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Abstract

This paper is a so called “white paper” for discussion in standard committees, especially for colour applications in
ISO/TC159/SG4/WG2: “Visual Display Requirements”. The author has worked as editor for ISO 9241-306:2008,
Ergonomics of human system interaction — Part 306: Field Assessment methods. The application includes an ISO-
test chart in black and white and visual test method for output and visibility at office work places.

New test charts and test methods for colour are proposed here. For the colour area also user friendly and ergonomic
colour coordinates are essential. The application of a human visual RGB* colour system which is device
independent in hue is proposed here. This visual RGB* system is based on recent proposals of the CIELAB h,, hue
angles of the elementary colours. The Report CIE R1-47 of CIE Division 1: Vision and Colour defines the four
elementary hue angles 26, 92, 162, and 272 degree in CIELAB for the four elementary colours Red R, Yellow J,
Green G, and Blue B. These definitions are used in the standard series DIN 33872-1 to -6 (in print): Information
technology - Office machines - Method of specifying relative colour reproduction with YES/NO criteria.

A colour output linearization method for visual displays and for eight reflections of the ambient light on the display
surface is described here, similar as the one for black and white in ISO 9241-306. The output linearization method
can fulfill the criteria of DIN 33872 to produce visually equally spaced 5- and 16-step colour series and an
elementary hue angle agreement in the output. The advantages for colour management of visual displays are
discussed.

Introduction

Table 1 — International standards and technical reports for Colour input and output

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

YE900-7

Table 1 shows a Standard and a Technical Report in which the equally spaced visual and colorimetric output is
defined for equally spaced digital input data. The standard documents of table 1 correspond to the standard series
DIN 33866-1 to 5. All standard documents include ISO/IEC- and DIN-test charts for input and output.
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The new standard series DIN 33872-1 to -6 and english translation on an ISO-template (Document N1280 in ISO/
IEC JTC1/SC28 and Document N1068 in ISO/TC159/SC4/WG?2) are the first standard documents which consider
the elementary hue angles of the report CIE R1-47. The output linearization method in device space of the standard
document ISO/IEC TR 19797 is now developed further to include output linearization in the elementary hue space.
This allows the linearized output in both the elementary hue and the device hue space. For applications the output in
the device independent hue space is preferred.

During last years in the standard committees ISO/TC159/SC4/WG2 “Visual Display Requirements”, ISO/IEC JTC1/
SC28 “Office equipment”, ISO SCIT “Steering Committee of Image Technology” and CIE Division 1 “Vision and
Colour” there were a lot of discussions about a more user friendly visual RGB colour space for Image Technology.
Based on a request of ISO/TC159/SC4/WG2 to the CIE in 2007 the CIE Division 1 has produced in 2009 the report
CIE R1-47 with the title “Hue Angles of Elementary Colours”. For the elementary hue angles this CIE report
proposes the hue angles 26, 92, 162, and 272 degree in CIELAB. The CIE-test colours no. 9 to 12 of CIE Publication
13.3 have the same hue angles. The four CIE samples represent the hues of Red R, Yellow J, Green G, and Blue B.

Linear relation CIELAB (L*, a*, b*) and adapted (a)CIELAB (C* 4 5, L*)
Pjaps = (L* —L*N) 1 (Lw - L*N)
a*g=a* —afy — gy [a*y —a*y ]
b*a = b* = %y = I e [ by = by ]
C*aba= [ a*a2 + b*az]

Linear relation CIELAB (L*, a*, b*) and adapted (2)CIELAB (C*gp 4 L*)
System: TLS00 Pl = (L* = L* )/ (L*w - L)
afg=ar —afy — Fpgpe [a*w —aty]
b*, =b* — b*y = ¥+ [ b*w — b*\ ]
Crapa=I a*az + b*az] -

System: ORS18a

CIELAB hueangles:
hap g = [37, 96, 150, 236, 305, 353]
hap e =[26, 92, 162, 217, 272, 329]

CIELAB hue angles:
hap g = [40, 102, 136, 196, 306, 328]
hab,e: [26, 92, 162, 217, 272, 329]

12

a*3=C*ap 2 COS by
b*5 = C*ap 4 SiN hyy

chroma a*,

a*,=C*gp 5 COS Iy
b*a = C*ap 4 SiN hyy

chroma a*,

%0, °®
L) Lo e
\

Figure 1 — Device colours OYLCVM of systems ORS18a and TLS00 and elementary hue output of RIGB.
Fig. 1 shows the device colours OYLCVM of the standard offset system ORS18 (left) and the standard television
system TLSOO (right) according to ISO/IEC 15775. The four elementary colours Red R, Yellow J, Green G, Blue B
are mixed from the six device colours. According to CIE R1-47 the elementary colours are defined by the hue angles
26, 92, 162, and 272 degree in the CIELAB (a*, b*) chroma diagram. This paper describes a method to produce the
device independent hue output of the elementary colours RIJGB on any colour device. The output linearization
method produces for example equally spaced colour series White W — Blue B in CIELAB for the hue angle 272
degree as shown in Fig. 1.

In applications it is a user wish that the four colour coordinates rgb = 100, 110, 010, and 001 produce the four
elementary hue angles of the elementary colours RIGB on any colour output device, for example a colour display or
a colour printer. Any user can decide by a visual criteria and with his visual system if this goal is reached. For
example the hue angle of elementary Yellow J is reached, if the hue appears “neither greenish nor reddish” out of a
hue circle part Red — Yellow — Green. The user decision is worldwide very similar and is possible without any
reference colour sample. The elementary reference hues are stored in the human visual system, see for example the
Swedish Natural Colour System NCS. If a colour circle of high chroma is used in visual experiments then the
standard deviation is 2 degree for Red, Yellow and Green and 4 degree for Blue. Therefore the visual precision is
about 1% (less than 4 degree of 360) according to CIE R1-47.

The DIN-test charts according to DIN 33872-4 include a 16-step highly chromatic hue circle produced by the four
colour coordinates rgb = 100, 110, 010, and 001. The agreement of the hue output with the four elementary hue
angles of the elementary colours RIGB is visually tested on any colour output device. The DIN-test charts are freely
available by the URL

http://www.ps.bam.de/33872E

The Relative Elementary Colour System RECS includes about 2000 colour samples of the standard offset process
with standard offset colours on standard offset paper, see ISO/IEC 15775. A highly chromatic hue circle based on
the four elementary hues, and 5- and 16-step colour scales in the 16 hue planes of this colour circle serve as
reference colours for display and printer output. In contrast to many other statements in the literature the hue
perception of the colours of equal CIELAB hue angle appears very equal, for example for the elementary hue plane
Blue B.
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Scope

In image technology the many rgb colour spaces are nearly all based on device colours of monitors or printers. New
technologies propose or create more and more of these device dependent rgb colour spaces. Therefore a device
independent colour space based on visual criteria is necessary to fulfill both user wishes and standardization needs.

Different ISO committees and CIE Division 1 “Vision and Colour” have worked together to define and apply a device
independent visual RGB colour space. In applications the correct hue output is much more critical compared to the
output of lightness and chroma. This paper describes a method for equal hue angle output on all colour devices. To
reach this goal both the output linearization method of ISO/IEC TR 19797 is further developed and the elementary
hue angles of CIE R1-47 are used. For any visual display output eight viewing conditions similar compared to 1ISO
9241-306 are considered. The equal elementary hue output is possible for any visual display for eight reflection
conditions of the ambient light, for example for data projectors in office rooms which are illuminated by the CIE
indoor daylight iD65 according to CIE Publ. 184.

1. Normative reference

CIE 13.3, Method of measuring and specifying colour rendering of light sources

CIE 15, Colorimetry

CIE 168, Criteria for the Evaluation of Extended-Gamut Colour Encodings

CIE 184, Indoor Daylight llluminants

DIN Vv 18599-4, Energy efficiency of buildings — Calculation of the net, final and primary energy demand for heating,
cooling, ventilation, domestic hot water and lighting — Part 4: Net and final energy demand for lighting

ISO 8995; CIE S 008:2002-05, Lighting of indoor work places

ISO 15076-1, Image Technology — ICC Colour Management — Architecture, profile format, and data structure — Part
1: Based on ICC.1:2004-10

ISO/IEC 15775:1999, Information Technology — Office machines — Method of specifying image reproduction of
colour copying machines by analog test charts — Realization and application

ISO/IEC 15775/Amd.1, Information technology — Office machines — Machines for colour image reproduction —
Method of specifying image reproduction of colour copying machines by analog test charts — Realization and
application — Amendment 1

ISO/IEC TR 19797:2004, Information technology — Office machines — Machines for colour image reproduction —
Device output for 16-step colour scales, output linearization method (LM) and specification of the reproduction
properties

ISO/IEC TR 24705:2005, Information technology — Office machines — Machines for colour image reproduction —
Method of specifying image reproduction of colour devices by digital and analog test charts

2.Terms and definitions

The terms and definitions of the translation of DIN 33872-1 apply, see Document N1280 of ISO/IEC JTC1/SC28 or
Document N1068 of ISO/TC159/SC4/WG2.

3. User friendly colour image technology

Increasingly the colour image technology must consider the visual properties of colour vision. User friendliness is for
example reached if the CIELAB hue angles of the elementary colours according to CIE R1-47 are considered.

A high user friendliness is further reached by a simple and efficient colour coding with linear relationships between
the relative colorimetric coordinates rgb* or ncu* (see Fig. 2 and 3) and the colour coordinates L*, a*, b* or L*, C*,,,
hap, Of CIELAB.

We will study first the application of colour in daily life and in colour image technology. It is obvious that simple
relations are necessary according to user wishes.

Then the relative colorimetric coordinates rgb* according to CIE R1-47 and the linear relation to the still more user
friendly colour coordinates relative blackness n*, relative chroma c* and elementary hue text u* (ncu*) are given and
discussed.

There is approximately no connection between the device dependent coordinates rgb and cmy of colour image
technology and the colour coordinates of the colour systems RAL, Munsell and NCS. In the area of image
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technology there are many device dependent rgb definitions which are based on device systems and not on
colorimetric colour order systems.

Application of colour in daily lifeor in Colour Information Technology (I T)

Design, architecture, art, industrial products JColour Information Technology
Measured for CIE standard illuminant D65 Measured for CIE illuminants D65 and D50

colour order system; name and coordinates: Device system name and coor dinates:

RAL Design System (CIELAB) Printer system (illuminants D50 or D65):
L*C* ghap, lightness, chroma, hue angle cmy, content of "cyan”, "magenta’, "yellow"
Munsell Colour System

VCH, lightness (Value), Chroma, Hue text

Natural Colour System (NCS)

ncu*: relative blackness, relative chroma No user friendly colour coordinates
rel ative elementary hue text Nearly no connection to colour order systems

Display system (standard illuminant D65):
rgb/sRGRB content of "red", "green”, "blue"

Aim: define user friendly connection
New: Interpretation of the rgb colour datain therange Oto 1 aselementary colour data rgb*;

Linear relations between relativeand absolutecoordinates lab* — LAB*
rgb*; — L*a*b*C* 4 h,, (CIELAB)
rgb — cmy, rgb% — cmy? ("1-minus’-relation)
rgb*; — nce*, rgb% — ncu*
relative coordinates lab*:  elementary redness r*;, greenness g*;, blueness b*;, blackness n*
chroma c*, elementary hue e*, elementary hue text u*

YE921-3

Figure 2 — Colour order systems and colour image technology
Fig. 2 shows the application of colour in daily life (left) and in colour image technology (right). The rgb data of the
colour spaces sRGB and AdobeRGB are especially based on special device properties of television monitors (see
Table 2) and only to a small part on the visual and colorimetric colour systems. In Fig. 3 the interpretation of the rgb
colour data of information technology as elementary colour data rgb* defines a linear and therefore especially
simple and efficient connection.
The colorimetric relative coordinates ncu* (relative blackness n*, relative chroma c* and the elementary hue text u*)
are for every hue text defined as linear functions (F, or f;,) of the adapted CIELAB coordinates LCH*, ( = L*, C*, ,,
hap a = lightness, adapted chroma and hue angle) and the relative CIELAB coordinates Ich* ( = I*, c*, h*; relative
lightness, relative chroma and relative hue angle h* = hy, , / 360)

ncu* = I:Iin (L*, C*abv hab,a) (1)

ncu* = f;, (I*, c*, h*) 2
If the application program allows to input the appropriate and user friendly colour coordinates ncu* then the colour
image technology is connected in a new way to the colour coordinates used in design, art and architecture, for

example in the NCS system. For every elementary hue text u* the coordinates rgb of colour image technology are
interpreted as elementary colour coordinates rgb* which are connected by the simple and linear relations

n* =1 — max (r*, g* b*) 3)

c* = max (r*, g*, b*) — min (r*, g*, b*) 4)
to the new user friendly coordinates ncu*. Similar coordinates are used in the Natural Colour System NCS of the
Swedish Standards SS 01 91 00 to 03. In agreement with NCS the relative blackness n* and the relative chroma c*

have a colorimetric definition. In the colour system NCS these colour attributes are defined device independent by
visual experiments.

In the following the coordinates rgb of colour image technology are either interpreted as device colour data olv* or as
elementary colour data rgb*. In the following the two above equations are explained further. The missing elementary
hue text u* is defined as function of the hue angle h,, of CIELAB and therefore completely device independent.
Therefore we produce by output linearization a device independent hue output. The relative blackness n* and the
relative chroma c* is defined relative to the maximum colour Ma of a device for any given hue and therefore device
dependent.
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Basic television colour or
mixture colour for D65

chromaticity

tristimulus values
(Y=88,6 for white D65)

adapted = standard CIEL AB data LAB*
(L*=95,4 for white; L*=0,00 for black)

relative CIEL AB data lab*

(L*=95,4 for white; L*=0,00 for black)

TLS00(a) for YW=88,6  |x y X ‘Y \z *e=L* |argar | br b \ C*aa \ haba | 03 ()| 1*3(0) \ng(b)\ n* \ c \ h \ e \ u* \ t

N d* nameN three additive mixture colours: television colours according to ISO/IEC 15775:1999

C c00mcyan-blue 0,225 | 0,329 | 47,67| 69,76 94,78 86,88 |-46,17 |-13,56 | 48,12 | 196 | 0,00| 1,00| 1,00| 0,00| 1,00{0,545|0,578| g31b| 0,50

M mOOomagenta-red 0,321 | 0,154 | 52,53 25,24/ 85,93 57,30 | 94,35 |-58,42 (110,97 | 328 | 1,00| 0,00| 1,00| 0,00 1,00{0,912|0,875| b50r | 0,50

Y y00l yellow 0,419 |0,505 | 68,22| 82,20 12,27| 92,66 [-20,70 | 90,75 | 93,08 | 103 | 1,00| 1,00| 0,00| 0,00| 1,00{0,286|0,289| j15g | 0,50

N d* nameN three aditive basic colours: television colours according to ISO/IEC 15775:1999

O 000y orange red 0,640 |0,330 | 36,54/ 18,84 1,71 50,50 | 76,92 | 64,54 |100,42 40 | 1,00/ 0,00f 0,00 0,00| 1,00/0,111|0,056| r22j | 0,50

L 100c leaf green 0,300 | 0,600 | 31,68/ 63,36/ 10,56/ 83,63 |—-82,77 | 79,90 [115,04 | 136 | 0,00| 1,00| 0,00| 0,00 1,00{0,378|0,406| j62g | 0,50

V vOOmviolet blue 0,150 | 0,060 | 15,99 6,40/ 84,22| 30,39 | 76,06 |-103,58/128,52 | 306 | 0,00/ 0,00| 1,00| 0,00 1,00{0,851|0,825| b29r | 0,50

achromatic colours:

W (ideal white, 100,00%) 0,313 | 0,329 | 95,05/ 100,00/ 108,90| 100,00 0,00 0,00 0,00 0 | 105/ 1,05/ 1,05| 0,00| 0,00| 0,00f 0,00 - 1,05

W1 (white monitor, 88,6%) 0,313 |0,329 | 84,21 88,60 96,49 95,41 0,00 0,00 0,00 0 | 1,00 1,00f 1,00| 0,00/ 0,00| 0,00/ 0,00| rOQj | 1,00

N (black monitor, 0,00%) - - 0,000 0,000 0,000 0,00 0,00 0,00 0,00 0 | 0,00 0,00| 0,00| 1,00| 0,00| 0,00 0,00/ rO0Oj | 0,00

NO - - - - - - - - - - - - - - - - - - - -
IE620-3

Basic television colour or |chromaticity |tristimulusvalues |adapted = standard CIELAB data LAB* |relative CIELAB data lab*

mixture colour for D65 (Y=88,6 for white D65) | (L*=95,4 for white; L*=18,01 for black) (L*=95,4 for white; L*=18,01 for black)

TLS18(a); Yw=86,1+25 |x y X ‘Y \z L* a* b \ C*a \ hao | 0*3(r)|1*3(g) ‘v*3(b)‘ n* \ cr \ h* \ e \ u* \ t*

N d* nameN three additive mixture colours: television colours acc. to ISO/IEC 15775:1999

C c00mcyan-blue 0,228 [0,329 | 48,71 70,30| 94,79 87,14 (-44,44 |-13,14 | 46,32 | 196 | 0,00| 1,00| 1,00| 0,00| 1,00{0,546|0,578| g31b| 0,50

M mOOomagenta-red 0,321 | 0,162 | 53,43 27,04/ 86,23 59,01 | 89,33 |-55,69 (105,26 | 328 | 1,00/ 0,00| 1,00| 0,00 1,00{0,911|0,875| b50r | 0,50

Y y00l yellow 0,414 | 0,497 | 68,67| 82,33 14,67 | 92,74 |-20,06 | 84,97 | 87,30 | 103 | 1,00| 1,00| 0,00| 0,00 1,00(0,287|0,289| j15g | 0,50

N d* nameN three aditive basic colours: television colours acc. to ISO/IEC 15775:1999

O 000y orangered 0,600 {0,330 | 37,89 20,82 4,41 52,76 | 71,63 | 49,87 | 87,29 35 | 1,00f 0,00f 0,00| 0,00| 1,00|0,097|0,036| r14j | 0,50

L 100c leaf green 0,301 |0,581 | 33,18/ 64,08 13,00 84,01 [-79,02 | 73,94 [108,20 | 137 | 0,00| 1,00| 0,00| 0,00| 1,00{0,380(0,411| j64g | 0,50

V vOOmviolet blue 0,161 [0,079 | 17,93 8,73 84,57 3547 | 64,92 |-95,08 [115,12 | 304 | 0,00/ 0,00| 1,00| 0,00| 1,00{0,845|0,822| b28r | 0,50

achromatic colours:

W (ideal white, 100,00%) 0,313 |0,329 | 95,05/ 100,00| 108,90 100,00 0,00 0,00 0,00 0 | 1,05/ 1,05| 1,05| 0,00| 0,00| 0,00 0,00| rOQj | 1,05

W1 (white monitor, 88,6%0) 0,313 |0,329 | 84,21 88,60 96,49 95,41 0,00 0,00 0,00 0 | 1,00/ 1,00/ 1,00| 0,00| 0,00| 0,00/ 0,00| rOQj | 1,00

N (black monitor, 2,52%) 0,313 | 0,329 240 2,52 2,74/ 18,01 0,00 0,00 0,00 0 | 0,00/ 0,00/ 0,00| 1,00/ 0,00| 0,00/ 0,00 rOQj | 0,00

NO (ideal black, 0,00%) - - 0,000 0,000 0,00f 0,00 0,00 0,00 0,00 0 |-0,19/-0,19|/-0,19| 1,19| 0,00 O0,00| 0,00| - -0,19

1E620-7

(©)TSTL pue (8)00S L SWaISAS SnoulWwNT UOISIAS|SL 9] JO SaIeUIPJI00I I1I18WII0[0D — Z d|geL

aoeds 1n0j09 g9y |ensIA uewny e uo paseq sAe|dsip [ensiAa Jo uonezireaul] 1ndinQ



Output Linearization of visual displays based on a human visual RGB* colour space

Table 2 shows the colorimetric data of the Television Luminous Systems TSL0O0(a) and TLS18(a) according to ISO/
IEC 15775. In both cases the white point is normalized to L*,=95,4 which is the white point of the standard offset

paper. The CIELAB data of the standard and adapted Systems TLS00 and TLS00a, and TLS18 and TLS18a are
identical because it is valid in the standard case for the CIELAB data of Black N and White W:

(@*n, b*y) = (@*w, b*w) = (@* N P*Na) = (@ wa P*wa) = (0, 0)
The Systems TLS00 and TLS18 differ in lightness with L*y = 00 and L*y = 18 for Black N. In application the
luminance reflectance of the black colour differs between Y\ = 2,5 for silk matt Black N and Yy = 4,0 for matt Black N.
The luminance reflectance Y\ = 2,5 corresponds to the lightness L*\=18 and these two values are the standard
values of standard offset printing, compare ISO/IEC 15775.
There are many advantages in applications, if the value L*\ =18 is chosen for black in offices. Often in offices the
reflection varies between 2,5% and 10% compared to the white CRT display. Then the black lightness L* varies
between L*\ = 18 and L*\ = 33. ISO 8995 requests an illuminance of 500 lux in offices and CIE 184 specifies Indoor
Daylight llluminants iD65 and iD50. In Europe the use of daylight is recommended in offices, see DIN V 18599-4.,

The standard illuminance of 500 lux produces a luminance of about 140 cd/m? on the white standard offset paper.
LCD displays may have a higher white luminance, for example 320 cd/m? and CRT displays may have a lower
luminance of 80 cd/m?. Therefore the reflection of the ambient light on the monitor surface may vary by a factor 4.

The visual effect in appearance is large even if the reflection is only 2,5%. The lightness range between White and
Black reduces from AL* = 95,4 - 0,0 = 95,4 to 94,4 - 18,0 = 77,4. The is a reduction factor 0,82. At the same time the
chroma in red—green and yellow—blue direction reduces by the same factor. The result is a colour gamut reduction by
the factor 0,82 x 0,82 x 0,82 = 0,55. The loss of 45% of the visual colour gamut is avoided in the graphic arts area of
ISO TC 130, see ISO 15076-1, by a reduction of the ambient illuminance from 500 lux to 32 lux and shutters around
the CRTdisplay. This artificial situation is not allowed by ergonomic illumination standards in offices, see ISO 8995. If
still colour management according to ISO 15076-1 is used then the efficiency of colour managment for the standard
office situation with 2,5% reflection is reduced. The colour gamut and the efficiency is reduced by a factor 0,55.

In addition 1ISO 15076-1 request a D50 illumination in offices. In the standard case of 2,5% luminance reflection of
the D50 illumination, the CIELAB chroma changes for White and Black towards yellow, but much more for Black. The
CIELAB chroma C*,, changes from zero to about 2 for White and 10 for black. The tolerance is 3 according to ISO/
IEC 15775 for colour copiers. Therefore the Black and the dark greys look very yellowish and the achromatic axis is
tilted. 1ISO 15076-1 needs not to consider this problem because it assumes an illuminance of 32 lux compared to the
standard office illuminance of 500 lux (15fold less compared to ISO 8995 and therefore 15fold less reflection).

User friendly colorimetric colour notation ncu* or nce* and linear relation to threergb* data
n* relative blackness relative elementary ( r*,, j*,) chroma
c* relative chroma _. fx
. u*;=j00g A%
u* elementary (unique) huetext e =025
e* elementary hue number I= u* =r25
hap hueanglein CIELAB . X _ e =0,0625
n*=0
=0 u*g = g00b u*gr = r00j _
White W e = 0,50 er=000 r*,
5 steps
n* =0,25 Chromatic
X u*g = b00r
5 Steps n*=0 e*B = 0,75
5steps C* =1 relative trichromatic CIELAB ( a*,, b*,) chroma
*
Black N ¢ Saiveeh i} rgb*; =110 AbY rgb*y =10,250
n* =1 relative chromac hp, = 92 degree hap x = 42 degr(ie
ct=0 c* = 0,50 X =(25+0,25*67)degree
F _
rgb*g =010 9 "R=100
hap,c = 162 degree abR — 2? degree
examplefor colour notation: colour E: @
ncu* = 0,25 0,50 r25 rgb* = 0,750,375 0,25
or n*=1-r*=0,25
nce* = 0,25 0,50 0,0625 (=0,25/4) rgo'g =001, hyp=272degree c* =r* —b* =050

1E611-7

Figure 3 — Relations between colour coordinates ncu*, rgb*, and CIELAB hue angle h,,
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Fig. 3 shows the relations between the colour coordinates ncu*, rgb* and the CIELAB hue angle h,, A colour
triangle of equal hue is shown on the left side and two hue circles on the right side. The hue spacing is different in a
symmetrical elementary hue circle (top right) and compared to the spacing according to the CIELAB hue angle h,,

(bottom right). The most chromatic colour is located together with Black N and White W on a hue triangle (left). This
is known from many colour order systems, for example of Ostwald (1925) and NCS (1970). The colours of equal
blackness are located on lines parallel to the line W — X with the relative blackness n* = 0. The blackness reaches n*
=1 for black and therefore it is valid n* = 0,25 for the colour F in Fig. 3. The relative chroma is c* = 1 for the colour X
and it is therefore c* = 0,5 for the colour F in Fig. 3. The missing coordinates rgb* are shifted by 25% from rgb*g = 1
0 O for elementary Red R towards rgb*; = 1 1 0 for elementary Yellow J, see Fig. 3 (top right). The letters in red colour
show the connection between

ncu* = 0,25 0,50 r25j and rgh* = 0,75 0,375 0,25.
The use of equations (3) and (4) verifies

n* = 1 — max (r*, g*, b*) =1-0,75 =0,25

c* = max (r*, g*, b*) — min (r*, g*, b*) =0,75-0,25 =0,50
If we use the elementary hue angles of CIE R1-47 we can calculate the elementary hue text u* for any given CIELAB
hue angle h,, and vice versa. This has been realized in DIN 33872 and the RECS colour system. If the CIELAB
chroma C*,, 5 and the lightness L*;, of the maximum colour X = M, is known, then it is valid for any colour F of the
same CIELAB hue angle with the coordinates (C*,p 4 5 L*¢):

cr= C.kab,a,F/ C*ab,a,Ma (5)
Blackness n* can be calculated by the following equations with the CIELAB lightness L* of the colours F, W, and N.
F=l—LN]/[L*w—L*] (6)
= —c*{[L*'ma—L*'n]/[L*w—L*]-05} (1)
n*=1- t*-05c* (8)

Therefore if the CIELAB data LCH*g of any colour F and the CIELAB data LCH*,, of the device Maximum colour M,
of the same hue are given, then the colour coordinates rgb* and ncu* can be calculated.

If the coordinates rgb* are given then it is easy to calculate ncu* and the CIELAB hue angle h,,. For the missing
CIELAB data LC* of the sample colour the data LC*, of the Maximum colour Ma are necessary. For example for
the sRGB color space according to IEC 91966-2-1and many other colour spaces of image technology the data
LC*\1a are known as function of the CIELAB hue angle h,,. Therefore if any data set of the three sets rgb*, ncu*, and
LCH* is given the other two can be calculated.

As a result of the discussion we can summarize as follows

A user friendly image technology shall take care of the viewing conditions in office application, especially the office
illumination of 500 lux and the change of the CIELAB colour data by reflections on the display. In a worse case
according to 1ISO 9241-306 the luminance produced by the projector display and the luminance of the daylight office
may be the same. This will reduce the lightness range from 77,4 (=95,4-18,0) to 25,4 (=95,4-70,0). Then the colour
gamut will decrease by the factor 0,3 x 0,3 x 0,3 = 0,027. This factor 0,027 is much less compared to factor 0,55 for
the standard reflection 2,5%

There are user friendly visual coordinates ncu* (relative blackness n*, relative chroma c* and elementary hue text u*)
which are connected to the visual rgb* coordinates by equations. The visual rgb* coordinates have the values rgb* =
100,110,010, and0 0 1 for the elementary hues Red R, Yellow J, Green G, and Blue B. For any colour device
with known CIELAB data of the eight device colours OYLCVMNW there are equations which allow to calculate the
adapted (and standard) CIELAB data LCH*, (lightness L*, Chroma C*,, ,, and hue angle hyy, ,) for any triple of rgb*

data and vice versa.

In the next chapter the definitions of colour in image technology will be discussed. Visual rgb data called rgh* (star-
data) according to ISO/IEC 15775 are used. The use of the rgb* data by PS or PDF operators and the calculated
change to the inverse rgh* data (dash-star) for the intended output will be shown
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4. Colour data change of PostScript colour operators between in and output

Measurement, Transfer and Linearisation (MTL) PostScriptCode

————————— “4nput——-—-——--—-—-  ————————Output————————-
W, | | [Standard] [Standard] W™, |
setgray PR18in [CHan PR18ou setgray
o5, [Standard|| lcAlculate] | Spandard]| [0V,
setrgb _ TV18in Iche, TV18ou || [|setrgb [CH %00
cmy0 || [|[Device | lealeulate] | Hevice | [[emyo, || | L1easure
setcmyK|| | [|PRin PRou setcmyk
000n7, ||||/Device [Device || |]000n™,, |
setcmyk| | |TVin TVou setcmyk
8 LCH*,; data 8 LCH*,; data [LCH 04
LCH*3in setcolor
setcolor
|lch™oy |
setcolor

Intended: = (Ich%,, — Ich*oy) = Min. or = (LCH™,;n — LCH 30,) = Min.

IE610-3

Measurement, Transfer and Linearisation (MTL) PostScript Code

————————— “nput--——————--—-  ————————Output——-——————-
rgh¥in [Standard] [Standard] [w*qy
setcolor PR18in [Can PR18ou || ||setgray
tchfin ||| [[Standard]] caIleIate [Standard]| |[olv* oy
setcolor TV18in I i L TV18ou || [|setrgb [CH 00
nchen ||| [Device calculate [Device || |[ermy0™o, || |LTeaSUre
setcolor PRin PRou setcmyk
ncu*iy  |]|||Device |Device 000N *o,
setcolor TVin TVou setcmyk
8 LCH*, data 8 LCH*, data LCH ™50,
LCH*5in setcolor
setcolor
|lch’*qy
setcolor

Intended: = (Tch¥, — Tch*o,) = Min. or = (LCH* 5, — LCH*50,) = Min.

IE610-7

Figure 4 — Colour data change of PostScript operators between input and output in image technology
Fir. 4 shows different PostScript operators and for example the rgb* colour data change of between input and output.
The are different PostScript colour operators and corresponding PDF operators which are used in files of the format
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PS and PDF. The format PS is used to create the figures and test charts of this document. The format PDF is created
for example by the software Adobe Acrobat Distiller 3 from the PS file format. The PDF format is mainly used in
offices and the PS format additionally often in the graphic arts area.

Fig. 4 shows in the upper part the standard PostScript operators, for example setgray, setrgbcolor, and setcmykcolor.
Up to four data in the range zero to one are necessary in front of the PS operator, for example w*, olv* (rgb), and
cmyO* or 000n* (star data). For an intended linearized output, see ISO/IEC TR 19797, a special change to w*, olv™,
and cmyQ’* or 000n™ (dash-star data) is necessary. The PS operator setcolor in the lower part of Fig. 4 can use
modifications and functions of the coordinates w*, olv* (rgh), and cmyO* or 000n*, for example the coordinates ncu*.

In the profile connection space (PCS) of colour management according to ISO 15076-1 the CIELAB data LAB* or
LCH* are necessary to calculate an output transform, for example between the star-data olv* (rgb) and the dash-
star-data olv* (rgb’). For example for data projectors the display reflections changes according to ISO 9241-306
from 0% in a dark room up to about 50% in a daylight office. Therefore for displays the colour gamut may change
from 100% to about 3%. The CIELAB data are measured and stored in the CIELAB Profile Connection Space
(PCS). The PCS reserve a digital data range between -128 and 127 for a* and b* and between 0 and 255 for L*. For
example the sSRGB colour space with a lightness range between 0 and 100 covers only 20% of the CIELAB PSC
gamut according to CIE 168. This is the case for the System TLSO0O0 of Table 2. If we consider the colour gamut
reduction to 55% for the office colour condition then only 11% of the CIELAB PCS gamut is used. This is the case for
the System TLS18 of Table 2. If in a worse case the luminance produced by the data projector and the daylight office
illumination is the same, then only 0,2 x 0,027 = 0,06 or 0,6% of the CIELAB PCS is used. In other words the
CIELAB data of the data projector are located only within 0,6% of the reserved CIELAB PCS data range. The
efficiency of colour management according to ISO 15076-1 decreases to less then 1% for these office conditions. If
one assumes nearly no reflections on the display as in the artificial graphic arts conditions the efficiency is reduced
by a factor 5, if the SRGB colour space is used

The proposal of this paper is to use an alternate RGB PCS instead of the CIELAB PCS. This increases the efficiency
by more than a factor 150 in a worse case and by a factor 9 if the standard SRGB space is used. The factor 9
appears because the triangle RGB coordinates describe the SRGB space directly and not by the more ineffective
cartesian rectangular LAB* coordinates. The improvement is included in the equations 1 to 8, which connects the
RGB space defined by the 8 basic device colours by equations with the CIELAB space. There is an increase in
efficiency if the colour data are given in a visual RGB space. The RGB data in the range 0 to 1 always fill the device
space up to the device gamut limits. The CIELAB data fill only 0,6% of the CIELAB PCS in the case of the System
TLS70, 12% in the case of TLS18, and 20% in case of TLS0O.

In a Ph.D. thesis recently Wagenknecht has studied the accuracy of the colour output with different colour
management methods. Wagenknecht has used the standard CIELAB PCS of different commercial software product
and has simulated an RGB PCS. The accuracy of the CIELAB PCS was by a factor 2 to 3 worse compared to the
method which simulates an RGB PCS.

The most efficient method for colour management is therefore a direct transfer from the olv* (rgb) to the olv’* (rgb”)
data. This method is often called a device link transfer. In other words the rgb data and not the CIELAB data of a
device have to be stored and transmitted. This increases the accuracy up to a factor 150 for the worse office
condition TLS70. The equations (1) to (8) can be used for the calculation of the CIELAB data from the rgb data at
any stage of the workflow. At least the CIELAB data of 8 reference colours OYLCVM NW are necessary for this
calculations in both directions. A more general solution is the transmittance of the maximum data of a 48 step device
colour circle and 9 grey step including Black and White, see Fig. 10 to 12.

5. Device and elementary hue circle with olv*, rgb* and CIELAB LCH* data

For the 2,5% luminance reflection on the monitor surface the CIELAB standard colour gamut will be studied in the
following. The CIELAB LCH* data and some relative CIELAB data, for example lab*olv* = olv*, lab* rgh* = rgb* and
lab*ncu* = ncu* will be given for a 16 step colour circle and for hue planes with 5- and 16-step colour series. The hue
changes in the hue circle by 16 steps and there is no change in hue plane. For a linearized output according to 1ISO/
IEC TR 19797 in device space the hue angle between two neigboring colours differs in equal (25%) steps. It must be
mentioned that any successful colour management method needs a device output linearization. Therefore the
following linearization in device space and the following in elementary colour space is essential.

Many printer systems on the market do not fulfill the rules of ISO/IEC TR 19797. The output is often irregular and not
continuous for equally spaced rgb-input data, see Fig. 19 (top). Therefore these devices can not be used for a
successful colour management. In case of PostScript printers there is often a work around. Often only the cmyO
output is continuous and more linear compared to the rgb output. Fig. 5 to 8 include tables of the six standard device
colours OYLCVM and Black N and White W for the device colour system TLS18a for 2,5% reflection compared to the
white monitor. The device and elementary hue text is based on CIE R1-47. The CIELAB data describe the Maximum
colours M, at the colour gamut boundary. The values C*,, are different in the standard CIELAB space LCH* (capital

letters) but relative chroma lab*c* = c* is equal to 1 in the relative CIELAB space Ich* (small letters).
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Input and output: Television Luminous System TL S18a

data for any colour:
LAB*LAB) 4 and

device and elementary huetext:

d* and u*

yellowish

Green G

bluish

|E490-7TN

_ am

Ritp-/7130.149.60 45/~fa bmetrK/TEA9NE AL ONP.PDF/ S, transfer and output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

d* L*=L*p ata b*a

ITL S18a; adapted (a) CIELAB data

Craa

ITLS18a; adapted (a) CIELAB data
L

%, aa ba

000y 52.76 71.63 49.88
025y 63.7 46,55 59.48
72.75 67.42

81.8 75.37
92.74 84.97
90.85 82.58
80.04

77.23

73.94

12.98

LAB*LCHpMa

87.29
75.53
7219
75.54
87.3

88.86
925

98.66
108.2
56.3

-13.12 46.32
-36.63 38.89
-95.07 115.12 304 b28r
-74.49 107.62 316 b39r
-55.68 105.26 328 b49r

2.03

yellowish

Red R

bluish

greenish redish

Blue B

TUB-test chart 1E49; Colorimetric systems, Page 1/3

Hue circle and data tables for 16 hues to m750

79.68 1

Craa Maa

71.63

-20.03
—-78.99
-44.42

49.88 87.29
84.97 87.3
7394 1082
-13.12 46.32
6492 -9507 11512
89.33 -55.68 105.26
0.0 0.0 0.0
0.0 0.0 0.0
5874 2799 65.07
-2.89 7156 71.62
—-4242 136 4455
30.57 141 -46.47 46.49

% Gamut
u*g =118

% Regularity
e = 22
O*cra =40

b79r

yellowish SElEmER

Green G Red R

bluish bluish

input: rgb (—>olv*) setrgbcolor
oult|

: no change compared to iny ut-:|
L

swieIsAs Ae(dsip fensiA Jo ndino Joj uoiedidde
Sd' /HAd'dNO 1673 1/6¥3 1-T0606002 :UoHRIsiBe) an L

A
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Sd’ /4Ad’'dN0T16S31/8831/21and -
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c

Ritp-/7130.149.60 45/~fa bmerK/ES5/IES5LONP.PDF/ _PS,; transfer and output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

Input and output: Colorimetric Television Luminous System TL S18afor relative CIELAB hue h* = lab*h* = han/360 = 0.845

data for any colour:

lab*tch* and lab*ncu*

device and elementary
huetext:

d* =v00m u* = b28r

triangle lightness t*

TL S18a; adapted (a) CIELAB data
NameL*=L*, a*, b*,

Craa Mgl

Oma 52.76 7163 49.88 8729 35
Yma 92.74 -20.03 84.97 87.3

Lma 840 -7899 7394 1082
Cwma 87.14 -44.42 -13.12 46.32
Vma 3547 6492 -95.07 115.12
Mya 59.01 89.33 -55.68 105.26
Nma 18.01 0.0 0.0 0.0 0
Wna 9541 0.0 0.0 0.0 0
39.92 5874 2799 6507 25
8126 -2.89 7156 71.62
52.23 136 4455
30.57 —46.47 46.49

.25 A/

relative blackness n*

0,75 1,00
relative chroma c*

Data for maximum colour (Ma):
LAB*LAB*Ma: 35 65 —95
LAB*LCH*ma: 35 115 304

000y 5276 7163 49.88 87.29 35 r14]
lab*olv*ya: 0.0 0.0 1.0 4655 5948 7553 52 139
7275 258 6742 7219 69 r65

lab*rgb*ma: 0.57 0.0 1.0 jeg 818 506 7537 7554 86 r%
triangle lightness t* 92.74 -20.03 8497 873 103 ji59
9085 -3281 8258 88.86 112 j27g

% Gamut 8884 -46.36 80.04 925 120 j39g

U* g = 118 86.61 614 77.23 9866 128 j5lg

9%Regularity 840 -7899 7394 1082 137 j63g

G = 22 862 -54.78 1298 563 167 g04b

SO 0 87.14 -44.42 -13.12 4632 196 g3lb

G cre = 7232 -13.05 -36.63 38.89 250 g8Ob

64.92 -9507 11512 304 b28r

77.67 -74.49 107.62 316 b39r

TUB-test chart IE5S5; Colorimetric systems, Page 13/16

ue plane and data table for 16 hues to m7/50

ITL S18a; adapted
a*

(a) CIELAB data
L=l vy bra

| an

wa Naa U

89.33

7965 203 7968 1

n* A/

=0,40

1,00
relative chroma c*

0,40 0 0,80

input: rgb (-=>olv*) setrgbcolor
ut| no change compared to input

-55.68 105.26 328 b49r
b79r

relative blackness n*

swieIsAs Ae(dsip fensiA Jo ndino Joj uoieoidde

Sd’ /HAd'dN0T1SS31/5531-T060600¢ -Uoieis|

() 'sruw w eIpeUI=ap00 eLeTeW gNL

elRyI=opod :RLBEW gNL

Figure 5 — Colour circle in device hue space and 5- and 16-step colour series for device hueV =v00m
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Input and output: Television Luminous System TL S18a
&t L*=L*, ata

b*a

-:l Ritp-/7130.149.60 45/~fa bmetrK/TEA9NE AL ONP.PDF/ S, transfer and output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

ITL S18a; adapted (a) CIELAB data

Craa

data for any colour:
LAB*LABpaand LAB*LCHy 4
device and elementary huetext:
d* and u*

000y 52.76 71.63

49.88
59.48
67.42
75.37
84.97
82.58
80.04
77.23
73.94
12.98

87.29
75.53
7219
75.54
87.3

88.86
925

98.66
108.2
56.3

-13.12 46.32

-36.63 38.89

% Gamut
u*g =118
% Regularity
e = 22

ITLS18a; adapted (a) CIELAB data
NameL*=L*, a*,

b*a  C*aa Maga

Oma
Yva
Lma
Cma

52.76

71.63

-20.03
—-78.99
-44.42

49.88 87.29
84.97 87.3

7394 1082
-13.12 46.32
-95.07 115.12
-55.68 105.26
0.0 0.0

0.0 0.0

2799 65.07
7156 71.62
136 4455
—46.47 46.49

-95.07 115.12 304 b28r
-74.49 107.62 316 b39r
-55.68 105.26 328 b49r

B2 1I'SIe /W00 awW s Ip1//:dny :Adod Jo e

yellowish yelowis

Green G Red R

bluish

MLIBWOE~/SY°09'6%T 0ET//:dNy 10 9p"Weq'sd-Mmw//:dIiy UOIRUWLIOJUI [D1ULDS |

greenish redish

Blue B

Sd’ /4Ad'dNOTI6¢731/6%31/21ANd -

|E490-7TN

7

2.03

-:lTU B-test chart 1E49; Colorimetric systems, Page 2/3
Hue circle and data tables for 16 hues

to m750

79.68 1

b79r

yellowish

Green G

bluish

input: rgb (—>olv*) setrgbcolor
: no change compared to input

out]

swieIsAs Ae(dsip fensiA Jo ndino Joj uoiedidde
Sd' /HAd'dNO 1673 1/6¥3 1-T0606002 :UoHRIsiBe) an L

c

__ e

Ritp-/7130.149.60 45/~fa bmeirTKTEA9NEASL ONP.PDF/ _PS,; transfer and output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

A

Input and output: Television Luminous System TL S18a
d* L*=L*; a*;  b*,

TL S18a; adapted (a) CIELAB data

aa

TLS18a; adapted () CIELAB data
NameL*=L*, a*a  b*a

data for any colour:

000y 52.76 71.63

LAB*LABpaand LAB*LCHpy
device and elementary huetext:
d* and u*

025y 63.7 46.55

258
5.06
-20.03
-32.81
-46.36
-61.4
-78.99

-54.78
-44.42
-13.05
64.92
77.67
89.33

49.88
59.48
67.42
75.37
84.97
82.58
80.04
77.23
73.94
12.98

87.29
75.53
7219
75.54
87.3

88.86
925

98.66
108.2
56.3

-13.12 46.32

Craba Maa

52.76
92.74
84.0

87.14
35.47
59.01
18.01
95.41
39.92

% Gamut
u* g =118

% Regularity

81.26
52.23

-36.63 38.89

30.57

7163
-20.03
-78.99
—-44.42
64.92
89.33
0.0

0.0
58.74
-2.89
-42.42
141

49.88 87.29
84.97 87.3

73.94 1082
-13.12 46.32
-95.07 115.12
-55.68 105.26
0.0 0.0

0.0 0.0

2799 65.07
7156 71.62
136 4455
—46.47 46.49

-95.07 115.12 304 b28r
—74.49 107.62 316 b39r
-55.68 105.26 328 b49r

JOIYO LIS /W00 'awW s Ip1//:dny :Adoo Jo [euibiio ses

yellowish WElEn D
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ue circle and data tables for 16 hues

79.65

2.03

TUB-test chart |E49; Colorimetric systems, Page 3/3

to m750

7968 1

b79r

Yellow J

greenish redish

input: rgb (-=>olv*) setrgbcolor

no change compared to input

Bes'anL W w eIpeUI=ap00 eLeTeW gNL

swieIsAs Ae(dsip fensiA Jo ndino Joj uoieoidde

Sd' /HAd'dN07T16¥731/6%31-T060600¢ -Uo!RJs|

elRyI=opod :RLBEW gNL

Figure 6 — 16-step colour circle in device space with device hue text d* between 000y and m500
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-:l Ritp-/7130.149.60 45/~fa bmeKES JIE52L ONP.PDF/ .S, transfer and output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

Input and output: Television Luminous System TL S18a [TLS18a; adapted () CIELAB data TLS18a; adapted (a) CIELAB data

=L*aaa b'a Crapa : L*=L* b*a  C'apa h*wa
datafor any colour: ) 5362 7408 353 82 76 7163 4988 8729
LAB*LABpgand LAB*LCHna j 57.85 5096 54.35 80. ! 03 8497 87.3
elementary and device hue text: j 67.48 37.89 628 . ! .99 73.94 1082
u*eand u*q j 7612 1807 7039 72 . 42 -13.12 4632
; . j .39 -317 7852 78! 83y . 92 9507 11512
Comraftlr%dua'o" acto j -2991 8312 8834 110 yldl X 33 -55.68 105.26
Cr=1 -59.09 77.66 9759 127 y71l % Gamut .01 0. 00 00
-68.99 48.77 84.49 145 113c el 41 0. 00 00
5687 1823 5072 162 l42¢ Uy =118 92 5874 27.99 6507
-4651 -7.87 4717 190 Issc % Regularity . 89 7156 7162
-30.89 -23.26 3867 217 clov *hpa =22 . 42 136 4455
-16.38 -34.13 37.86 244 cAdv O*cra = 40 30.57 1. -46.47 46.49
144 -47.49 4751 272 c69v
4782 -8225 95.15 300 c95v
8911 -54.33 104.39 329 mOlo
8069 -4.17 80.8 357 m43o
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-:lTUB-teﬁ chart IE52; Colorimetric systems, Page 1/3 input: rgb (—>rgb*) setrgbcolor -:l
Hue circle and data tables for 16 hues r00j to b75r output: no change compared to input

c

-:l Ritp-/7130.149.60 45/~fa bmeirK/ES&NESBLONP.PDF/ PS,; transfer and ouput
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

A

Input and output: Colorimetric Television Luminous System TL S18afor relative CIELAB hue h* = lab*h* = han/360 = 0.755
data for any colour: Data for maximum colour (Ma):

boranL\ ) 2/ ewes=apoo :pLeruw aNnL

Jab*tch* and lab* ncu* [TLS18a; adapted (a) CIELAB data LAB*LAB*\a: 65 1 —47 [TL S18a; adapted (a) CIELAB data
et e J et NameL*=L%, @ D Craa Mag Ma: I el @ D Craa Mapa o
huetext: Ova 52.76 7163 49.88 8729 35 || eSSV EREEERAAL | 5362 7408 353 8206 25 mB50)

g P 9274 2003 84.97 873 lab*rgb*ma: 0.0 0.0 1.0 j 5785 5096 5435 8093 42 olly
840 -7899 7394 1082 . . | 6748 3789 628 7334 50 o035y
§7.14 -44.42 -13.12 46.32 lab*olv*ma: 0.0 0.3 1.0 | 76.12 1807 7039 7267 76 059y
triangle lightness t* 35.47 6492 -95.07 11512 triangle lightness t* I 8539 -3.17 7852 7858 92 083y
5001 8933 -55.68 105.26 (259 9128 2091 8312 8834 110 y10i
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TUB-test chart IE58; Colorimetric systems, Page 13/16 input: rgb (=>rgb*) setrgbcolor
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Figure 7 — Colour circle in elementary space and 5- and 16-step colour series for elementary hue B = b0Or
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Output Linearization of visual displays based on a human visual RGB* colour space

Input and output: Television Luminous System TL S18a
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Figure 8 — 16-step colour circle in elementary hue space with elementary hue text u* between r00j and b75r
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Output Linearization of visual displays based on a human visual RGB* colour space

Fig. 5 to 8 show a device and an elementary hue circle, and 5- and 16- step colour scales in device and elementary
hue space. All data given are for the Television Luminous System TLS18 with L*y = 18 and L*,, = 95.

Fig. 5 to 8 include tables of the CIELAB data of the 8 device and the 4 CIE reference colours of CIE R1-47 and CIE
13.3, which define the elementary hue angles 26, 92, 162, and 272 degrees for RIGB in CIELAB. The three
intermediate colours, for example with the elementary hue text r25j, r50j, r75j are shifted in hue angle by (92-26)/4 =
17 degrees in the sector R — J and similar in the other four sectors. So for every CIELAB hue angle h,, the
elementary hue text u* can be calculated and vice versa. Similar the rgb* colour data of the elementary colour space
can be calculated for the maximum colours. Always at least one of the three rgh* data is 1 and one other is zero. The
intermediate value of the remaining rgb value is 0,25, 0,50, or 0,75.

In the device space the hue angles and the olv* data are similar shifted by 25%, 50% and 75% between the

neighboring colours of the two sectors O —Y and Y — L. For the other four sectors L — C, C -V, V- M, and M- O the
intermediate colours are shifted by 50% between two neighboring colours for a 16-step hue circle.

6. Colorimetric standard and adapted CIELAB data in a hue hexagon

The colorimetric data of television, printing and of elementary colours in an adapted and relative CIELAB chroma
diagram are of special importance for the device output linearization.

The six chromatic colours X=0YLCVM and their linear mixtures create the maximum colours M,. For each adapted
CIELAB hue angle hy, , there is a maximum colour M, with defined CIELAB data L*, C*,;, 5, and h*,, ,.The
linearization, for example according to ISO/IEC TR 19797, produces a 16 step equidistant colour series in the
output.

For output linearization in device space it is recommended to measure a grid of 9x9x9 colours. This is common
practice to define the colour gamut and the colour gamut boundary for colour management.

Fig. 9 shows the TUB-test chart IEQO with a 9x9x9 colour grid G (top) and the TUB-test chart IE32 with a 12x9x9
opponent colour grid O (bottom). The top part shows in addition a 3x9x9 opponent colour grid O. Both parts show at
the right side 9-step and 16-step grey scales which are defined by four PS operators and in addition the 8 basic
colours at the end.

Fig. 10 shows for an LCD display (Apple Cinema Display, 2004) the measurement data of a 48 step hue circle. The
number of hue samples in Fig. 10 is 3fold compared to the hue circle of Fig. 5

For the LCD display the colorimetric data for 48 colours of the device hue circle are given. In addition the data of a 9-
step grey scale is given. In any application the chroma a* and b* of Black and White are all different from zero and all
are different. Therefore a special adaptation method is necessary. Otherwise there is no way to define the CIELAB
hue and to calculate the relative CIELAB data lab*.

If the chroma C*,, of both Black N and White W is less than 3 then both colours appear achromatic. The data in Fig.
10 or 11 show a deviation which is twice of the tolerance of 3 CIELAB, but both Black N and White W may be still be
accepted as achromatic. This has to be tested visually.

By the adaption method given, the tilted axis without adaption is shifted to the vertical axis in the adapted CIELAB
space LCH*, (index a). Still some grey colours have a chroma of about 2 for this device after application of the
adaption method but this chroma value is below the accepted tolerance value of 3 according to ISO/IEC 15775.
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Output Linearization of visual displays based on a human visual RGB* colour space
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Figure 9 — TUB-test charts with x 9x9x9 colour grid G (top) and a 12x9x9 opponent colour grid O (bottom)
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Output Linearization of visual displays based on a human visual RGB* colour space

Colorimetric data of " Standard Original": Television Luminous System TL S11 for CIE lightness L*\=11 of black for illuminant D65

System 11511 v Yellow b* | standard CIELAB (a*, b*) chroma diagram
LCH* =94.1 90.8 100
LAB* =94.1 -15.8 89.4 1004
O Orangered
LCH* =54.2 98.0 37
L Leaf green LAB* =54.2 78.6 58.5
LCH* =84.2 111.2 137 50 -

LAB* =84.2 -81.1 76.1

100 a*

-100 —50
+ % -
M Magentared
LCH* =59.6 102.3 331
LAB* =59.6 89.1 -50.3

C Cyan blue
LCH* =87.2 52.0 190
LAB* =87.2 -51.1 -9.4

V Violet blue
LCH* =33.1 111.9 302
LAB* =33.1 59.3 -94.9

-1007

IE360~7A, Colorimetric data of Television Luminous System TLS11 for CIE standard illuminant D65; L CD monitor; Page: 2/66

Colorimetric data of " Standard Original" : Television Luminous System TL S11 for CIE lightness L*\=11 of black for illuminant D65

System TLS11 color  r=olv*; g=olv*; b=olv*3 L*c=LAB*1c a*=LAB*2c b*c=LAB*3c Crapc=LAB*rc hape Xc=XYZ1c YeXYZze — Ze=XYZ3e  Xo Yo Y/88.59

LCD monitor 00000y 10 00 00 54,21 7864 5852 98.03 37 4214 2217 333 0623 03278 02503
0lol3y 10 0125 00 54.91 76.45 59.02 96.58 38 424 2284 344 06174 03325 02579
02025 10 025 00 57.87 68.1 61.12 915 42 4391 2583 39 05958 03505 02916
03038y 10 0375 00 6222 56.16 64.44 85.47 49 4626 30.66 475 05664 03754 03461
0405y 10 05 00 67.48 2282 68.19 80.31 58 4948 37.27 591 0534 04022 04207
05063y 10 0625 00 7363 2743 72.96 77.94 70 5385 2612 7.39 05016 04296 05206
06075y 10 075 00 80.08 1273 77.89 78.93 81 5914 56.82 92 04725 0454 06414
07 088y 10 0875 00 86,52 -1.05 82,98 82.99 91 6514 69.03 1122 0448 04748 07793
8yl 10 10 00 94.11 -15.83 89.38 90.77 101 7343 8554 138 0425 04951 09655
09y13 0875 10 00 920 211 86.39 90.55 108 64.07 80.71 1354 04047 05098 0911
10y25 075 10 00 90.22 -37.49 83.97 91.96 115 5647 76.78 1328 03854 0524 08667
11y38 0625 10 00 88,56 -48.25 8177 9494 122 4955 73.23 1301 03649 05393 08266
2y500 05 10 00 87.07 -58.61 79.85 99.06 128 436 7014 1275 03447 05545 07917
13y63 0375 10 00 85.89 -67.53 78.43 1035 132 39.02 67.76 1251 03271 0568 07649
14y75 025 10 00 84.97 -74.95 77.13 107.56 136 3555 65.95 124 03121 0579 07444
15y88 0125 10 00 84.37 -79.89 76.36 11052 138 3336 64.77 123 03021 05865 07312
6100c 00 10 00 8421 -81.1 76.13 111.24 138 3283 64.47 1229 0299 05883 07278
17113c 00 10 0125 8425 -80.71 73.57 109.22 139 3298 64.54 1331 02976 05823 07285
18125c 00 10 025 8435 -7862 63.95 10135 143 3371 64.74 17.66 02903 05576 0.7308
19138 00 10 0375 8461 -75.49 51.46 91.37 148 3493 65.24 24.72 02797 05224 07365
20150 00 10 05 84.97 -71.46 38.14 81.01 154 3659 65.95 342 02676 04823 0.7444
21163c 00 10 0625 8543 -66.43 2455 70.83 163 3875 66.85 2623 02552 04403 0.7546
2175c 00 10 075 897 -61.24 119 62.39 173 4115 67.93 59.93 02435 04019 07668
23188 00 10 0875 8654 -56.04 07 56.06 183 437 69.07 7431 02336 03692 0779
24c00v 00 10 10 87.18 -51.1 -9.41 51.97 195 4637 70.38 89.45 02249 03413 07944
25cl3v 00 0875 10 78,68 -3863 -2.32 2462 213 3835 54.38 86.97 02134 03026 06138
26c% 00 075 10 71.08 -26.3 -33.97 2297 233 3233 223 84.93 02026 02651 04775
27c®v 00 0675 10 63.12 -11.97 -46.39 47.92 254 27.09 3173 83.16 01908 02235 0.3582
28c0v 00 05 10 54.95 419 -59.11 59.26 212 2265 2288 81.29 01786 01804 02582
29c63v 00 0375 10  47.37 2146 ~7155 7471 284 1944 163 80.45 01673 01403 0.184
30c75v 00 025 10 402 39.44 -83.05 91.95 294 1699 11.37 79.32 01578 01056 01284
3cgv 00 0125 10 3457 55.15 -9253 107.73 299 1549 829 79.02 01507 00806 0.0935
32v00m 00 00 10 3309 59.26 -949 1119 301 1511 758 78.79 01489 00747 0.0856
33vi3m 0125 00 10 336 60.17 -94.39 111.95 301 1563 7.82 79.26 01522 00761 00882
34v25m 025 00 10 35,64 62.25 -9058 109.92 303 1757 8.82 78.88 01669 00838 0.099
35v38m 0375 00 10 38.78 65.67 -85.41 107.74 306 209 1053 79.21 01889 00952 01189
36vs0m 05 00 10 4238 69.54 -79.14 105.36 310 2519 1275 79.11 02152 01089 01439
37v63m 0625 00 10 4658 74.48 -72.19 10373 315 3101 157 79.49 02457 01244 01772
38v5m 075 00 10 50.83 79.05 -64.9 102.28 320 37.61 19.12 7955 0276 01403 02158
39v88m 0875 00 10 54.98 83.66 -57.89 101,74 324 4497 2291 79.74 03046 01552 02586
40 mo0o 10 00 10 59.56 89.09 -50.27 1023 320 5426 2764 80.12 03349 01706 0312
4 m30 10 00 0875 5835 87.39 -4057 96.35 334 5159 26.33 65.42 03599 01837 02972
42 m»Bo 10 00 075 5723 85.38 -2934 90.29 340 4904 2516 51.28 03908 02005 0284
43m38 10 00 0675 5614 83.38 -16.14 84.93 343 4662 24.05 3777 04299 02218 02715
44 ms00 10 00 05 55.19 8122 -0.89 81.23 359 4443 2311 25.72 04764 02478  0.2609
45me30 10 00 0375 5435 79.62 15.44 811 11 4267 2231 16.14 0526 0275 02518
46 m750 10 00 025 5375 7841 3344 85.24 24 4141 2174 891 05747 03017 02454
47mg8 10 00 0125 5335 775 51.81 93.22 34 4055 21.37 423 0613 0323 02412
48000y 10 00 00 5421 7864 5852 98.03 37 4214 2217 333 0623 03278 02503
49n00w 00 00 00 10.76 551 -39 6.79 0 134 123 171 03134 02867 00139
50 ni3w 0125 0125 0125 1656 487 -331 59 169 233 221 286 03146 02988 0025
51 n2%w 025 025 025 3075 415 -2.76 499 269 661 654 7.89 03142 0311 00739
52 n38w 0375 0375 0375 4353 411 -265 49 292 1348 1352 15.89 03142 03152 01526
5350w 05 05 05 55.06 406 -242 473 297 2273 22,99 2655 03145 03181 02595
54 n63w 0625 0625 0625 6615 369 -18 411 298 3483 3552 4018 03151 03214 0401
55 n75w 075 075 075 7628 324 -0.77 334 301 49.03 50.35 55.64 03163 03248 05683
56 ng8w  0.875 0875 0875 8551 21 0.82 226 299 64.62 67.02 71.95 03174 03292 0.7565
57now 10 10 10 95.41 -0.21 478 479 0 8408 88.59 89.43 03208 0338 10

IE360~7A, Colorimetric data of Television Luminous System TLS11 for CIE standard illuminant D65; L CD monitor; Page: 1/66

Figure 10 —TLS11 measurement data of an LCD display in the standard CIELAB chroma diagram
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Output Linearization of visual displays based on a human visual RGB* colour space

Colorimetric data of " Standard Original": Television Luminous System TL S1l1afor CIE lightness L*ny=11 of black for illuminant D65

%%?or-:-itl_c)rslla Y Yellow b*aA adapted CIELAB ( a*,, b*3) chroma diagram
LCH*3=94.1 86.2 101
LAB*a=94.1 -15.7 84.7 1004
O Orangered
LCH*3=54.2 95.7 37
L Leaf green LAB*g=54.2 76.1 58.0

LCH*3=84.2 109.2 138
LAB*3=84.2 -81.6 725

-100 100 a*y
' ' >

M Magentared
LCH*53=159.6 100.9 329
LAB*3=59.6 86.9 -51.4

C Cyan blue
LCH*53=187.2 53.2 195
LAB*3=87.2 -51.4 -13.3

V Violet blue
LCH*53=33.1 108.4 301
LAB*3=33.1 55.3 —-93.3

-1007

IE360~7A, Colorimetric data of Television Luminous System TLS11afor CIE standard illuminant D65; LCD monitor; Page: 4/66

Colorimetric data of " Standard Original": Television Luminous System TL S11a for CIE lightness L*\=11 of black for illuminant D65

System TLS11a color  r=olv*; g=olv*p b=olv*3 L*s=LAB*1a a*a=LAB*2a b*s=LAB*3a C*apa=LAB*ra hapa Xa=XYZia Ya=XYZ2a Za=XYZza Xa Ya Yo/88.59

L CD monitor 00000y 10 00 00 54,21 76.07 58.0 95.66 37 4129 2217 341 06174 03315 02503
01013y 10 0125 00 54.91 7393 58.43 94.23 38 4158 2284 354 06118 03361 02579
02025y 10 025 00 57.87 65.78 60.22 89.18 2 4312 2583 412 05901 03535 02916
03038 10 0375 00 6222 5413 63.09 83.13 49 4555 30.66 503 05607 03774 03461
04050y 10 05 00 67.48 40.75 66.3 77.82 58 4887 37.27 6.37 05283 04029 04207
05063y 10 0625 00 7363 26.18 70.43 75.13 70 5336 4612 81 049 04287 05206
06075y 10 075 00 80.08 11.91 74.7 75.64 81 588 56.82 10.24 04672 04515 06414
07 088y 10 0875 00 86,52 “144 79.12 79.13 91 6497 69.03 1267 04429 04707 07793
08yo0l 10 10 00 94.11 -15.7 84.73 86.17 101 7349 8554 1581 04203 04892 09655
09y13 0875 10 00 920 -27.11 81.96 86.33 108 64.06 80.71 15.42 03999 05038 0911
10y25 075 10 00 90.22 -37.62 79.72 88.15 115 5642 76.78 15.06 03806 05179 0.8667
11y38 0625 10 00 88,56 -48.49 77.69 9159 122 4946 73.23 1469 036 05331 08266
12y50 05 10 00 87.07 -58.96 75.93 96.14 128 4348 7014 1435 03398 05481 07917
13y63 0375 10 00 85.89 -67.96 74,63 100.94 132 3889 67.76 14.04 03222 05615 07649
14y75 025 10 00 84.97 —75.44 7343 105.28 136 354 65.95 1388 03072 05723 07444
15y88 0125 10 00 84.37 -80.42 7271 108.42 138 3321 64.77 1375 02973 05797 07312
61i00c 00 10 00 8421 -81.64 7251 109.2 138 3268 64.47 1372 02948 05815 07278
17113c 00 10 0125 8425 -81.25 69.95 107.21 139 3283 64.54 14.83 02926 05752 07285
18125c 00 10 025 8435 -79.15 60.31 9951 143 3355 64.74 19.49 02849 05497 07308
19138 00 10 0375 8461 -76.0 47.79 89.79 148 3478 65.24 27.01 02738 05136 0.7365
2015c 00 10 05 84.97 -71.95 3443 79.78 154 3644 65.95 37.07 02613 04729 07444
21163c 00 10 0625 8543 -66.89 208 70.06 163 3861 66.85 4978 02487 04306 0.7546
22175 00 10 075 8597 -61.66 8.09 62.2 173 4102 67.93 64.21 02369 03923 07668
23188c 00 10 0875 8654 -56.43 -315 56.52 183 4357 69.07 79.31 0227 03598 0779
24c00v 00 10 10 87.18 -51.44 -13.34 5315 195 4625 70.38 9.2 02184 03322 07944
25c¢3v 00 0875 10 78,68 -39.54 -25.37 26,99 213 3806 54.38 91.34 02071 02959 06138
2%6cBv 00 075 10 71.08 -21.73 -36.23 4564 233 3193 223 88.11 01967 02606 04775
27cdv 00 0675 10 63.12 -13.94 -47.83 4984 254 2661 3173 85.14 01854 02212 03582
28c0v 00 05 10 54.95 167 -59.7 59.74 22 21 2288 82,09 01739 018 02582
29c63v 00 0375 10 4737 1843 -71.36 7371 284 1885 163 80.21 01634 01413 0184
30cBv 00 025 10 402 3592 -82.13 89.65 294 1636 11.37 78.1 01546 01074 01284
31c88v 00 0125 10 3457 51.25 -91.02 104.47 299 1484 829 77.05 01481 00827 0.0935
32v00m 00 00 10 3309 55.26 -93.24 1084 301 1445 758 76.63 01465 00768 0.0856
33vi3m 0125 00 10 336 56.21 -9278 108.49 301 14.96 7.82 77.15 01497 00782 00882
34v25m 025 00 10 35,64 58.43 -89.19 106.63 303 1687 8.82 77.06 01642 00859 0.0996
35v38m 0375 00 10 38.78 62.05 -84.34 104.72 306 2016 1053 778 01858 00971 01189
36 vm 05 00 10 4238 66.17 -78.44 102,63 310 244 1275 78.19 02116 01105 01439
37 v63m 0625 00 10 4658 71.39 -71.92 101,35 315 3018 157 79.14 02414 01256 01772
38vBM 075 00 10 50.83 76.25 -65.07 100.25 320 3676 19.12 79.78 0271 01409 02158
39v88m 0875 00 10 54.98 8114 -58.49 100.03 324 241 2291 80.55 02989 01553 02586
4 mo0o 10 00 10 59.56 86.88 -51.35 100.93 329 534 2764 81.56 03284 017 0312
4 m30 10 00 0875 5835 85.1 -4152 94,69 334 5073 26.33 66,53 03533 01834 02972
42 m»Bo 10 00 075 5723 83.02 -3018 88.34 340 4817 2516 5211 0334 02006 0284
43 m38 10 00 0675 5614 80.94 -16.86 82,68 343 4576 24.05 3835 0423 02224 02715
44m500 10 00 05 55.19 7872 -152 78.73 359 4358 2311 26.11 04696 0249 02609
45m630 10 00 0375 5435 77.06 1491 78.48 11 4182 2231 16.39 05194 02771 02518
46 ms0 10 00 025 5375 75.81 3296 82,67 24 4056 2174 9.05 05685 03047 02454
47 mg8 10 00 0125 5335 74.87 51.38 2028 34 3971 2137 432 06072 03268 02412
48000y 10 00 00 5421 76.07 58.0 95.66 37 4129 2217 341 06174 03315 02503
4900w 00 00 00 10.76 0.0 00 001 0 117 123 134 03127 0329 00139
50 nl3w 0125 0125 0125 1656 -0.23 0.05 025 169 209 221 24 03119 03299 0025
51n2%w 025 025 025 3075 0.0 -0.86 087 269 622 654 7.36 03091 03252 00739
52 n38w 0375 0375 0375 4353 0.82 -2.07 224 292 1297 1352 1563 0308 03209 01526
53n50w 05 05 05 55.06 155 -3.03 3.42 297 2218 22,99 26.95 03076 03188 02595
54 n63w 0625 0625 0625 6615 193 -355 405 298 3432 3552 4167 03077 03186 0401
55n75w 075 075 075 7628 217 -358 419 301 4864 50.35 58,62 03086 03195 05683
56 ng8w 0875 0875 0875 8551 165 -2.93 337 299 64.42 67.02 76.71 03095 032 07565
57n99w 10 10 10 95.41 0.0 00 001 0 842 88.59 96.46 03127 0329 10
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Figure 11 —TLS11la measurement data of a LCD display in the adapted CIELAB chroma diagram
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Output Linearization of visual displays based on a human visual RGB* colour space

Colorimetric data of " Standard Original": Television Luminous System TL S70a for CIE lightness L*ny=70 of black for illuminant D65

stem TLS70 b :
System T1 5702 v Vellow a 4 adapted CIELAB ( a*,, b*;) chroma diagram
D65 reflection:
Yn = 40.32 LCH*3=94.7 35.6 104
e LAB*3=94.7 -85 34.6 1004
O Orangered
LCH*g=77.2 30.6 22
L Leaf green LAB*g=77.2 283 11.7
LCH*=89.5 45.2 143 50 +

LAB*3=89.5 —-36.3 26.9

-100 -50 50 100 a4
: : 4D . .
; ; & ; ;
M Magentared
LCH*4=79.0 42.5 328
_504 LAB*5=79.0 36.0 -22.7
C Cyan blue
LCH*4=91.0 25.8 196 _
LAB*3=91.0 -24.8 -7.1 V Violet blue

LCH*g=72.1 34.7 290
LAB*g=72.1 11.8 —-32.6

-1007
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Colorimetric data of " Standard Original" : Television Luminous System TL S70a for CIE lightness L* =70 of black for illuminant D65

System TLS70a color  r=olv*1 g=olv*p b=olv*3 L*s=LAB*1a a*a=LAB*2a b*s=LAB*3a C*apa=LAB*anahaba Xa=XYZia Ya=XYZ2a Za=XYZza Xa Ya Y4/88.59
L CD monitor 00000y 10 00 00 77.22 283 11.69 30.62 22 6049 51.89 4505 03842 03296 05971
0lol3y 10 0125 00 77.44 21.72 11.99 30.21 23 6065 5226 4512 03838 03307 06014
D65 reflection: 02902y 10 025 00 78.41 25,53 1332 28.8 28 615 53.91 45.44 03823 03352 06204
© 0303y 10 0375 00 79.94 2204 15.41 26.9 3B 6284 56.58 4594 038 03422 06511
Yn =40.32 04 050y 1.0 05 0.0 81.96 17.53 18.1 252 46 6467 60.23 46.68 03769 0351  0.6931
L*n = 69.7 05063y 10 0625 00 84.55 11.96 2153 24,63 61 6716 65.13 47.63 03733 0362 0749
N : 06075y 10 075 00 87.5 5.76 25.38 26.02 77 7016 71.04 48.82 03692 03738 08174
07 088y 10 0875 00 90.68 -0.73 29.47 29.47 91 7357 77.78 50.16 03651 0386 08951
08yol 10 10 00 94.7 -8.44 34.63 35.65 104 7828 869 51.9 03606 04003 10

09yl 087 10 00 93.55 -14.14 32.87 35.79 13 7307 84.23 51.68 03496 04031 09693
10y251 075 10 00 926 -19.06 3144 36.77 121 6885 82.07 51.48 03402 04055 09443
11y38 0625 10 00 91.73 -23.82 3014 38.42 128 650 801 51.28 0331 04079 09217
22y50 05 10 00 90.96 -28.08 290 4038 134 617 784 51.09 03227 04101 09021

13y63 0375 10 00 90.36 -3151 28.14 4225 138 59.16 77.08 50.92 03161 04118 0887
14y750 025 10 00 89.9 -34.2 27.43 4385 141 57.24 76.08 50.83 03108 04131 08754

15y88 0125 10 00 89.59 -35.89 26.98 44,91 143 5603 7543 50.76 03075 0414 0868
16100c 00 10 00 89.52 -36.29 26.86 4516 143 5573 75.26 50.74 03067 04141 08661
17113c 00 10 0125 8953 -36.16 26.27 247 144 5582 753 51.35 03059 04127 08665
18125c 00 10 025 8959 -35.39 238 42.66 146 56.21 75.41 53.93 0303 04064 08678

19138 00 10 0375 8972 -34.27 20.06 39.71 150  56.89 75.69 58.00 02984 0397 0871
20150c 00 10 05 89.9 -32.79 15.36 36.22 155 57.81 76.08 63.64 02927 03851 08754
21163c 00 10 0625 9013 -30.89 9.82 3242 162  59.01 76.58 70.67 02861 03713 08812

22175 00 10 075 904 -28.88 401 29.17 172 60.34 7717 78.64 02792 0357 0838
23188 00 10 0875 90.69 -26.8 -162 26.86 183  6L75 77.8 86.98 02726 03435 08953
24c00v 00 10 10 91.02 -24.78 -71 25.79 19 6323 7853 95.76 02662 03306 09036
25cl3v 00 0875 10 86.84 -17.45 -12.86 21.69 216 5871 69.69 93.63 02644 03139 08019
26c2%v 00 075 10 83.45 -11.18 -175 20.78 237 5532 63.01 91.84 02632 02998 0.7251
27c3v 00 0675 10 80.28 -5.05 -21.84 2242 257 5238 57.17 90.21 02622 02862 06579
28c5v 00 05 10 77.45 053 -25.54 25.55 271 4989 5228 88.52 02616 02742 06016
29c6v 00 0375 10 75.23 518 -28.62 29.1 280 4809 48.65 87.48 0261 02641 05598
30c5v 00 025 10 735 884 -30.79 3204 286 4672 4592 86.31 02611 02566 05285
31c8v 00 0125 10 72.38 11.29 -323 34.23 289 4587 44.22 85.73 02609 02515 05088
32v00m 00 00 10 7211 118 -32.58 34.66 290 4566 43.83 855 02609 02505 05044
33vi3m 0125 00 10 72.2 12.23 -32.64 34.87 291 4594 43.96 85.79 02615 02502 05058
34v25m 025 00 10 72.57 1361 -31.97 34.75 293 470 4452 85.74 02651 02511 05122
35v38m 0375 00 10 73.19 15.96 -31.19 35.04 297 4881 45.46 86.15 02706 0252 05231
36v5m 05 00 10 73.99 18.86 -29.98 35.42 302 5116 46.68 86.37 02777 02534 05372

37 v63m 0625 00 10 75.02 22,68 -28.56 36.48 308 5435 4832 86.89 02867 02549 0556
38v75m 075 00 10 76.2 26.68 -26.79 37.82 315 57.99 50.21 87.24 02967 02569 05777
39 v88m 0875 00 10 77.46 30,89 -24.91 39.69 321 6204 523 87.67 03071 02589 06018
4 m0o 10 00 10 78.99 3595 -22.67 4251 328 67.18 54.91 88.23 03194 02611 06319
41 mi3o 10 00 0875 7857 34.47 -17.35 38.59 333 657 54.19 79.92 03288 02712 06236
42 m50 10 00 075 7819 3291 -11.79 34.97 340 64.29 5354 71.96 03388 02821 06161
43m3 10 00 0675 77.83 31.41 -6.05 31.99 349 629 5293 64.35 03493 02937 06091
44m500 10 00 05 77.53 29.94 -0.48 29.94 359  6L75 5241 57.59 03595 03052 0.6031

45m630 10 00 0375 7726 28.79 4.25 291 8 6078 51.97 52.22 03684 0315 0598
46 ms0 10 00 025 7707 27.9 808 291 16 60.09 51.65 4816 03758 0323 05944

47m880 10 00 0125 7695 2737 10.68 29.38 21 5962 51.45 4555 03807 03285 0592
48000y 10 00 00 77.22 283 11.69 30.62 22 6049 51.89 4505 03842 03296 05971

4900w 00 00 00 69.7 0.0 00 0.01 0 33 4032 439 03127 0329 0464
50 nl3w 0125 0125 0125 70.08 -001 0.0 002 169 3883 40.86 44.49 03127 03291 04702
51 n25w 025 025 025 7173 0.0 -0.13 0.14 269 4111 43.26 47.23 03124 03287 04978
52 n38w 0375 0375 0375 74.26 02 -05 055 291 4484 4711 51.8 03119 03277 05421
53n50w 05 05 05 77.49 05 -0.98 111 297  49.93 5234 58.05 03114 03265 06023

54 n63w 0625 0625 0625 8144 0.76 -141 161 298  56.64 59.27 66.19 0311 03255 0682
55 n75w 075 075 075 8574 0.99 -164 193 301 6455 67.46 75.55 0311 0325 07763
56 ng8w 0875 0875 0875 90.17 0.83 -1.49 171 299 7327 76.67 85.55 03111 03256 08823
57n%w 10 10 10 95.41 0.0 00 0.01 0 82 83.59 96,44 03127 0329 10194

n=8859/ (8859 - 1.23) = 1.014

IE360-7A, Colorimetric data of Television Luminous System TLS70afor CIE standard illuminant D65; LCD monitor; Page: 21/66

Figure 12 —TTLS70a calculated data of a LCD display in the adapted CIELAB chroma diagram
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Output Linearization of visual displays based on a human visual RGB* colour space

7. Normalization method for displays between standard and adapted CIELAB

Usually for Black N and White W the chroma is different from zero. In addition because of in-device-stray light the
luminance reflectance is about 1% of the white display. This was the case for the LCD display measured in Fig. 10.
In the following a reference display TLS18 with the lightness L*y =18 for Black N is assumed. For this reference
display the chroma of both Black N and White W is already zero. A transformation method for the calculation of the
device colours OYLCVM in CIELAB is intended. This numerical method is presented in Fig. 13 and 14.

A silk glossy colour surface is studied, which is for example given for the standard offset colours on standard offset
paper. In this case there is always a so called “white feet” for any colour including black, compare the reflection factor
for a elementary colour Yellow J in Fig. 13. However, the elementary optimal colour J, has no white feet.
Mathematical reduction of the reflection by 2,5% and addition of 2,5% white light creates a “white feet” for the
optimal colour. Some further total reduction may make the original elementary optimal colour Yellow J,, very similar to
the surface colour Yellow J.

It has been shown, that a 2,5% change in luminance reflection changes the lightness from L*y = 0 to L*,, = 18 for
Black N. This is an appearance change by a factor 0,82. Something similar happens for the chroma of any colour if
only 2,5% of white light is added. A large range can be produced by adding 8 different amounts of white light to any
optimal colour or to any colour of an LCD display or a data projector. The result is shown in Fig. 14 for eight reflection
conditions. The eight colour data are calculated for the eight spaces TLS(00/06/11/18/27/38/52/70)a.

Colorimetric " Standard data": Television Luminous System TL S18 for CIE lightness L*\=18 of black for illuminant D65

System TL S18 Color r=olv*1 g=olv*s b=olv*3 L* a* b C*ap  hap X=XYZ1 Y=XYZ> Z=XYZ3 X y Y/88.59
SRGB system O(R)10 00 00 5276 7L63 498 8729 35 37.89 20,83 4.41 0.6003 03299 02351
Y 10 10 00 9274 -2003 8497 873 103 68.67 82.37 14.66 04144 04971 0.9298
D65 reflection: L(@) 00 10 00 840 -7899 7394 1082 137 3317 64.07 130 03009 05812 07231
: C 00 10 10 8714 -4442 -1312 4633 196 4871 70.29 94.77 02279 03288 0.7934
YN = 2.52 V()00 00 10 319 2446 -37.38 4468 303 936 7.04 235 02346 01764 00795
L*y = 18.01 M 10 00 10 5901 8933 -1943 9142 348 5342 27.04 44.81 04265 02158 03052
N=18. N 00 00 00 1801 00 00 001 0 24 252 274 03127 0329 00284
W 10 10 10 9541 00 00 001 0 842 88.59 96.46 03127 0329 10
NO 00 00 00 1801 00 00 001 0 24 252 274 03127 0329 00284
Wi 10 10 10 9541 00 00 001 0 842 88.59 96.46 03127 0329 10

Colorimetric " Adapted data ()" : Television Luminous System TL S18a for CIE lightness L*\=18 of black for illuminant D65

System TLS18a  cColor r=olv*1 g=olv*» b=olv*3 L*a a*q b*a C*apa haba Xa=XYZ1a Ya=XYZ2a Za=XYZ3a Xa Va  Ya/8859
SRGB system OR) 10 00 00 5276 7163 4988 8729 35 37.89 20.83 a4 06003 0.3299 0.2351
Yy 10 10 00 9274 -2003 8497 873 103 6867 82.37 14.66 04144 04971 09298
D65 reflection: LG 00 10 00 840  -7899 7394 1082 137 3317 64.07 130 03009 05812 0.7231
: C 00 10 10 8714 -4442 -1312 4633 196 4871 7029 94.77 02279 03283 0.7934
YN = 2.52 V(@®) 00 00 10 319 2446 -37.33 4468 303 936 7.04 235 0.2346 0.1764 0.0795
L*n = 1801 M 10 00 10 5001 8933 -1943 9142 348 5342 27.04 4481 04265 02158 0.3052
N =1s. N 00 00 00 1801 00 0.0 001 0 24 252 274 03127 0329 00284
W 10 10 10 9541 00 0.0 001 0 842 88.59 96.46 03127 0329 10
NO 00 00 00 1801 00 0.0 001 0 24 252 274 03127 0329 00284
wi 10 10 10 9541 00 0.0 001 0 842 83.59 96.46 03127 0329 10

Colorimetric " Adapted data (a0)" : Television Luminous System TL S00a0 for CIE lightness L*y=00 of black for illuminant D65

System TLS00a0 color r=olv*; g=olv*p b=olv*3 L*ag  &*a0  b*a0  C*apa0 habao Xao=XYZ1a0 Ya0=XYZ220 Za0=XYZ340 X0  Yao Ya0/8859

SRGB system O(R)10 00 00 505 7692 6455 10042 40 3654=k(37.89-24) 18.84=k(2083-252) 171=k(441-2.74) 064 033 02127

Y 10 10 00 9266 -2068 9075 9308 103 68.22=k(68.67-24) 82.19=k(82.37-2.52) 12.27=k(14.66-2.74) 04193 05053 0.9278

D65 reflection: L() 00 10 00 8362 -8274 799 11503 136 3168=k(33.17-24)  63.35=k(64.07-252) 1055=k(13.0-2.74) 03 06 0715

: C 00 10 10 8688 —4615 -1354 4811 196 47.67=k(48.71-24)  69.76=k(70.29-252) 94.72=k(94.77-2.74) 0.2247 0.3288 0.7874

YN = 0.0 V()00 00 10 2572 3145 -4428 5432 305 7.17=k(9.36-2.4) 465=K(7.04-252) ~ 21.37=k(235-2.74) 02161 0.1402 00525

L*n = 0.0 M 10 00 10 573 9435 -2068 9659 348 5252=k(53.42-2.4)  2524=k(27.04-2.52) 433=k(44.81-2.74) 04339 02085 02849
N=0. N 00 00 00 00 00 00 001 358 0.0=k(24-2.4) 0.0=k(2.52-2.52) 0.0=k(2.74-2.74) 00 00 00
k=gs50/(s8s0-257 W 10 10 10 %4l 00 00 001 0  842=k(84.2-2.4) 88.59=k(88.59-2.52) 96.46=k(96.46-2.74) 03127 0329 1.0
=88 59 -2. NO 00 00 00 00 00 00 001 358 0.0=k(2.4-2.4) 0.0=k(2.52-2.52) 0.0=k(2.74-2.74) 00 00 00
=1029 Wi 10 10 10 9541 00 00 001 0 842=k(84.2-2.4) 88.59=k(88.59-2.52) 96.46=k(96.46-2.74) 03127 0329 10

|E340-7A, Colorimetric data of Television Luminous System TLS18 for CIE standard illuminant D65; SRGB-System; Page: 1/3
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Figure 13 —Television and elementary colours J and J, in the adapted and relative CIELAB chroma diagram
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Output Linearization of visual displays based on a human visual RGB* colour space

Colorimetric " Adapted data (a0)": Television Luminous System TL S00a0 for CIE lightness L*\=00 of black for illuminant D65

System TLS00a0 color r=olv*y g=olv*p b=olv*3 L*sy  a*a0 b* 20 C*apa0 Nab.ao Xa0=XYZ120 Ya0=XYZ220 Za0=XYZ320 X0  Yao Ya0/88.59
SRGB system OR)10 00 00 505 7692 6455  100.42 3654=K(37.89-24)  18.84=k(20.83-2.52) 171=k(4.41-274) 064 033 02127
10 10 00 9266 -2068 9075 9308 103 k ) 12.27-k(14.66-2.74) 0.4193 05053 09278
D65 reflection: LG 00 10 00 8362 -8274 799 11503 136 ) 1055=k(13.0-2.74) 03 _ 06 0715
: cC 00 10 10 8688 -4615 -1354 4811 1% ) 94.72=k(94.77-2.74) 0.2247 03288 0.7874
Yn = 0.0 V(@B) 00 00 10 2572 3145 4428 5432 305 21.37=1 k(23 5-2. 74) 02161 0.1402 0.0525
L'u=00 B W uE Ee owe ) e b g p
k = 88.59/ (88.59 - 2.52) w 1.0 1.0 1.0 95.41 0.0 0.0 001 O 84.2 ) 96.46=| k(96 46-2. 74) 03127 0329 1.0
-1.029 NO 00 00 00 0.0 00 00 001 358 0.0ck(24-2.4) 0.0=K(2.74-2.74) 00 00 00
wi 10 10 10 9541 00 00 001 0 84.2=k(84.2-24) ) 96.46=k(96.46-2.74) 03127 0329 10
Calculated colorimetric data: Television Luminous Systems TL Sxxa for CIE lightness L*n=00, 06, 11, 18 of black for illuminant D65
System TLS00a  color r=olv1 g=olv*» b=olv*3 L*5 a*a b*a C*aba haba Xa=XYZ1a Ya=XYZ2a Za=XYZ3a Xa Ya  Ya/8859
SRGB system OR) 10 00 00 505 7692 6455 10042 40 3654(=3654n+0.0)  18.84(=18.84n+0.0)  171(=171n+0.0) O, 033 02127
Y 10 10 00 9266 -2068 9075 9308 103 68.22(=6822n+0.0)  82.19(=82.19n+0.0) . 05053 0.9278
D65 reflection: L(G) 00 10 00 8362 -8274 799 11503 136 31.68(=3168n+0.0)  63.35(=63.35n+0.0) 06 0715
lon: cC 00 10 10 8688 4615 -1354 4811 196 47.67(=47.67n+0.0) eg 76(=69.76n+0.0) 0.3288 0.7874
Yn = 0.0 V(@) 00 00 10 2572 3145 4428 5432 305 7 17( 7.17n+0.0) 65(=4.65n+0.0) 0.1402 0.0525
L*n = 0.0 M 10 00 10 573 9435 2068 9659 348 5252(=5252n+0.0) 25 24(=25.24n+0.0) 0.2085 0.2849
N=0. N 00 00 00 0.0 00 00 00 358 0n+0.0) 0.0(=0.0n+0.0) 00 00
-(8850-00)/8859 W 10 10 10 9541 00 00 00 0 2n+0.0) 88.59(=88.59n+0.0) 0329 10
—10 NO 00 00 00 0.0 00 00 00 358  0.0(=0.0n+0.0) 0.0(=0.0n+0.0) 00 00
wi 10 10 10 9541 00 00 00 0  84.2(=84.2n+0.0) 88.59(=88.59n+0.0) 0329 10
System TLS06a  color r=olv1 g=olv*, b=olv*3 L*5 a*a b*a C*aba haba Xa=XYZia Ya=XYZ2a Ya  Ya/8859
SRGB system OR)10 00 00 5108 7554 5969 9628 38  36.88(=3654n+0.6)  19.34(=18.84n+0.63) 033 02183
10 10 00 9268 -2051 8924 9157 103 68.33(=68.22n+0.6)  82.24(=82.19n+0.63) 05032 0.9283
D65 r eflection: L(G 00 10 00 8372 -8L79 7832 11325 136 32.05(=3L68n+0.6)  6353(=63.35n+0.63) 05952 0.7171
: 00 10 10 86.94 4572 -1343 4766 196 47.93(=47.67n+0.6)  69.89(=69.76n+0.63) 0.3288 0.7889
Yn = 0.63 V(@) 00 00 10 2744 2931 -4229 5146 305 7 72( 7.17n+0.6) 5.25(=4.65n+0.63) 0.1506 0.0593
L*n = 5.69 10 00 10 57.74 9306 -20.36 9527 348 52.75(=5252n+0.6) 25 69(=25.24n+0.63) 0.2104 0.2899
N =2 N 00 00 00 569 00 00 00 357 0n+0.6) 63(=0.0n+0.63) 0329 00071
n=(8859-063)/8859 W 10 10 10 95.41 0.0 0.0 0.0 0 .2n+0.6) 88 59( 88.59n+0.63) 0329 10
0093 NO 00 00 00 569 00 00 00 357  0.6(=0.0n+0.6) 0.63(=0.0n+0.63) 0329 00071
wi 10 10 10 9541 00 00 00 0  84.2(=84.2n+06) 88.59(=88.59n+0.63) 0329 10
System TLS11a  color r=olv1 g=olv*; b=olv*3 L*5 E b*a C*aba haba Xa=XYZ1ia Ya=XYZ2a Ya  Ya/8859
SRGB system O(R)10 00 00 5165 7421 5583 9286 37 37.22(=3654n+12)  19.84(=18.84n+1.26) 033 02239
10 10 00 927  -2035 8777 901 103 6844(=6822n+12)  8228(=82.19n+1.26) 05011 0.9283
D65 r eflection: L(G 00 10 00 8381 -8085 768l 11152 136 3242(=3L68n+12)  63.71(=63.35n+126) 05904 0.7191
: 00 10 10 8701 -4528 -1333 4722 196 48.19(=47.67n+12) 70 02(=69.76n+1.26) 0.3288 0.7904
YN =1.26 V(@) 00 00 10 2902 2748 -4049 4895 304 8.27(=7.17n+12) 85(=4.65n+1.26) 016  0.066
L*n =110 10 00 10 5817 918  -2004 9396 348 5297(=5252n+12) 26 14(=25.24n+1.26) 02122 0295
N=11 N 00 00 00 1099 00 00 00 358 12(=0.0n+12) 1.26(=0.0n+1.26) 0329 00142
n=(8859-126)/8859 W 10 10 10 95.41 0.0 0.0 0.0 0 .2n+1.2) 88.59(=88.59n+1.26) 0329 10
=0.086 NO 00 00 00 1099 00 00 00 358 0n+1.2) 1.26(=0.0n+1.26) 0329 00142
wi 10 10 10 %41 00 00 00 0 2n+1.2) 88.59(=88.59n+1.26) 0329 10
System TLS18a  color r=olv1 g=olv*, b=olv*3 L*5 a*y b*a C*aba haba Xa=XYZ1ia Ya=XYZ2a Ya  Ya/8859
SRGB system O(R)10 00 00 5276 7163 4988 8729 35 37.89(=3654n+2.4)  20.83(=18.84n+252) 4. . 0.3299 0.2351
10 10 00 9274 -2003 8497 873 103 68.67(=68.22n+24)  82.37(=82.19n+252) 14.66(=12.27n+2.74) 04144 04971 0.9298
D65 reflection: L(G 00 10 00 840  -7899 7394 1082 137 3317(=3L68n+24)  64.07(=63.35n+252) 130(=1055n+2.74) 0.3009 05812 0.7231
: 00 10 10 8714 -4442 -1312 4633 196 48.71(=47.67n+2.4)  70.29(=69.76n+2.52) 94.77( . . .
YN = 2.52 V(@) 00 00 10 319 2446 -37.38 4468 303 9. 36( 7.17n+2. 4) 7.04(=4.65n+2.52) . X
Uwsison MU BB mm M oamome o secemes gmcainen B
- - . . . . . . . n+. . .
n = (88,59 - 2.52) / 88.59 w 10 10 10 95.41 0.0 0.0 0.0 0 88.59(=88.59n+2.52) . A
=0972 NO 00 00 00 1801 00 00 00 357 2.52(=0.0n+2.52) 2.7 . X
Wi 10 10 10 9541 00 0.0 00 0  842(=84.2n+2.4) 88.59(=88.50n+2.52) 96.46(=96.46n+2.74) 03127 0329 1.0
IE340~7A, Colorimetric data of Television Luminous System TLS18afor CIE standard illuminant D65; SRGB-System; Page: 2/3
Colorimetric " Adapted data (a0)": Television Luminous System TL S00a0 for CIE lightness L* =00 of black for illuminant D65
System TLS00a0 color r=olv*y g=olv*; b=olv*3 L*s  a*a0 b* 20 C*aba0 Nabao Xa0=XYZ1a0 Ya0=XYZ2a0 Za0=XYZ3a0 Xa0  Ya0 Ya0/88.59)
SRGB system o (R0 00 00 505 7692 6455 10042 40 36.54=k(37.89-24)  18.84=k(20.83-252) 171=k(441-274) 064 033 02127
10 10 00 9266 -2068 9075 9308 103 68.22=k(68.67-24)  82.1 . 12.27=k(14.66-2.74) 0.4193 05053 09278
D65 reflection: L (G 00 10 00 8362 -8274 799 11503 136 3168=k(33.17-2.4) ) 1055=k(130-2.74) 03 _ 06 0715
: cC 00 10 10 86.88 4615 -1354 4811 196 47.67=k(48.71-2.4) ) 94.72=k(94.77-2.74) 0.2247 03288 0.7874
Yn =0.0 V(@B) 00 00 10 2572 3145 4428 5432 305 7.17=K(9.36-2.4) 21.37=k(235-2.74) 02161 01402 0.0525
L*n =00 M 10 00 10 57.3 9435 -2068 9659 348 5252=k(53.42-2.4) ) 433-Kk(44.81-2.74) 04339 02085 0.2849
N=0. N 00 00 00 0.0 00 00 001 358 0.0=k(24-2.4) ( 52) 0.0=K(2.74-2.74) 0.0 0 00
k=8850/(8850-252 W 10 10 10 9541 00 00 001 0  84.2=K(84.2-24) 8B.50-K(83.50-252) 06.46-K(%6.46-274) 03127 0329 10
-1.029 NO 00 00 00 0.0 00 00 001 358 0.0=k(24-2.4) 0.0=k(2.52-2.52) 0.0=K(2.74-2.74) 0.0 0 00
Wi 10 10 10 9541 00 00 001 0 84.2=k(84.2-24) 88.59-K(88.59-2.52) 96.46=k(96.46-2.74) 03127 0329 10
Calculated colorimetric data: Television Luminous Systems TL Sxxa for CIE lightness L*\=27, 33, 52, 70 of black for illuminant D65
System TLS27a  color r=olv*1 g=olv*» b=olv*3 L*5 a*a b*a C*aba Naba Xa=XYZia Ya=XYZ24 Za=XYZ3a Xa Va  Ya/8859
SRGB system (R) 1 o 00 00 5488 6684 4169 7878 32 39.25(=3654n+4.79) 22.81(=18.84n+504)  7.1(=1.71n+549) 05675 0.3298 0.2575
10 00 9282 -1939 7981 8213 104 69.12(=68.22n+4.79) 82.56(=82.19n+5.04) 04097 04893 09319
D65 reflection: L ) o 0 10 00 8437 7539 6876 10204 138 34.66(=3L68n+4.79) 64.78(=63.35n+5.04) 03017 05639 0.7313
: 00 10 10 874  -4272 127 4458 197 49.75(=47.67n+4.79) 70 83(=69.76n+5.04) 0231 03288 0.7995
Yn = 5.04 v (00 00 10 368 2012 -3247 382 302 1155(=7.17n+4.79) 43(=4.65n+5.04) 0.2478 02022 0.1064
L*n = 26.85 M 10 00 10 60.64 8461 -1827 8656 348 54.33(=52.52n+4.79) 28 84(=2524n+5.04) 04195 02227 0.3255
N = 26. N 00 00 00 2685 00 00 00 0 4, 79( 0.0n+4.79) 5.04(=0.0n+5.04) 03127 0329 0.0569
=(8850-504/8859 W 10 10 10 9541 00 00 00 0 ss 59(=88.50n+5.04) 03127 0329 10
0043 NO 00 00 00 2685 00 00 00 0 04(=0.0n+5.04) 03127 0329 0.0569
Wi 10 10 10 9541 00 00 00 0  842(=84.2n+479) ss 50(=88.59n+5.04) 03127 0329 10
System TLS38a  color r=olv1 g=olv*, b=olv*3 L*5 a*a b*a C*aba Naba Xa=XYZ1ia Ya=XYZ24 Xa Va  Ya/8859
SRGB system OR)10 00 00 5877 5845 3173 665 28 4196(=3654n+9.58) 26.78(=18.84n+10.08) 05166 03297 0.3023
10 10 00 9298 -1811 7081 7309 104 70.03(=68.22n+9.58) 82.92(=82.19n+10.08) 21.85(=12.27n+10.98) 0.4006 0.4744 0.936
D65 reflection: LG 00 10 00 8511 -6858 6002 9114 139 37.65(=31.68n+9.58) 66.22(=63.35n+10.08) 20.33(=10.55n+10.98) 0.3032 0.5332 0.7475
: 00 10 10 87.02 -3942 -1187 4119 197 5183(=47.67n+9.58) 71.9(=69.76n+10.08) =04.72n+10.98) 0.237 03283 0.8116
Yn = 10.08 V(@B) 00 00 10 4452 1484 -2565 2064 300 1594(=7.17n+958)  14.2(=4.65n+10.08) 1.37n+10.98) 0.2654 0.2365 0.1603
L*n = 37.99 10 00 10 6371 7592 -1619 7763 348 56.13(=5252n+9.58) 32.44(=25.24n+10.08) 49.35(=433n+10.98) 0.407 0.2352 0.3662
N=37. N 00 00 00 3799 00 00 00 O 958(=0.0n+9.58) ~ 10.08(=0.0n+10.08) 0n+10.98)  0.3127 0329 01138
n=(8850-1008)/8859 W 10 10 10 9541 00 00 00 0 84 2(—84 2n+958)  88:59(=88.59n+10.08) 6.46n+10.98) 0.3127 0329 1.0
-0.886 NO 00 00 00 3799 00 00 00 0 ) 10.08(=0.0n+10.08) 98(=0.0n+10.98)  0.3127 0329 0.1138
wli 10 10 10 9541 00 00 00 0 84 2( 8421+958)  88.59(=88.59n+10.08) 96.46(=96.46n+10.98) 0.3127 0329 10
System TLS52a  color r=olv*1 g=olv*, b=olv*3 L*5 a*a b*a C*aba Naba Xa=XYZia Ya=XYZ24 Za=XYZ3a Xa Va  Ya/8859
SRGB system OR)10 00 00 6553 4506 2098 4971 25 47.38(=36.54n+19.16) 34.72(=18.84n+20.16) =171n+21.95) 04497 03295 0.3919
10 10 00 933  -1561 5627 584 106 7185(=68.22n+19.16) 83.65(=82.19n+20.16) 227n+21.95) 0.3844 04475 0.9442
D65 reflection: LG 00 10 00 8655 -56.31 4652 7305 140 43.63(=31.68n+19.16) 69.09(=63.35n+20.16) 95) 0.3055 04838 0.7799
: 00 10 10 88.94 -3319 -10.24 3475 197 5598(=47.67n+19.16) 74.04(=69.76n+20.16) =94.72n+21.95) 0.2487 0.3289 0.8358
Yn = 20.16 V(@B) 00 00 10 5584 942 -175 1988 298 24.7(=7.17n+19.16)  23.75(=4.65n+20.16) 38 46( 21.37n+21.95) 0.2842 0.2733 0.2681
L*n = 52,02 10 00 10 69.22 6095 -1272 6227 348 59.73(=5252n+19.16) 39.65(=25.24n+20.16) X 03859 02562 0.4476
N =52 N 00 00 00 5202 00 00 00 0  19.16(=0.0n+19.16) ~ 20.16(=0.0n+20.16) 03127 0329 02276
n=(8850-2016)/8859 W 10 10 10 9541 00 0.0 00 0  842(=842n+19.16)  88.59(=88.59n+20.16; ) 0.3127 0329 1.0
0772 NO 00 00 00 5202 00 00 00 0  19.16(=0.0n+19.16)  20.16(=0.0n+20.16) 219 5) 03127 0329 02276
wi 10 10 10 9541 00 00 00 0 842(=842n+19.16)  88.59(=88.59n+20.16) 96.46(=96.46n+21.95) 03127 0329 10
System TLS70a  color r=olv*1 g=olv*» b=olv*3 L*5 a*a b*a C*aba Naba Xa=XYZia Ya=XYZ24 Za=XYZ3a Xa Ya  Ya/8859
SRGB system OR)10 00 00 7643 2627 1057 2831 22  58.23(=36.54n+38.32) 50.59(=18.84n+40.32) =17In+439) 0379 03292 0571
Y 10 10 00 9393 -1077 3463 3627 107 7549(=68.22n+38.32) 85.11(=82.19n+40.32) 50.58(=12.27n+43.9) 0.3575 0403 0.9606
D65 reflection: LG 00 10 00 8932 -3581 2764 4525 142 5558(=3168n+38.32) 74.84(=63.35n+40.32) 49.65(=10.55n+439) 0.3087 04156 0.8447
: cC 00 10 10 9093 -21.96 -7.08 2309 198 64.3(=47.67n+38.32) 78.33(=69.76n+40.32) 4.72n+439) 027 03289 0.8841
Yn = 40.32 V(@B) 00 00 10 7146 457  -901 1011 297 4223(=7.17n+38.32) 42.86(=4.65n+40.32) 137n+439) 03003 03047 0.4837
L*y = 69.7 M 10 00 10 785 3752  -758 3828 349 66.94(=5252n+38.32) 54.07(=25.24n+40.32) 67.49(=43.3n+439) 03551 0.2868 0.6103
N = 09. N 00 00 00 69.7 0.0 00 00 0  3832(=0.0n+3832) ~ 40.32(=0.0n+40.32) 0.0n+439) 03127 0329 04551
n=(8850-4032)/8850 W 10 10 10 9541 00 00 00 0  84.2(=84.2n+3832)  8359(=88.50n+40.32) 96.46n+439) 03127 0329 10
= 0545 NO 00 00 00 69.7 00 00 00 0 ) 40.32(=0.0n+40.32)  439(=0.0n+439) 03127 0329 04551
Wi 10 10 10 9541 00 0.0 00 0  842(=84.2n+3832)  88.59(=88.59n+40.32) 96.46(=96.46n+43.9) 03127 0329 10

|E340-7A, Colorimetric data of Television Luminous System TLS18afor CIE standard illuminant D65; SRGB-System; Page: 3/3

Figure 14 — Calculation of colorimetric data of Television Luminous Systems TLS(00/06/11/18/27/38/52/70)a
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Output Linearization of visual displays based on a human visual RGB* colour space

Fig. 13 and 14 show the mathematical method how to calculate the data of the Television Luminance System
TLSO00a by a factor k, For this calculation the data of the Television System TLS18a are given.

In Fig. 14 the data of seven other Television Luminance Systems TLS(06/11/18/27/38/52/70)a are calculated from
the data of the Television Luminance System TLS00a. In application the measurement data TLSxx in standard
CIELAB shall be first transferred to adapted data TLSxxa in adapted CIELAB and then transferred to the reflection
free data TLSO0Oa. An example for a real LCD display is given in the Fig. 10 and 12. In Fig. 10 the original
measurement data are given and this system is called TLS11 according to the lightness L*\ =11 for black N. In Fig.
11 the system is adapted for Black N and White W and called TLS11a. However, the chroma of all grey colour is not
exactly at the achromatic point. It has to be tested if this deviation is visually acceptable. In Fig. 12 the data of the
system TLS70a are calculated. The chroma gamut is reduced by a factor 0,3 in one dimension and by a factor 0,3 x
0,3 =0,09 in two dimensions.

8. Device hue coordinates olv* and elementary hue coordinates rgb*

The 6 device colours OYLCVM define together with Black N and White W a double cone with a hexagon as basis. In
application this hexagon is irregular. For example the hue differences between two neighboring colours may vary by
a factor 1 to 3. For example the smallest hue angle difference may be between V and M and the largest hue angle
difference may be between C and V, compare Fig. 17.

8 Device Coloursin device (d) system 8 Device Coloursin elementary hue (h) system
OYLCVM and NW triangle system rghy; OYLCVM and NW  triangle system rghy;
. cylindric system tch* t* cylindric_system tch*
t triangle lightness t* triangle lightness t*

relative chroma c*
. CIELAB hueangle h,
'l elementary hue text uf,

relative chroma c*
CIELAB hueangle h,
*el ementary hue text ug

mor e coordinates and relations:
http: //imww.ps.bam.de/33872E

more coordinates and relations:
http: //mww.ps.bam.de/33872E

|E1512N IE151-4N
Figure 15 — Double cone with a hexagon basis and for device and elementary hues

Fig. 15 shows two identical double cones with a hexagon basis and coordinates according to device and elementary
hues rgb*y4 and rgb*,,. For most devices, including the standard sRGB device and the LCD device in Fig. 12 to 14, the
elementary hue angles in CIELAB are located between M and O for Red R, between L and C for Green G, and
between C and V for Blue B, compare Fig. 15.

21/29



Output Linearization of visual displays based on a human visual RGB* colour space

8 Device (d) coloursin CIELAB: OYLCVM and NW
Hexagon-triangle system based on device (d) colours: rgb}=olv*
with linear relations between rgby and LCH*

5equal (comparelinear relations between rgbn5g and L*)

SIPS  Equations rgb*; — LCH* in both directions have been published, see:
SLb* 1§ Richter, CIE-Proceedings, Beijing, 2008, Volume 3 und DIN 33872-1
) Three equations (tables) are needed for office applications:

ar rgby— LCH*’  output a 9x9x9 grid of equally spaced rgby-input data
rgb’y — LCH*  a9x9x9 grid of equally spaced data rgh*; and LCH*
rgby— LCH*  Device output linearisation by rghy —> rgby

L*

IE161-3N

8 Device (d) colours, 4 elementary hues (h) in CIELAB: OYLCVM, NW, RIGB,
Hexagon-triangle system based on device (d) colours: rgb}=olv*
with linear relations between rgby — LCH*, and rgbf, — LCH*

5equal (comparelinear relations between rgbn5g and L*)

SIPS  Equations rgb, — LCH* in both directions have been published, see:
' Richter, CIE-Proceedings, Beijing, 2008, Volume 3 und DIN 33872-1
e | Three equations (tables) are needed for office applications:

' " rgby — LCH*’  output a 9x9x9 grid of equally spaced rgby-input data
rgb%, — LCH* a9x9x9 grid of equally spaced data rgb*, and LCH*
rgb},, — LCH*  Device output linearisation by rghy —> rgbj,

*

IE161-5N

Figure 16 — Linear relations olv* — LCH* and rgb* — LCH* for linearization for visual display output
Fig. 16 shows linear relations olv* — LCH* and rgh* — LCH* for linearization of the visual display output with device
and elementary hues and measured nonlinear relations rgby — LCH*' (star-dash-data).

It is intended, that the output of the 5-step colour series between Orange red O and White W is equally spaced in
both the standard and the adapted CIELAB space. The olv* input data vary for this series in equal steps. Then there
is a linear relation between the olv* data in this hue plane and the LCH*, data.

This ideal case with linear relations is rare but for example approximately true for the standard offset output. For
displays and printers one can linearize the output.

At first there is a set of equations which define the ideal case. If the display hue circles and the corresponding
coordinates are studied, then of course for the six device colours the olv* coordinates have for the six device colours
OYLCVM the values100,110,010,011,001, 10 1 and define together with Black N and White W the gamut
boundary, see for example the olv* and CIELAB data in Fig. 13 for the system TLS18a.

The TUB-test chart IEOO is used to measure the device colours for the grid G with 9x9x9 colours. All measured
CIELAB data are within the same part of the CIELAB PCS defined by the above olv* -LCH*, relation. Therefore the
theoretical and the practical part of the CIELAB gamut boundary will match in three dimensions and of course also in
any hue plane.

The ICC colour management according to ISO 15076-1 offers an option called “absolute colour management” which
is usually not used. This ICC method can calculate the olv'* (dash-star) data to reach the intended equally spaced 5-
or 16-step output in any hue plane.

Mathematically for any triple of olv* data (star-data) there is a triple of olv’* data (dash-star-data) to reach the
intended output. Therefore the problem is solved with a table

olv* -> olv™* (for example to be calculated by own methods or by absolute ICC colour management for any device)
The question arises if this method is applicable for the eight standard reflections of the ambient light on the display

22129



Output Linearization of visual displays based on a human visual RGB* colour space

surface. The answer is yes. Of course the gamut boundary size in CIELAB decreases from 100% to 2,7% between
TLSO00 and TLS70. This will reduce also the accuracy by the same amount but the accuracy can be increased again
if the olv* to olv’* transformation is transmitted directly.

So eight tables olv* —> olv’* can be calculated for the eight Television Luminous Systems

TLS00a, TLSO06a, TLS11a, TLS18a

TLS27a, TLS38a,TLS52a, TLS70a

They are device dependent and constant. All eight tables may be included in the device and used as eight options. In
office application the most important table is for the standard 2,5% reflection (system TLS18) and not for the
condition with 0% reflection (system TLSO00).

This is the end of the description of the output linearization method in device hue space.

The additional problem to interpret the rgb colour input in elementary hue space and to produce a device
independent hue output leads to similar tables rgb* - > rgb'*.

This step is simple. If already the table olv* -> olv’* exists, then the CIELAB hue angle can be calculated for any rgb*
value. For any rgb* value additionally relative chroma c* and relative blackness n* can be calculated according to the
equations (1) to (4). Similar, for any CIELAB hue angle the olv* data of the Maximum colour M, can be calculated.

Together with the calculated c* and n* value the triple of olv** data (dash-star) is defined.

So finally eight tables rgb* - > olv’* can be calculated for the eight Television Luminous Systems
TLSO00a, TLS06a, TLS11a TLS18a

TLS27a, TLS38a,TLS52a, TLS70a

for the elementary hue output.

The efficiency may increase by a factor 150 if only rgb-data are transmitted instead of CIELAB data.

If colour managementaccording to ISO 15076-1 is developed further and allows an RGB PCS, then the device
independent visual RGB colour space based on the report CIE R1-47:2009 is a good choice. The efficiency may
increase by up to a factor 150 with this improved ICC colour management for visual displays an ambient daylight
reflection at the display surface.

At present for the standard system TLS18a the application of ICC colour management with the CIELAB PCS may
reduce the efficiency by a factor 0,11 compared to the intended RGB PCS. The factor 0,11 is determined by the
factor 0,2 of the used CIELAB coding size and the colour gamut reduction by a factor 0,55 with the ambient light
reflection of 2,5% on the monitor surface. The combination 0,2 x 0,55 of both factors both leads to the factor 0,11.

In other words if rgb data with a colorimetric connection to the CIELAB data of the eight colours OYLCVMNW are
used, then the efficiency may increase by a factor 9 (=1/0,11) for the standard office condition with a 2,5% reflection
(TLS18a) and the standard offset system (ORS18). For the system TLS70 the efficiency in increased by a factor
150.
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9. Example output linearization for device and elementary hue output
Linear relation CIELAB (L*, a*, b*) and adapted (a) CIELAB (C* g 5, L*)
?Ilifr:BGhEeQZEgllzssog_gz_D65_oo%_Go |*Iab*:( L* — L*N ) / (L*W = L*N )

' arg=ar —afy — Fgpr [@Fy —a*
hob,=[34, 92, 143, 226,312, 337] b*a_b* b*'\‘ I*'ab [ b*W b*'\']
Nap, =134, 92, 143, 226, 311, 337] 2P TN T e [ W N
YOOL C*apa=l @y +b*y
A
/ a* 3=C* gp,a COS hygp
b*a:C*ab,a sin hab

chroma
a*,

n
»

GE970-4A, 11

Linear relation CIELAB (L*, a*, b*) and adapted (a) CIELAB (C* 4 5, L*)

System: GE97 FRS09 92 D65 00% G1 e =( L* = L%y )/ (L*yy = L* )

e arg=ar —afy — * g [ @ W — N ]

hap =[34, 92, 143, 226, 312, 337] b*a *a—b* S e

hap ax=134, 92, 143, 226, 312, 337] a N~ Piabr [0t = b
YOOL Crapa=l a5 +b*57]

N
CAR|

a* 3=C* gp 4 COS hyp
b* 5=C* ap.a SN hyp

N

N

VIR
/

J/
~—
~

GE970-4A, 21

Figure 17 — Start and linearized device hue output in adapted CIELAB (a*,, b*,) for a photo printer
Fig. 17 shows the start and linearized device hue output in adapted CIELAB (a*,, b*,) for a photo printer.
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Linear relation CIELAB (L*, a*, b*) and adapted (a) CIELAB (C* g 5, L*)
o )

System. HE97 FRS09 92 D65 00% O1 |*Iab*:( L* — L*N ) / (L*W - L*N )

CIELAB hue angles:

hapa=[34, 92, 143,226,312, 337] s . .

hap ex=126, 92, 162, 217, 272, 329 - 20" = 0N = ape [ b*w = by ]

= 2 2,12
hab =126, 92, 162, 217, 272, 329] JOOG C* g a=l @%a2 + b¥

a=ar —a*y— M [@Fw — @ N ]

1

o) a* 3=C* gp a COS hygp

2 b*a:C*ab,a sin hab

chroma
a*,

[
>

HE970-4A, 21

Linear relation CIELAB (L*, a*, b*) and adapted (a) CIELAB (C* g 5, L*)

giﬁéif:i;;i_sog_gz_D65_OO%_Ol % | ape=( L* = L*n )/ (L*w -L*y)

a* :a* = a* - |* . a* = a*
hap ¢=[35, 92, 143, 224, 313, 338] . a N~ Flaps [@w —ay ]
| D*a b 2% — by = 1¥) 0 [ 0"y — b*y ]
hap ex=[26, 92, 162, 217, 272, 329] a N~ Mlab W N

= 2 2412
hap e=[26, 92, 162, 217, 272, 329] C*apa=l @4 +b*y

a* 3=C* gp a COS hygp

HE990-4A, 21

Figure 18 —Two linearized elementary hue outputs in adapted CIELAB (a*,, b*,) for a photo printer

Fig. 18 shows the two linearized elementary hue outputs in adapted CIELAB (a*,, b*,) for a photo printer. The
bottom figure is calculated for a chroma contrast range of 70% instead of 100%.
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Linear relation CIELAB (L*, a*, b*) and adapted (a) CIELAB (C* g 5, L*)
ﬁ/ster:* GE9_7_FR809_*92_D65_00%_GO I*Iab*:( L* — L*N ) / (L*W - L*N )
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Linear relation CIELAB (L*, a*, b*) and adapted (a) CIELAB (C* g 5, L*)
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Figure 19 — Start and linearized device hue output in adapted CIELA B (C*,,, L*) plane for a photo printer
Figures 17 to 19 show examples for the start and linearized output in the adapted CIELAB diagram (a*,, b*,) and the
device hue plane O — C in the adapted CIELAB diagram (C*,;, L*).
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10. Summary

This paper proposes test charts and test methods for colour output of visual displays at office work places. The
colour test chart allow a visual evaluation and a colorimetric specification of the colour output of the visual displays at
office work places.

The so called “absolute colour management” according to ISO 15076-1 with a CIELAB Profile Connection Space
(PCS) may be used to produce a linearized device output for equally spaced rgb-input data. The efficiency of this
method is limited. For example the SRGB colour space according to IEC 61966-2-1 fills the CIELAB coding space by
a factor 0,2 according to CIE 168. This factor is further reduced by a factor 0,55 for the standard display with L*=18
instead with L*=0 for Black N which is the ideal case according to IEC 61966-2-1 (System TLS00).

Therefore the colour management according to ISO 15076-1 has an efficiency defined by a factor 0,11 (=0,2 x 0,55)
for the standard daylight reflections on the display surface. The method defined here increases the efficiency by a
factor 9 (=1/0,11) for the standard condition. Large reflections may occur for standard screens in the daylight office,
for example for data projectors and displays of mobile phones and digital cameras. In the worse case of ISO 9241-
306 (System TLS70) the new method increases the efficiency by a factor 150.

ISO 15076-1 recommends an ambient luminance between 32 and 64 lux to avoid any CIELAB data change by the
display reflections. This recommendation does not consider the standard office illumination of 500 lux and the
European regulations (see DIN V 18599-4) to work in a daylight office which produces in any application larger
reflections.

The application of a human visual RGB* colour system which is device independent in hue is proposed here. This
visual RGB* system is based on recent proposals of the CIELAB h,, hue angles of the elementary colours. The
Report CIE R1-47 of CIE division 1: “Vision and Colour” defines the four elementary hue angles 26, 92, 162, and 272
degree in CIELAB for the four elementary colours Red R, Yellow J, Green G, and Blue B. These definitions are used
in the standard series DIN 33872-1 to -6 (in print): Information technology - Office machines - Method of specifying
relative colour reproduction with YES/NO criteria.

A colour output linearization method for visual displays and for eight reflections of the ambient light on the display
surface is described here, similar as the one for Black N and White W in ISO 9241-306. The output linearization
method can fulfill the criteria of DIN 33872 to produce visually equally spaced 5- and 16-step colour series and an
elementary hue angle agreement in the output for equally spaced rgb-input data. The advantages for colour
management of visual displays are discussed.

11. ISO-CIE-trend towards a 3D human visual RGB* colour system

The human visual RGB* colour system is presently only specified by the hue angles of the elementary colours. This
is sufficient for nearly all applications of image technology. The device output linearization and the device
independent hue output on any colour device is a large step forward.

However, the human visual RGB* colour system used here is only device independent in one dimension. The
Natural Colour System NCS includes already in addition the two human visual coordinates relative blackness n* and
relative chroma c* for the other 2 dimensions. A relation between ncu* and rgb* in both directions is shown in Fig. 3.

Therefore for a more effective visual colour communication a 3-dimensional human visual RGB* colour system
seems very important for the field of image technology. This 3D human visual RGB* colour system will include in
addition the CIELAB chroma C*,, and the lightness L* of the elementary colours. There are at least three solutions
of this problem. One can use the four hue angles defined in CIE R1-47 and specify the CIELAB data C*,, and L* for
these for hue angles:

1. by use of the optimal colours of maximum chroma for D65.

2. by use of the NCS colours of maximum chroma for D65

3. by new visual evaluations of the human visual relative blackness n* and relative chroma c* of a high chroma

colour circle, for example of the 16 step colour circle of the RECS colour system.

Some people do believe that the accuracy of point three is too low. However there are three methods mentioned
here and one can make a compromise between the three. There are many compromises in vision, for example the
agreement of a visual relative photopic luminance efficiency function V(A) in lighting technology.

In addition physiological models of the visual human system as requested. Some physiological models are given in a
book of Valberg (2005) and in the report CIE R1-47. This report will appear soon at the CIE-web site of CIE Division
1, see

http://www.cie.co.at/divl/
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