP 21418WII0J0D JUdeAINbT :2'a a|qeL

g9 ‘. .Y SInojoo Areluawad ay) Ajerewixoidde are A “7 ‘A ‘O SINOJ0I dISeq INOoJ 8y L ‘STHSO WalsAS

92IA8P 8U1 JO SIN0J09 (T—C ‘C—0) SleIpawIalul OM] pue dIseq XIS JO elep L18WL0j0d Jus[eAinba €T SMoys T'q a|qeL

wva >< Buipoou3 abew| 1nojod (S5002) «ael gv1d pue (LIDY) ABojouydal abew) 1nojoD aAlejey



04/8S

8TdSO

Wia1SAs 221nap Yl JO (xEA 4&] ‘'G*0) = «qbBJ = 4EAJO 10} SINOJ0D 6 10} BIEp J1118WII0|0D JuajeAinba €T smoys £°Q a|qeL

T'T=01 ‘T'Z UOSIA apweqsd'MMM//:dnH :UOITRLIOJUI [EDIULDS |

7

/9€71/op"Weq'sd MMM//:d1Y 'S3|1} | ILU'S JO} 39S ﬁ\

v L o] Y
www.ps.bam.de/L E36/10L/L36EOINP.PS/.PDF; start output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

dallvelnform Techno IT
Vi3* 05 OQY( 2)3

i_

dative CIELAB lab*
ab*lab 0.195 0497
ab*tch .

. 5 05 0027

00 05 05
tandard and adapted CIELAB S
LAB 54 AB*LAB 56.7 .
B*LABa 56.71 0.0
AB*TCHa 50.0 0.01

relative nform. Technology T
i3* 05 10 2)
0.0
4c 05 0. | ) (%'8
cmyn. . . cmy!
standard and aday standard and ad
LAB*LAB  70.6. LAB*LAB 731
LAB*LABa 7315
LAB*TCHa 500 73.13 119.98 LAB*TCHa 750 3595 150.91
relative CIELAB lab* relative CIELAB lab*
lab*lab 0.68  —0.499 0.866 lab*lab 0.7.
lab*tch 05 :L 0 O 333 lab*tch
lab*nch 0.0 0.333 lab*nch
relative Natural CoIourS%\lca relative Natural Colour %Ngcg
8 8 5 ab* .712
133

lab*Irj ]
lab* tc 075 0. 5

lab*tce
lab* ncE OO 1.0 lab* ncl 0.0 0.5

LE360-7, Test chart file with 3x3x3 (=27) colours; Device dependent colour coordinates olv3* of ISO/IEC 15775:1999 asinput; r3* = 03* = 0.5 = const.

input: olv3* setrgbcolor

BAM -test chart no. LE36; Offset reflective system (ORS18)
27 coI oursinCl ELAB and three relative dewce systems (DS)

&fo

elatlvelnform Technolo IT
i3* 05 gy( 2)}

elative Inform. Technol 1T

olvi3* 05 05 ogy( 2)
O 0 0.0
1.0 0

00 00

relative Inform. Technolo T
vi3* 05 10 gy(%?)

cmynd* 0.5
standard and ad ted CIELAB
LAB*LAB 77.01 -158 -18.98
LAB*LABa 77.01 -15.16 -22.5
LAB*TCHa 75.0 27.14 236.02
relative CIELAB lab*
lab*lab 0.762 -0.278 -0.414
075 05  0.656
00 05 0.656
relative Natural Colour (NC)
ab*Irj 0.762 -0.325 -0.378
lab*tce 075 05 0637
lab* ncE 0.0 0.5 g54b

N,

z@ebed ‘T/T RS ‘g/c wiod 9EI T/

Z unoo afied

SWwiels/s Jojiuow Jo eud Jo JusweInseaw Joj uoieol|dde

fol NVg K&J/

4dd’/Sd'dNT039€1/710T/9€3 1-T0S0S00C :Uoles|

\\y B)eYI=op02 : RLRRW N\ Y]

I

output: no change compared to input
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elative Inform. Technology (ITZ_J
olvi3* 10 05
0.5 10 0

0.0

7411
7112
68.82

0.932

relative Inform. Technology (
olvi 33* 0.8 (1)8 0.0

c

e, 10 18

cmyn .
standard and ad

LE360-7, Test chart file with 3x3x3 (=27) colours; Device dependent colour coordinates olv3* of ISO/IEC 15775:1999 asinput; r3* = 03* = 1.0 = const.
BAM -test chart no. LE36; Offset reflective system (ORS18)
27 col oursinCl ELAB and three relative dewce systems (DS)

v L o] Y
www.ps.bam.de/L E36/10L/L36E02NP.PS/.PDF; start output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

elative Inform. Technol IT

olvi3> 10 05 O.gg)I(l.%)

05 (0.0

05 .0

/ X . 05 00
standard and adapted CIELAB
AB*LAB 7167 3215 28.

B*LABa 71.67 32.69
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Table D.5: Equivalent colorimetric data for 25 colours for olvg* = rgh* = (0,0, I5*, v53*) of OSR18

'

BAM materia: code=rhadta ﬁ\\
Page: count: 1

/LE39/ Form: 1/5, Serie: /1, Page 1

application for measurement of printer or monitor systems

f§ BAM registration: 20040901-L E39/10L/L 39EQONP.PS/.PDF

)

]

J0jooghupEs LA Indul

@sd 0T 00  FuLe
1690 0T G0  SdLGel
1510~ 7590~ 5250 Diael

20962 62¥S 003 BHOL.EV]
T0Gy- EE0E- 2985 eaVI.av1
€12v- 1906~ 2985 avl.avi
91315 padepe pue prepues
00 00 00 OT wuAw
0T 0T 0T 00 .who
(00) 00 00 0T .Euuo
©T 0T 0T 00 .£hp
(L) ABojouLpe L wiioju | AR

66950 0T 00 Ul
6690 0T S0 LGl
1460~ 9TE0-_BIV0 GBIl
2| §Y 1310 3Rl

€SS2 €27 008 BHOL.EY]
Sgvp- 86T~ V05 eavI.avl
€TEY- TSI v05 aviavl
Y1310 perdepe pue pepuess

©1) 0T S0 00 .£mo
(L) ABOIOULDS L “WI0ju | 3A IR

G 0T Q0 Tl
60,0 0T S0
9960~ 1520~ 2IED hj.qe|
(ON) 1n0j0D) [ INIeN aATER
0 0T 00 tpuge|

©D 0T S0 00 .£no
(L1) ABoiouyod L

U0 =

A1 8Y 1310 3N IER)

SOETZ 6857 009 BHOL.GV]
2052~ SyeE- 6995 EAV.EV]
1822 188~ 699  AV1.av1
8v1310 perdepe pue prepues
00 SZ0 00 OT .puiw

©D S0 0T 00 Eno
(L1) ABojouys L “wioju | aniiep

ITZe- £82c- 1v8y vyl
81310 poidepe pue prepues
SZ0 00 00 SLO A
S0 0T 0T SZ0 .wnp
(00) s20 SzO 0T .ewluo
©1) S0 S0 00 .£no
(L1) ABojouLis 1 “wi0u | 3tz

gv1310 pordepe pue prepues
00 S0 00 0T wuiw

©D S0 0T 00 .&no
(1) ABOJOULRS | "WI0JU | BATE R

160 S[0 SIEQ

azd aron o 3
LTE0- 8/90- B9ED [

B
g
g
3
258

A2l 8Y 1310 anep)
£0V0Z 18EE TS/E BHOL.EV1
9LET- /806~ YS9y AVEv]
£21- 2606~ 59y Gv1.8v1

V1310 pordepe pue prepues
S20 SZ0 00 SLO «puAwo

©OT) S0 S/0_ 00 gm0
(L) ABOIOULS L "1 10ju | AR

1STe- TEL- STOv 8V 1.8V1

Y1310 poKdepe pue prepues
S0 00 SZ0 SLO .o
G0 0T SL0 SZO0 o
(o DW G20 S0 0T .gulwo
(0T) SL0 S0 00 .Eho
U 485

V6EP- 65T S6TE  EV1.8v]
gv1310 peidepe pue prepuess
3% 8 &5 0o e

3 !

(00) 00 S0 0T Juku
@1 0T 520 00 .£wo
(L1) ABojouyos L

a0 S0 G20 Ul
€70 IO SIEQ  e0LGel
99,0~ 2900~ T8L0 Dl

80 S0 G20 WUl
180 SLO S£0 WL
6200~ PITO T8I0 (el
G| §V 1310 3R
6EE8C 6EVE 1SLE BHOL.GV]
SPEe- /6L 202 eav1.avl
1676~ 28 20cE avl.avi
87131 pexdpe pue prepUess
20 00 S0 SLO U
G0 0T G0 SZ0 A0
o,ow SZ0 G0 0T «£uwn
0D S0 SZ0 00 .Ewo
(L) 4B

519 0T 00  3oudel
880 0T S0 @Gl
60~ ¥eZ0 0 DIl
(ON) 4n0joD [eanTeN aARER
480 0T 00 WUl
180 0T 50 WLl
8180~ €50  TO el
021 8Y 1310 3RRI

9v1310 poidepe pue prepuess
00 00 0T 0T wuiwo

©1 0T 00 00 .£no
C:Se_a._ﬁﬁ

68~ 18 g6 aviavl
81310 poKdepe pue prepLes
S20 00 S0 SLO wuAw

(@) 818 Jo (S) dniess ‘() 8|14 urerep (10) uoieziesul INdinO ON N

9Te-S0ST- 2888 Av1.av1
81310 podepe pue prepues
S0 00 00 S0 A
now S0 S0 0T €Ul

S0 G0 00 .£no
(11) ABOJOU | "W 0ju | AR

02z-_ ov0 600 avi.avi
81310 paidepe pue piepuers
S0 00 520 SO A
ovow S0 S0 OT .U
0T) S0 520 00 “.enp
C:?s;ﬁ»éa.c_g_ﬁ!

610 G50 SO
870 50 20

@Y1313 pordepe pue pEpUES
S0 00 SO SO AW

(1) ABOjoUY3 | "I i0ju | ARERI

60 0T 00 3.l
80 0T S0 SoLGel
9CT0 1660~ 6v0  lil.Gel

(ON) Jnojog feanieN aneps
850 0T 00  Wu.gel
850 0T S0 Ungel
V9708960~ Y0 Gel.del

A1 871310 3ARR)

G131 paIdepe pue prepuess
00 SL0 00 0T wuo
0T SZ0 0T 00 4o

©0) S0 00 0T .guiwo
©1) SZ0 0T 00 .enp
(L1) ABojoupe | “wiioju | snnepl

S0 G0 SIEQ LRl
006v,0- E0  Dil.ge|

S0 S0 QT &0 o
©00) sL0 Sc0 0T .euiuo
©T) §20 S0 00 .ewo
(L1) ABojouye | ‘W ioju | aAmeps

ged S0 S0 3ougel
2650 S0 S0 e0LGel
6600~ 6870~ LECO ]Gy

(ON) 4n0j0D) [eINTeN 3ATeR)

€LT-VTEC- 6E%E  Gv1.av1
@Y 1310 podepe pue prepues
S0 SZ0 00 SO U0
Mm,o S0 S0 0T .£uuo
T) S20 S0 00 .np
(L1) ABojouyoe L “woju | aAneps

ayed Sz0 S0 3o
890 6Z0 SCTO 8oLl

8v 1310 podepe pue prepUes
£ 80 99 &8 e
Mod S0 S0 0T .guAwo
QT) S0 S20 00 ".ewo
(11) ABojouyde L “wioju| anmep)

10 G20 GL0  3NGel
83,0 GC0 SZT0  aogel
220~ 6500 G200 Diael
(ON) JnojoD fenieN aAmep.
480 SZO SO WU
V80 G20 SZTO  WLgel

8v1310 pardepe pue paepuers
S0 00 SZ0 SZO .o

©1) S20 00 00 .£np
(1) ABojouys L ‘wioju | aniep)

Eam 101 pasedwiod mmcmﬁo ou :indmno Amon_v SWRISAS 801nap w> e pJ 89y} pue mz_<._m_ D UISIno _ooumNH
(SHO) wesAs aAne|Jpl BSHO ‘637 "OU Meyd 1s9)- I\ vd

00 = +€0 = »€4 INduI'Se BBET'SLLGT DTI/OS | JO ¥EAIO SITRUINIO0D NOJOD JUBPUBTBP 391AQ 'SINDJ0I (SZT=) GXGXG UMM 3|1} LIeyd 191 */-06€31

0T 00 3.l

S0 0T S0

8660 9160~ zv0  l.gel
(ON) nojo3 feinieN aneps

610 0T 00  wu.ge

61V0 0T S0 Wnge

9BY0 £/80- 20 GRl.e|

gv1310 pexdepe pue pIepuers
00 0T 00 0T wuiwo

@1 00 0T 00 .£np
(11) ABOjoULP | “w 10} SATER )

T2 60y~ 892y Y 1.8V1
8Y 131D pexdepe pue prepuers
SZ0 SL0 00 SLO o
SL0 S20 0T S20  spho
(00) 0T S0 0T .guuo
©T) 00 S0 00 A0
(L1) ABOIOULRS | ‘Wi 0JU | AR RS

IS8T Z2TE- 9yvE  aY1.8v1
Y1313 podepe pue prepuUes
S0 S0 00 S0 .o

QT) 00 S0 00 .£M0
P:E%ESFESEQEE

BeLl SZ0 SL0 ULl
SErO SC0 SCTO  edel

S0 SZ0 00 G20 s

T 00 S20 00 ".£wo
(L1) ABOjouLD® | "wi10ju | aAte R

=00 0T 3o
- 00 00 g
09 00 00 Tl
N) IN0joD) [enTeN aAnERI
00T ULl

00 00 2081 E@VI.Ev]
0~ S0 2081 @vl.avl
Y1310 poidepe pue prepuers
0T 00 00 00 W
00 0T 0T 0T 4o
(00) 0T 0T 0T .guiuo
@1 00 00 00 .£np
(L1) ABojouysa L ‘wioju| AieR1

ﬁe:o VIS ‘40d'"/Sd'dNOO36€E 1/10T/6€3 4\%.5333»\,;

9-
T

.

&U/

See for similar files: httﬁ://www.psbam.de/L E39/
Technical information: http://www.ps.bam.de Version2.1,i0=1,1

]

Table D.5 shows 13 equivalent colorimetric data for 25 colours for olvs* = rgh* = (0,0, I5*, v3*) of the device system

OSR18.

125 colours of the device systems ORS18, see the URL (5 pages, 270 kByte)

http://www.ps.bam.de/LE39/10L/L39EOONP.PDF

For the colorimetric data of 5x5x5
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Annex E:
Transformation from lab*olv = olv3* to LAB*,,, data
Annex E shows hue h*,g indexed tables for the transformation from lab*olv = olv3* = rgb* to the adapted CIELAB
data LAB*LCH)y,,. The tables are the inverse of the tables in Annex C. In Annex C for a CIELAB integer hue h*gin the
range [0,255] the olv-hue value h*,in the range [0, 1] is calculated.

The tables of this Annex E will allow to determine for an integer olv-hue h*,g in the range [0, 255] the CIELAB hue
value h* in the range [0, 1].

Similar tables of this Annex E will allow to determine for an integer elementary hue e*g in the range [0, 255] the
CIELAB hue value h* in the range [0, 1].

In application for an integer olv-hue h*.g in the range [0, 255] the adapted CIELAB data LAB*LCH,,, and the
lab*olvy,, data of the Maximum colour M, are given by the Table E.1.

Table E.1: Integer CIELAB hue h*,5, LAB*,, and lab*olvsy,, €%, h* for the system ORS18a
to be calculated

Table E.1 is an integer olv-hue h* g indexed table in the range [0, 255] and one inverse table of Table C.1.

Table E.2: Integer CIELAB hue e*g, LAB*,, and lab*olvy,, h*, h*, for the system ORS18a
to be calculated

Table E.2 is an integer elementary hue e*g indexed table in the range [0, 255] and another inverse table of Table C.1.

For any given three data lab*olv3 = olv3* = rgb* of a given colour F, the three corresponding data for the Maximum
colour M, must be calculated. Therefore in a first step the olv-hue h*; must be calculated for the given colour F,. The
colours F, and M, have the same olv-hue h*, and the same integer olv-hue h*.

X ga = lab*o3p, cos 30 - lab*l;e, cos 30
Y ga = — lab*vgp, + lab*05¢, sin 30 + lab*l;e, sin 30
h*,ra = atan (X ga/ Yea ) / 360
h*s = "W*ora = h*oma
h*.g = 255 h*,
The integer olv-hue h*,g indexed Table E.1 shall be used to determine for any integer hue h*,g the adapted CIELAB

data LAB*LCH,,, and the lab*olv),, data of the Maximum colour M,. This is the basis for the calculation of for
example the chromaticness c* and blackness n*.

The integer elementary hue e*gindexed Table E.2 shall be used to determine for any integer elementary hue e*g the
adapted CIELAB data LAB*LCH,,, and the lab*olvy,, data of the Maximum colour M, This is the basis for the
calculation of for example the chromaticness c* and blackness n*.
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VA Relative Colour Image Technology (RCIT) and RLAB lab* (2005) Colour Image Encoding

Annex F:
RLAB lab* (2005) and ICC profile

NOTE: A method to produce ICC profiles for the RLAB lab* (2005) image encoding shall use the following table data.

Table F.1: OLV-5x5x5 cube calculated for linear relation lab*olv - LAB*LCH, of ORS18a.

Q
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Table F.1 shows the olv-5x5x5 cube calculated for the linear relation lab*olv - LAB*LCH, of the device system
ORS18a. The three olv*; values change in steps of 0,25 = 1/4 in the sequence v*3, I*3, and 0*;. The olv-hue angle
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H*, and the adapted CIELAB data LCH*, are given in the Table F.1. The three rectangular data olv*; form a
rectangular OLV-5x5x5 cube. Similar data for a OLV-8x8x8 and a OLV-16x16x16 cube are given in Tables F.2 to F5

Table F.2: OLV-8x8x8 cube calculated for linear relation lab*olv - LAB*LCH, of ORS18a.
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512) colours; Device dependent colour coordinates olv3* of ISO/IEC 15775:1999 as

BAM-reference table no. ME39 for OLV-8x8x8 colours

Tablelab*olv — H*o, LAB*LCHa;
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Table F.2 shows the olv-8x8x8 cube calculated for the linear relation lab*olv - LAB*LCH, of the device system
ORS18a. The three olv*; values change in steps of 0,143 = 1/7 in the sequence v*;, I*;, and o*; for the colours n =0
to 127. The olv-hue angle H*, and the adapted CIELAB data LCH*, are given in the table.The three rectangular data
olv*; form a rectangular OLV-8x8x8 cube. For the six device systems ORS18a, TLS00, DRSXX, TRS18, SLS00,

63/70
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SRS18 and an olv-8x8x8 cube the tables are at the URL (6 pages, 160 kbyte)
http://www.ps.bam.de/ME39/10L/L39EOONP.PDF

Table F.3: OLV-8x8x8 cube calculated for the relation lab*olv - LAB*LCH, of ORS18a.
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512) colours; Device dependent colour coordinates olv3* of ISO/IEC 15775:1999 as

BAM-reference table no. ME39 for OLV-8x8x8 colours

Tablelab*olv — H*0, LAB*LCHa; System: ORS18a
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Table F.3 shows the olv-8x8x8 cube calculated for the linear relation lab*olv - LAB*LCH, of the device system
ORS18a. The three olv*; values change in steps of 0,143 = 1/7 in the sequence v*3, I*5, and 0*; for the colours n =
128 to 255. The olv-hue angle H*, and the adapted CIELAB data LCH*, are given in the table. For the six device
systems ORS18a, TLS00, DRSXX, TRS18, SLS00, SRS18 and an olv-8x8x8 cube the tables are at the URL (12
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Table F.4: OLV-16x16x16 cube calculated for the relation lab*olv - LAB*LCH, of ORS18a.
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Table F.4 shows the olv-16x16x16 cube calculated for the linear relation lab*olv - LAB*LCH,, of the device system
ORS18a. The three olv*; values change in steps of 0,067 = 1/15 in the sequence v*5, I*5, and 0*; for the colours n =
0 to 127. The olv-hue angle H*, and the adapted CIELAB data LCH*, are given in the table. The three rectangular
data olv*; form a rectangular OLV-16x16x16 cube. For the six device systems ORS18a, TLS00, DRSXX, TRS18,
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SLS00, SRS18 and an olv-8x8x8 cube the tables are at the URL (96pages, 3,4 Mbyte)
http://www.ps.bam.de/ME41/10L/L41EOONP.PDF

Table F.5: OLV-16x16x16 cube calculated for linear relation lab*olv - LAB*LCH, of ORS18a.
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Table F.5 shows the olv-16x16x16 cube calculated for the linear relation lab*olv - LAB*LCH,, of the device system
ORS18a. The three olv*; values change in steps of 0,067 = 1/15 in the sequence v*5, I*5, and 0*; for the colours n =
3840 to 4095. The olv-hue angle H*, and the adapted CIELAB data LCH*, are given in the table. The three
rectangular data olv*; form a rectangular OLV-16x16x16 cube. For an input of the olv-16x16x16 cube colour data the
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colour output shall be measured, see a file at the URL (16 pages, 290 kbyte)
http://www.ps.bam.de/LE29/10L/L29EOONP.PDF

This Technical Report and this Annex does not specify how to create the ICC profiles for the different applications.
The normal procedures can be taken to make the appropriate Lookup Tables, for example for 16x16x16 colours.

For a linearized device the Tables for 5x5x5 = 125 or 8x8x8 =512 or 16x16x16 =4096 colours give for the device data
lab*olv = rgb* the appropriate adapted CIELAB data LAB*LCH,, which have a linear relation to the standard CIELAB
data LAB*LCH according to Annex A.

One may use for example the file

If a similar table has been measured for the same device, then the table data for the eight basic colours are the
same and there are usually deviations for the intermediate colours.

With two Lookup Tables
rgb* — LAB*
rgb — LAB*utput
one can produce for the same LAB* data a new Lookup Table
rgb — rgb*
which linearizes the output device in the CIELAB space if used internally, compare the method for output
linearization with relative CIELAB data lab* according to ISO/IEC TR 19797.

Without using ICC profiles another method for output linearization is the use of appropriate PostScript code in the
Start-up Directory of the software Adobe Acrobat Distiller. This allows to produce the same output, compare the
method for output linearization with relative CIELAB data lab* according to ISO/IEC TR 19797.

Without using ICC profiles the method of this Technical Report may be used to produce the same output for
equivalent colorimetric data. The use of appropriate PostScript code in the Start-up Directory of the software
Adobe Acrobat Distiller is one possibility to produce the same output, compare the method for output linearization in
relative CIELAB according to ISO/IEC TR 19797.

The method of this Technical Report may be used for rendering or re-rendering for company or user specific needs
without using ICC profiles or in combination with ICC profiles.

The RLAB lab* (2005) ICC profile according to this Technical Report is an instance of the RLAB lab* (2005) color
image encoding. It may be included in software applications and in ISO/IEC-test chart files.

Example profiles may be downloaded from
http://www.ps.bam.de

The RLAB lab* (2005) ICC profile is constructed as follows, using the ICC Profile Format:
NOTE: The following section needs a lot of corrections to be specified later. There may be families of ICC data.
Specification, Version 3.4,1997. ??7?
Specific header fields shall be set as follows:
Preferred CMM = RLAB ???
Specification version = 2.1.0 ???
Profile class = mntr ???
Color space = RGB ???
PCS space = XYZ ???
PCS llluminant = f6d6, 10000, d32d (all values are hexadecimal) ???
The ASCII part of the desc tag shall be set to RLAB lab* (2005) ?7??
The cprt tag shall include Copyright RLAB lab* (2005)
The rXYZ tag shall be set to 9¢18, 348d, 2631 ???
The gXYZ tag shall be set to 4fa5, a02c, 102f ???
The bXYZ tag shall be set to 04fc, 0f95, be9c ???
The wtpt tag shall be set to 351, 10000, 116cc ???
The rTRC, gTRC, bTRC tags shall specify a gamma curve using a gamma value of 0233 ???
Other required fields shall be set according to the ICC profile specification. ???
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Annex G:
Practical tolerances for output of RLAB lab* (2005)-encoded data
This Annex His preliminary and needs further corrections
Remarks on tolerances in CIELAB and RLAB
No tolerances are specified in RLAB lab* (2005) Color Image Encoding up to now.

The tolerances may be based on geometric differences in the double cone space NCCS. The three rectangular or
circular coordinates RLAB lab*tab or lab*tch may be used.

ISO/IEC 15775:1999 specifies in Annex G a mean tolerance of 3 CIELAB for the colour difference between the
original and a colour copy for the 14 chromatic CIE-test colours and the five achromatic colours.

In section 4 of this Technical Report the reference conditions for RLAB lab* (2005) are defined. This section may
provide tolerances for output on printers and displays.

It is important to make a distinction between the RLAB lab* (2005) Color Image Encoding as a reference encoding
and any physical device approximating this encoding. As a reference encoding, the RLAB lab* (2005) Color Image
Encoding is exact, with no tolerances or variations in color appearance.

However, physical devices will usually exhibit variations from an ideal design specification for a number of reasons.
Thus, an RLAB lab* (2005)-compatible device is one that sufficiently approximates the reference RLAB lab* (2005)
Color Image Encoding within acceptable tolerances so that users may approximate an accurate view of RLAB lab*
(2005) encoded images.

By definition for an RLAB lab* (2005) encoded image when viewed across a range of devices, all within accepted
tolerances, the output may appear very different on each device. Of course, the most accurate color reproduction
occurs when devices exactly match the reference. If the output gamut is for all hue larger compared to the input
gamut a absolute colorimetric reproduction is possible. This kind of reproduction is not intended in this Technical
report. This Technical Report likes to fill the available output gamut with for the output colours.

By definition the hue and relative chroma remains constant for the relative reproduction of this Technical Report.
Therefore within a hue triangle the triangle lightness t* does not change but the relative CIELAB lightness I* and the
standard CIELAB lightness L* may change a lot.

Parameter Tolerances for viewing RLAB lab* (2005)-encoded data on a calibrated device system:
Device System White W

The white luminance should be within the range 100 to 400 cd/m?. It is assumed that additional re-rendering will be
required for luminance levels outside this range.

Luminance contrast ratio
The luminance contrast ratio should be within the range 2 : 1 to 200 : 1.
Device System Black

The black colour luminance level is limited only by the above restrictions on the display white point luminance and
contrast ratio.

Color space data
The standard CIELAB data LAB* LCH are used for all absolute comparisons.

The 14 CIE-test colours according to CIE Publication 13.3 may be used for the absolute comparisons. The
comparison method is described in Annex G of ISO/IEC 15775:1999 and in Annex G of ISO/IEC TR 24705:24705

The relative CIELAB data lab*tch are used for all relative comparisons.

The 14 CIE-test colours according to CIE Publication 13.3 may be transferred for the different viewing situations,
compare the transfer of basic Colours in Annex A for different viewing situations. The method described in Annex G
of ISO/IEC 15775:1999 and ISO/IEC TR 24705:24705 shall be modified for the relative comparisons

Ambient illumination level

The ambient illuminance level shall be limited for luminous colours on projection screens to half of the white
illuminance level. The large illuminance level variations of the “Black” between 0,2% and 50% of the White
illuminance will lead to large changes of luminance contrast level

Ambient lllumination chromaticity
The ambient illumination chromaticity may be D65 to D50.
Device system surround

The luminance of the border can be lower than 20% when this does not measurably affect the viewer’s adapted
state.
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Annex H:

NCS hue circle and adapted CIELAB data LAB*, for c*=1 and n*=0
The Swedish standard series SS 01 91 00 to 03:1982 specifies the CIE tristimulus values X, Y, Z of the NCS colour
system. The Swedish standard SS 01 91 03 includes the CIE tristimulus values X, Y, Z and CIE chromaticity (x, y)
for 40 hues of a elementary hue circle.
In the Swedish standard series the CIE standard illuminant C with the chromaticity (x = 0,3127, y = 0,3290) was
used. This chromaticity is very near to the chromaticity of the CIE standard illuminant D65 with the chromaticity
(Xpes = 0,3127, ypges = 0,3290). In the Swedish standard series for all the 40 hues the CIE data for the chromaticness
c* = 0,9 and the blackness n* = 0 are listed. The blackness n* of this Technical Report is called s In the Swedish
standard series and varies between 0 for white and 1 for black. The data for c* =1 and n* = 0 are missing.
The four elementary hues RJIGB in this Technical Report are called RYGB in the Swedish standard series.

The hue circle is counted in the mathematical (anticlockwise) direction in this Technical Report and counted
clockwise in the Swedish standard series. The following list include the both data

Table H.1: NCS and NCCS code for 40 hues and CIE tristimulus values and chromaticities

NCS Code NCCS Code CIE tristimulus values CIE chromaticity

S C 0] n* c* ex X Y 4 X y

00 9 Y 00 09 | 75,67 80,20 5,36 0,4693 0,4974
00 9 YI0R 0,0 0,9 190 76,63 75,06 5,06 0,4889 0,4789
00 9 Y9OR 0,0 0,9 ri10j 40,64 22,79 6,34 0,5825 0,3266
00 90 R 00 09 r 38,27 20,12 7,97 0,5767 0,3032
00 9 R1OB 0,0 0,9 b9or 38,32 1945 12,08 0,5486 0,27,85

00 90 R90B 0,0 0,9 blg 22,38 20,47 100,66 0,1559 0,1426

00 9% B 00 09 b 12,19 13,19 62,34 0,1390 0,1504
00 90 B1lOG 0,0 0,9 h90g 17,82 24,87 85,90 0,1386 0,1934
00 90 B9G 0,0 09 blog 11,42 34,41 35,90 0,1397 0,4210
00 9% G 00 09 g 12,16 35,72 22,99 0,1716 0,5040
00 90 G10Y 0,0 0,9 990 15,15 37,15 13,63 0,2298 0,5635
00 90 G9OY 0,0 0,9 910 69,72 78,71 5,52 0,4529 0,5113

NOTE There is still a possibility to define the notation more in the direction of the NCS system, for example using
capital letters for RJGB and to use the clockwise hue definition of NCS.

There seem to be two different ways to get the missing data for c* = 1,0 and n* = 0,0:
1. The Swedish standard SS 01 91 01 91 01 may include the missing data.

2. The data of the Swedish standard SS 01 91 02 for ¢c* = 0,9 and n* = 0 may be used to calculate the data for
c¢* =1 and n* = 0 using the adapted CIELAB data LAB*, of both White and the colour with c* = 0,9 and n* =0

(see above list) for extrapolation.

There is another problem with the NCS data: The achromatic colours are in the range between blackness n* = 0,05
and n* = 0,95 instead of the range between n* = 0 and n* = 1. The CIE tristimulus values for the two samples with
this backness are:

Yw = 87,21 (for n* = 0,05) and Yy = 1,85 (for n* = 0,95).

Reference: L.Sivik A.Hard and G.Tonnquist: NCS, natural color system--from concept to research and applications.
part | and part Il, Color Res.Appl., Vol.21, No.3, pp.180-220 (1996).
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Annex I[:
Information on web sites
Organisations with Internet addresses for additional information:
ISO: International Organization for Standardization, 1 Rue de Framable, CH-1211 Geneva, Switzerland
http://www.iso.ch

ISO/IEC JTC1 SC28: Information technology — Japan Business Machine and Information System Industries
Association (JBMIA)

http://www.jbmia.or.jp/sc28
Shuuwa Dai-ni Tranomon Bldg., 8th Floor,1-21-19 Tranomon, Minato-ku, Tokyo 105
Tel.No. +81-3-3503-9821, Fax.No. +81-3-3591-3646

Sc28 documents related to this Draft Technical Report are: N607 (first draft ISO/IEC/WD1 24705; 2003-08), N656
(ISO/IEC/PDTR 24705:2004-01)

DIN: Deutsches Institut fir Normung e.V., Burggrafenstrasse 6, D-10787 Berlin, Germany
http://www.din.de

DIN NI-28: Information technology — Office systems
http://www.din.de/33866 (digital DIN-test charts according to DIN 33866)

NOTE 1: Four digital DIN-test charts are available as PostScript-(PS) and PDF-files with text in english and
german language and in different resolutions
NOTE 2: Four analog DIN-test charts are available as test patterns.

BAM: Federal Institute for Materials Research and Testing, Unter den Eichen 87, D-12200 Berlin, Germany
http://www.bam.de

BAM VII1.34: Visual methods and image reproduction
http://www.ps.bam.de

NOTE 1: Four digital ISO/IEC-test charts no. 1 to 4 are available as PostScript-(PS) and PDF-files with colours
defined in four device coordinates cmy0*, w*, olv*, and 000n* and absolute CIELAB coordinates L*a*b* with
text in english or in german language and in different resolutions

NOTE 2: Four analog ISO/IEC-test charts no. 1 to 4 in reflectance mode are available as test pattern from two
different manufacturers

NOTE 3: Four analog ISO/IEC-test charts no. 3 are available as transparencies which give equally spaced
series for the luminance reflectances Y, =0, 2,5, 5,0 and 7,5.

PostScript and the Portable Document Format are Trademarks of Adobe Systems Incorporated.

For definition see:

Adobe Systems Incorporated, PostScript Language Reference Manual, Second edition, Addison-Wesley, 1990,
ISBN 0-201-10174-2.

Adobe Systems Incorporated, Portable Document Format, Reference Manual, Addison-Wesley, 1993,

ISBN 0-201-62628-4.

NOTE: The PostScript-Code of many figures used for analog and digital ISO/IEC- and DIN-test charts were taken
from a book and a CD-ROM: Klaus Richter, Computergrafik und Farbmetrik, VDE-Verlag GMBH, Berlin, 1996,
ISBN 3-8007-1775-1 by agreement of the publisher.

Author of this “white paper” for different standard documents in the field of image technology
Prof. Dr. Klaus Richter

Federal Institute for Materials Research and Testing (BAM)

Working Group VIII.34: Visual methods and image reproduction

Unter den Eichen 87

D-12200 Berlin, Germany
klaus.richter@bam.de

Tel.: +49-30-8104 -1834, -1839, -3589
Fax:+49-30-8104 -1807

NOTE: This document is a “white paper” for discussion in different groups of image technology, Berlin, Sep. 1., 2005
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