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Overview

« ISO/IEC-test charts according to ISO/IEC TR 24705

- Colour coordinates used in Image Technology
- Colour coordinates of Colour Order Systems

« PDF Format as Colour Document Standard
- PDF Files for a Colour Compatibility Test
« Absolute and relative CIELAB data LAB* and lab*

e Definiton of device dependent rgb* coordinates

e Definiton of device independent rgb* coordinates
 Applications of the rgb* coordinates

* 16 step equally spaced monitor and printer output
Summary
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Figure 1: ISO/IEC-test chart for the test of monitor or printer output
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Picture B4: 16 equidistant step&C, W-M, W-YandW-N; PS operatoolv* setrgbcolor / w* setgray
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Picture B5: Script and Landolt-ring§ M, CandY; Use of PS operataiv* setrgbcolor / w* setgray

0-1 0-1

. \" l/ 7-8 7-8
. N, A%
11072 o.g\\\\\w,f,’////é;- 0 §$\\§\lll//é{2v E-F E-F
i :‘ — —— ——= =
/ 2-0 2-0
\ 8-6 8-6
Radial grating W-C  Radial grating W-M  Radial grating W-Y  Radial grating W-N  Radial grating W-Z Landolt-ringsW-C Code Landolt-ringsW-M Code
Picture B2: Radial grating&/-C, W-L, W-Y, W-NandW-Z; PS operatoolv* setrgbcolor / w* setgray Picture B6: Landolt-ringyV-C andW--M; Use of PS operataiv* setrgbcolor / w* setgray
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Picture B3: 14 CIE-test colours and 2 + 16 grey steps; Use of PS optvatsetrgbcolor / w* setgray
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Picture B7: Landolt-ring®V-Y andW-N; Use of PS operatatv* setrgbcolor / w* setgray
- i .ISO/IEC 15775 and input: olv* setrgbcolor / w* setgray _g_
Fig. B1 to B7 of ISO/IEC-test chart 2; TR ISO/IEC 24705:
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Figure 2: Colour Circle, Colour Double Cone and Colour Hexagon
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Figure 3: Colour order Systems and Colorimetric Image Technology (CIT)

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

Design, architecture, art, industrial products @ Information technology of printers
Measured for CIE standard illuminant D65 Measured for CIE illuminant D65 or D50

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

RAL Design System (CIELAB): Printer system (illuminant D65 or D50):
LCH*, lightness, chroma, hue cmy, content of "cyan", "magenta’, "yellow"
Munsell Colour System: Display system (standard illuminant D65):
VCH*, lightness (Value), Chroma, Hue rgh/sRGB, content of "red", "green", "blue"
Natural Colour System (NCS): | T colour coordinates confuse the users!

nce* . blackness, chromaticness, elementary hue i Nearly no connection to colour order systems!

New: Application connection by coordinatelv*, cmy*, tce*, ... und linear relation to LAB*
CIELAB: LAB* : lightness, red-green and jellow-blue chroma; LCH* : lightness, chroma, hue

Definition of relative device coordinates similar to coordinates of colour order systems

lab*Ich: relative lightness |* , chromaticness, Buntheit ¢* , hue h*

lab*Ich, lab*tce: triangle lightness t* , chromaticness, Buntheit ¢* , hue or elementary hue h*, e*
lab* nce: blackness n*, chromaticness c*, elementary huee*

lab* olvs = rgb*: orange—red o3*, leaf—green I3*, violet—bluevs*

LE430-3, Application connection with coordinates olv*, cmy*, tch*, tce*, nce*, ... and linear relationship to LAB*
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Figure 4: Colorimetric coordinates forW—-Nand W - C

5 steps of grey series
black - white (N - W)

Colour space, colour space coordinates and PostScript operator

calculations according to ISO/IEC 15775:1999-12

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

in CIELAB colour space setgray | setcmykcolor setcmykcolor setrgbcol or
1,00 N + 0,00 W (black N) 0,00 |{0,00 0,00 0,00 1,00|1,00 1,00 1,00 0,00{0,00 0,00 0,00
0,75N + 0,25 W 0,25 |0,00 0,00 0,00 0,75|0,75 0,75 0,75 0,00{ 0,25 0,25 0,25
0,50 N + 0,50 W 0,50 |{0,00 0,00 0,00 0,50|0,50 0,50 0,50 0,00{0,50 0,50 0,50
0,25N +0,75W 0,75 |0,00 0,00 0,00 0,25|0,25 0,25 0,25 0,00{ 0,75 0,75 0,75
0,00 N + 1,00 W (white W) 1,00 |0,00 0,00 0,00 0,00|0,00 0,00 0,00 0,00{1,00 1,00 1,00

LE420-1, colorimetric relationship of w*, 000n*, cmy0* , www* for a5 step scale: black — white

5 steps of colour series
cyan blue - white (C - W)

Colour space, colour space coordinates and PostScript operat
calculations according to ISO/IEC 15775:1999-12

O

Linear mixture between
cyan blue and white
in CIELAB colour space

CIELAB absolute
LAB*LAB = LAB*
LAB* setcolor

CIELAB relative
lab* cmy0 = cmyO*
cmyO* setcmykcolor

CIELAB relative
lab* olv = olv*
olv* setrgbcolor

1,00 C + 0,00 W (cyan blue C)
0,75C+0,25W

0,50C+ 0,50 W
025C+0,75W

0,00 C + 1,00 W (white W)

58.62 -30.62 -42.74
6/7.82 -23.21 -30.86
77.02 -15.80 -18.98
86.21 -8.39 -7.11
9541 -098 4.76

1,00 0,00 0,00 0,00
0,75 0,00 0,00 0,00
0,50 0,00 0,00 0,00
0,25 0,00 0,00 0,00
0,00 0,00 0,00 0,00

0,00 1,00 1,00
0,25 1,00 1,00
0,50 1,00 1,00
0,75 1,00 1,00
1,00 1,00 1,00

LE421-1, colorimetric relationship of LAB*a, cmyO*, olv* for a5 step scale: cyan blue — white

r
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Figure 5: Compatibility test
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Input data used:
device dependent
colorimetric data la
olv*, cmyO*

000n*, w* +
LAB*/CMYOLVNW

Input data used:
device dependent
colorimetric data lla
olv*, cmyO*, 000Nn*,
w*, LAB* +
LAB*/CMYOLVNW

Input data used:
device dependent
colorimetric data llla
olv*, cmy*, lab*, Ich*
tab*, tch*, trj*, tce* +
LAB*/CMYOLVNW

application
program creates
PS/PDF file;

Output equal for al
colorimetric data la?
If YESthen
compatibility classla
If NO then

NO compatibility

Output / download >
of PS/PDF file to
PS/PDF printer

> >

Output equalfor all
colorimetric data lla?
If YES then
compatibility class|la
If NO then perhaps
compatibility classla

For printer and monitor output the
compatibility class may be different!

Output equalfor all
colorimetric data llla?
If YESthen
compatibility classllla
If NO then perhaps
compatibility class|la

L E440-7, Test of the compatibility class of application program which creates PDF/PS files and/or download to printer




Figure 6: 16 step grey scale for compatlblllty test
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(absolute)

No. and
Hex code

|*
CIELAB, r

(relative) 0,000 0,067
Picture C3: 16 visual equidistant L*-grey steps; Use of the PS operator 000n* setcmykcolor
L*/Y+Yr 180/25 23,1/3,8 282/55 33,3/7,7 385/10,3 43,6/13,6 48,8/17,4 54,0/21,9 59,1/27,2 64,3/33,2 69,5/40,0 74,7/47,8 79,8/56,5 &L 95,4/88,6

(absolute)

No. and
Hex code

l*Cl ELAB, r
(relative) 0,000 0,067

(absolute)

No. and
Hex code

|*
(e 0000 0,067

(absolute)

No. and
Hex code

|*
(reﬂ:%e;\ BT 0,000 0,067

Picture C3: 16 visual equidistant L*-grey steps; Use of the PS operator www* setrgbcol or

0,133

0,133

0,133

0,133

0,200

(02{0]0]

Picture C3: 16 visua equidistant L*-grey steps; Use of the PS operator w* setgray

0,200

Picture C3: 16 visual equidistant L*-grey steps; Use of the PS operator nnn0* setcmykcolor
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Figure 7: CIELAB (a*, b*) diagram for TLS00 and CNS18

OYLCVM OYLCVM
hexagon W hexagon

Absolute Relative
Space Space
LAB*= |alb*
CIELAB

Television TLS00 Television TLS00

colour names of colour names of

ISO/IEC 15775 ISO/IEC 15775

three basic colors OLV or CMY 2F=/68 three basic colors OLV or CMY

three mixed colors CMY or OLV . three mixed colors CMY or OLV

VE800-41

RJGCBM RJGCBM
hexagon hexagon

Absolute Relative
Space Space
LAB*= |alb*
CIELAB

CNS18 £E-=4.62 Printing CNS18

SONEC 16775 " [SOIIEC 18775

Elementary colours RIGB Elementary colours RIGB

2 mixed colors C=G50B, M=B50R 2 mixed colors C=G50B, M=B50R

VE800-61 VE800-81
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CMYOLV

hexagon '

OLV CMY

three basic colors three mixed colorg

MES301-11

linear betweenCIELAB - lab*olv3

1.0
0.81
0.61
0.471
0.27
0.0

VE801-71
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Figure 8: 1-minus relation of olv* and cmy* coordinates and examples
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Figure 9: Regular hexago relation between CIELAB and olv*
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Figure 10: Mixture of Red R with White W and Black N; rgb* coordinates)
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Elementary (unique) hue Green G:
linear relation of n*, 1*, c*, w*, d*

1,0

081
061
041
021

(0X0)

\

n*=1-i*

I blackness=1 - brilliantness
cc=1-n*-w
chromaticness =1-blackness
! — whiteness

wr =1 - d*
whiteness = 1 — deepness

\

|

Colour G: n*=0,2; ¢c*=0,4; w*=0,4

VE801-31
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Elementary (unique) hue Red R:
linear relation of n*, i*, c*, w*, d*

1,0

081
061
041
021

0,0

\

\

n*=1-i*

I blackness= 1 — brilliantness
cc=1-n*-w
chromaticness =1-blackness

! — whiteness

wr =1 - d*
whiteness = 1 — deepness

|

Colour R: n*=0,2; c*=0,4; w*=0,4

VE801-21

Elementary (unique) hue Blue B:
linear relation of n*, i*, c*, w*, d*

1,0

081
061
041
021

(0X0)

\

n*=1-i*

I blackness=1 - brilliantness
cc=1-n*-w
chromaticness =1-blackness
! — whiteness

wr =1 - d*
whiteness = 1 — deepness

\

|

Colour B: n*=0,2; ¢*=0,4; w*=0,4

VE801-41
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cmyn3* 1.0 OO 10 3
ovig* 0.0 10 0.0 O
cmynd* 1.0 00 10 00

standard and adapted CIEL AB

_LAB*LAB 56.7 —73.59 23.91
_AB*LABa 56.7 —73.59 23.91
_AB*TCHa 50.0 77.38 162.0

relative CIEL AB lab*

ab*lab 0.5 -0.95 0.309
ab*tch 0.5 1 O 0.45
ab* nch 0.0 0.45

relative Natural Colour gN(Q
ab*|rj —O 999 0.005
ab*tce O 5 0.499
ab* nck 0.0 1 O 990

relative I nform. Technol ogy
olvi3* 0.0
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Figure 12: Change of device olv*coordinates to produce intended rgb* colours)

relative | nform. Technolo IT&
olvi3* 00 10

cmyn3* 1.0 0.0 0625 0.0
olvi3** 0.135 0.724 0.305 (1.0
cmyn3*’ 0.865 0.276 0.695 (0.0

standard and adapted CIELAB

| AB*LAB 4259 -49.68 12.65
| AB*LABa 4259 -48.66 15.82
L AB*TCHa 50.0 51.18 162.0

relative CIEL AB lab*

ab*lab 0424 -0.95 0.309
ab*tch 0.5 1 O 0.45
ab*nch 0.0 O 45

relative Natur al Colour
ab*|rj 0.424 —09 7 005

ab* tce 0.5 0.51
ab* ncE 0.0 1 O 003b
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Figure 13: Device hue V and Elementary hue B output
-8

-: Www._ps.bam. delV E39710L /L 39E04ANP.PS.PDF. olv* device (1eff) and rgb* Start (ght) ouput -_
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D) /f

Input: Colorimetric Natural Reflective System CNS18 Output: Colorimetric Printer Reflective System FRS06
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Figure 14: C*-L* diagram for output on monitors and printers)

RJGB
opponent
hue plane  ce=sx

colour names of
| SO/IEC 15775

Transfer ORS18a: Offset Reflective System
Black lightness L* = 18, chroma adapted (a)

RJGB

opponent
hue plane

colour names of
| SO/IEC 15775

Transfer ORS18a: Offset Reflective System
Black lightness L* = 18, chroma adapted (a)

BE331-71
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RJGB
opponent
hue plane  s==32

colour names of
| SO/IEC 15775

Transfer ORS18a: Offset Reflective System
Black lightness L* = 18, chroma adapted (a)

RJGB
opponent
hue plane a2

colour names of
| SO/IEC 15775

Transfer ORS18a: Offset Reflective System
Black lightness L* = 18, chroma adapted (a)

BE331-81
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Summary

— Missing connection between rgb/cmy coordinates of
Image Technology (IT) and colour order systems

— A Colorimetric Image Technology (CIT) Is needed
— Definition of relative colorimetric data lab*

— lab*olv = olv* and lab*rgb = rgb* data

— Relation of olv* and rgb* to CIELAB

—olv* input and output of device dependent hues
—rgb* input and output of device independent hues
— 16 step equal spacing in CIELAB of device output
— 16 step equal spacing on monitors and printers

— Relative device dependent colour appearance
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