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Content of the first part

- Colour names according to ISO/IEC 15775

- Device and elementary colours

- Elementary colours and rgb* colour coordinates

- Other relative colour coordinates, for example nce*
- Colour data in colorimetry and image technology

- User friendly colour notation

- Away from device to elementary colour data

- Relative affin colour management

- ICC colour mamangement according to ISO 15076-1
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Definition of elementary colours and spectral assessment

Achromatic colours Elementary colours Reproduction colours
"Neither-nor"-colours Television (TV), Print (PR)
Photography (PH)
five achromatic colours: four elementary colours: six reproduction colours:
N black (french noir) R red C cyanblue
D dark grey neither yellowish nor blueish  pg magentared
Z central gre G green Y yellow
: grey neither yellowish nor blueish y
H light grey B blue O orangered
W white neither greenish nor reddish | Ieafgreen
J yellow (french jaune) V violetblue
neither greenish nor reddish

YE980-3

a(M) relative RG-chromatic values B()\) relative JB-chromatic values
linear assessment of radiation linear assessment of radiation

yellow

a\) =x(A) =y b(A) =04 [Y(A) =z(N) ]

10]0) 500 600 700 400 500 600 700
wavelengthA/nm wavelength A/nm

XE351-1 XE351-2
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Elementary hue circle and different hue planes

G O\
~N

PR TV PR TV
G:g00b g0Ob N R:r00j rOQj

ZE410-7

c O\

.
PR TV PR TV
C.g68b g3lb N O:rl19 ri4

ZGA410-4

huecircles

4 and 6 colours

~
VAN ' Y
~N '

PR TV
V:b29r b29r

PR TV
N Y:j06g jl6g

ZEA10-5

B O\ '
N

PR TV
B: b0OOr bOOr

PR TV
N J:j00g jOOg

MO -

\ | /
PR TV
M:b72r b50r

PR TV
N L:j84g j64g

ZEA10-6

Colour order systems are based on a double cone with a circular basis
(Ostwald, NCS). The Natural Colour System (NCS) uses three coordinates
nce* (relative blackness n*, relative chroma c*, elementary hue e*)
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Criteria for elementary colours and three different relative device colour data

Kriterien fur vier Elementarfarben RIGB Elementary huetext u* of elementary colour system
Gelb J J
J25G ‘ R75J

grinlich @) O rétlich o
R50J

J50G

gelblich gelblich J75G R25J
Grun G Rot R G R

blaulich blaulich

grunlich rétlich

Blau B

Elementar-Buntton e des Elementarfarbsystems Elementary colour datargb* of elementary system
0,250 110 rgb* = r*, g*, b*

0,375 ‘ J 0,125 0510 ‘ J 1050
J50G R50J J50G R50J
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Elementary colour coordinates rgh* and relation to colour coordinates nicme*

Elementary hue Red R: linear
relation lab* rgb*; — lab* nicwe*
1,0 —

08T

w*

\ \ |

0,0
n* =1 - max(rgb*s); c* = max(rgb*s) — min(rgb*s)

w* = min(rgb*); e*=f [medium(rgb*;)-min(rgb*s )]/c*

Elementary hue Green G: linear
relation lab*rgb* 3 — lab* nicwde*
1,0 ]
{n*=1-i*
1 blackness = 1 - brilliantness
cc=1-n*—-w*
chromaticness =1-blackness
— whiteness

wr =1-d*
{ Whiteness = 1 — deepness

Elementary hue Red R: linear
relation lab*rgb* 3 — lab* nicwde*
1,0

n*=1-i*

blackness=1 - brilliantness

ct=1-n*-w

chromaticness =1-blackness
— whiteness

08T

wr =1-d*
whiteness = 1 — degpness

0,0
n* =1 - max(rgb*s); c* = max(rgb*) — min(rgb*y)
w* = min(rgb*); e*=f [medium(rgb*3)—-min(rgb*s)]/c*

Elementary hue Blue B: linear
relation lab*rgb* 3 — lab* nicwde*
1,0

n*=1-i*

blackness= 1 - brilliantness

cc=1-n*—-w*

chromaticness =1-blackness
— whiteness

wr =1 -d*
whiteness = 1 — degpness

n* =1 - max(rgb*;); c* = max(rgb*;) — min(rgb*y)
w* = min(rgb*); e*=f [medium(rgb*3)—-min(rgb*s)]/c*
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Definition of more user friendly colour data nce* and rgb* and relation to LCH* (CIELAB)

Application of colour in daily life or 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 coor dinates: Device system name and coor dinates:

RAL Design System (CIELAB) Printer system (illuminants D50 or D65):
L* C*phap, 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):
rgh/sRGB, content of "red", "green", "blue"

Aim: define user friendly connection
New: Interpretation of thergb colour datain therangeOto 1 aselementary colour data rgb*;

Linear relations between relative and absolute coordinates lab* — LAB*
rgb*; — L*a*b*C*h,, (CIELAB)
rgb — cmy, rgb*; — cmy*5 (" 1-minus'-relation)
rgh*; — nce*, rgh*; — ncu*
relative coordinateslab*:  elementary redness r*;, greenness g*5, blueness b*;, blackness n*
chromac*, elementary hue e*, elementary hue text u*

YE921-3
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LCH* device colour data of CIE-test colours no. 9 to 12 and Miescher elementary colours RIGB

CIELAB LCH* g of CIE-test coloursno. 9to 12
8168 92

o®

R 406525

B

3147271

CIELAB LCH*,g of Miescher elementary colours
919394

o®
R 5078 31

B

37 65290

CIELAB LCH* g of CIE-test coloursno. 9to 12
81 68 92 and mixture colours

66 56 119 ‘ J 61 67 59
J50G R50J

R 406525
G50B B50R
42 46 220 B 36 56 342

3147271

CIELAB LCH*,g of Miescher elementary colours
91 9394 and mixture colourg

7381140 . J 739260
J50G R50J

R 507831

G50B B50R
45 46 217 B 3572323

37 65 290
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Device colour data of standard offset colour system ORS18

ORS18: adapted (a) CIELAB data

ORSI18: relative device colour data

L*=L* ; a*a b*a C*aa N*aa| rgb —>olv*s cmy*;
Oma 4794 6539 5052 8263 38 |10 00 00|00 10 10
Yma 9037 -10.26 91.75 9232 9% |10 10 00|00 00 10
Lma 909 -6283 3496 7191 151 00 10 00|10 00 10
Cma 5862 -30.34 4501 543 236/ 00 10 10|10 00O OO
Vma 2572 311  -444 5422 305| 00 00 10|10 10 00
Mma 4813 7528 -836 7574 354|110 00 10|00 10 00
Nma 18.01 0.0 0.0 0.0 0 00 00 00|10 10 10
Wna 9541 0.0 0.0 0.0 0 1.0 10 10|00 0.0 00
b*, b*,
Cyan blueC Violett blueV

ZE440-1

9/34



K. Richter: Colour Definition and Workflow for Reproduction in Offices

Elementary colour data for standard offset colour system ORS18

ORS18: adapted (a) CIELAB data

ORSI18: relative device colour data

L*=L*, a*, b* 5 C*aba N*apa| rgb—>rgb*; olv* 3 (device data)
R 480 6858 3154 7548 25 |10 00 00|10 00 032
R50J 62.87 38.77 6502 7571 59 |10 05 00|10 035 00
J 86.19 -28 8769 8773 92 |10 10 00|10 09 00
J50G 71.17 -35.83 64.13 7346 119| 05 10 00 | 051 1.0 00
G 528 -5482 1526 5692 164| 00 10 00 |00 10 0.25
G50B57.25 -36.1 -30.82 4748 220 00 05 O5 |00 10 0.82
B 41.78 1.1 447 4472 271 00 00 10|00 049 10
B50R 40.78 60.78 -20.18 64.05 342| 05 00 10| 067 00 10

b* 4 b* 4 b* 4

/ﬁ a*, } a*, </\ a*,

Cyan blueC Elementary blue B Violett blueV

ZEA40-2

10/34



K. Richter: Colour Definition and Workflow for Reproduction in Offices

Device colour data of standard television colour system TLS18

TSL18: adapted (a) CIELAB data TSL18: relative device colour data
*=L*y a*a b*a C*aa M apa| rgb—>olves CMy* 3

Oma 52.76 7163 4988 8729 35 |10 00 00|00 10 10
Yma 9274 -20.02 8497 873 103| 10 10 00 |00 00 10
Lma 840 -7898 7394 1082 137 00 10 00 |10 0.0 10
Cwma 87.14 -4441 -1311 4632 19| 00 10 10|10 00 00
Vma 3547 6492 -95.06 11512 304| 00 00 10|10 10 OO0
Mma 59.01 89.33 -55.67 10526 328| 1.0 00 10 |00 1.0 00
Nmva 18.01 0.0 0.0 0.0 0 00 00 00|10 10 10
Wnma 9541 0.0 0.0 0.0 0 1.0 10 10|00 0.0 00

b*a b* 4

| |

i
Cyan blueC Violett blueV

ZEA40-7

11/34
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Elementary colour data for standard television colour system TLS18

TSL18: adapted (a) CIELAB data

TSL 18: relative device colour data

/

N

Cyan blueC

Elementary blue B

L*=L*, a*, b* 5 C*aba N*apa| rgb—>rgb*; olv* 3 (device data)
R 5362 7408 353 8206 25 (10 00O 00|10 OO0 014
R50J 68.43 35.7 6363 7297 61 |10 05 00| 10 039 00
J 85.39 -3.16 7852 7858 92 |10 10 00| 10 082 00
JB0G 89.35 —42.92 80.69 914 118 05 10 00| 061 10 0.0
G 86.01 -56.86 1823 59.72 162 00 10 00 |00 10 0.64
G50B80.29 -29.91 -2397 3835 219/ 00 05 05|00 087 1.0
B 65.47 1.44 -4748 4751 272|100 00 10| 00 058 1.0
B50R57.25 8434 -259 8823 343| 05 00 10|10 00 0.72

b*a b*a b*a

Violett blueV

ZEA40-8

12/34
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Device colour data LCH* of standard offset colour system ORS18 to produce elementary colours

Device colour data olVogg g Of the elementary system
10,900

05110 ‘ J 10,350
J50G

Device colour data olv'}, g Of the elementary system

Elementary huetext u* of elementary colour system

J
J25G R75J
J50G ‘ ‘ R50J

J75G R25J

G R

Device colour data LCH*; g 4 Of the elementary system
86 72 92

61 67 60

87 55 162 R 577525

82 35219 B 60 81 343

68 44 272
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Input data rgb =(1, 0, 0), (1, 1, 0), (0, 1, 0), (0, 0, 1) intended for elementary colour output
-8 V

7

T‘T=01 ‘T’z UOSPA epweqsd'MMM//:dng :UOITRWLIOJUI [e21uyda | ﬁ\\\
N LH I Xep wed'sd mmm /£93 X /PP Weqsd Mmmw//:dny S8} e|IWs 1o} 8es

I

Input: Colorimetric
with rgb data of the

four elementary hues

100=Red R
110=YeédlowJ
010=Green G
001=BlueB

Offset Reflective System ORS18a

ORSI18a; adapted (a) CIELAB data
C*ab,a h*ab,

L*=L*, a*a

b*a

www.ps.bam.de/X E6§/10L/L 63EOONP. ISS/ .PDF; start outplYJt
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

Opma 4794 6539
-10.26
-62.83
-30.34
311
75.28
0.0
0.0
58.66
-2.16
-42.25
115

XEB30-7N, 20 step hue circle with elementary colours R, J, G, B (l€&ft)

2 Bl

-6

50.52
91.75
34.96
—-45,01
—44.4
-8.36
0.0

0.0
26.98
67.76
1176
—46.84

82,63
92.32
7191
54.3
54.22
75.74
0.0
0.0
64.57
67.79
43.87
46.86

38
96

with hue number

n=00to 19
00=Red R

14/34

L*=L*s a*a

b*a

Icol&»

ORS18a; adapted (a) CIELAB data
C*ab,a h*ab,

Oma 4794 6539
-10.26

05=Yellow J o 6283

-30.34

10=Green G 2 a1

15=BlueB

75.28
0.0

0.0
58.66
-2.16
-42.25
115

20 step hue circle with elementary colours R, J, G, B (right)

BAM-test chart XE63; Relative colour reproduction, ORS18

input: rgb (->olv*) setrgbcolor

Elementary hue agreement and discrimination, Page 1/2
C M Y

50.52
91.75
34.96
-45.01
-44.4
-8.36
00
0.0
26.98
67.76
11.76
-46.84

82.63
92.32
7191
54.3
54.22
75.74
0.0
0.0
64.57
67.79
43.87
46.86

38
96
151
236

eJep ojIuowW Jo N0 Joy uoeddde

10 *10108]00
d4dd’/Sd'dN003E971/710T/€93 X-TOE0L00C Uoiels]

SWRISAS JoJU 110

El}eyI=opoo ‘elLekw NVvd

1Y\

Bo

\\
\\ﬂ

output: no change compared to input t
L \i

vz
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5 step and 16 step colour scales in the Natural Colour Connection Space (NCCS)
-8

Vv L [e] Y
-: www.ps.bam.de/ X E70/10L/L 70E04ANP.PS/.PDF; start output -_
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

Input: Colorimetric Offset Reflective System ORS18a

(7

fos Vg w/

c S_R' ?B’ for hue h* = lab*h = 305/360 = 0.847 OREIS?_; adapted (a)bC| ELACB dalah for hue h* = lab*h = 305/360 = 0.847 0R5186L2 adapted (a)bC| ELAC? datah
*=|*_  a* * * * *=|L*, a* * * *

5o lab*tch and lab*nch a2 LS | o+ tch and |ab* nch a fa e Da T
5.0 65.39 5052 8263 38 g 65.39 5052 8263 38
Q B D65: hueV . -1026 9175 9232 3 D65: hueV . -1026 9175 9232 %
% 3 L CH* M a 26 54 305 . -62.83 34.96 7191 151 L CH* M e 26 54 305 . —62.83 34.96 71.91 151
5 = y -3034  -4501 543 236 g -3034  -4501 543 236
o olv*Ma: 0.0 0.0 1.0 72 311 TP s olv*Ma: 0.0 0.0 1.0 72 311 —a44 5422 305
§ = triangle lightness t* . 75.28 -8.36 (Y triangle lightness t* . 75.28 -8.36 7574 354
%. 8 0.0 0.0 0.0 0 g 0.0 0.0 0.0 0

M o 9% Gamut 0.0 0.0 0.0 0 9% Gamut . 0.0 0.0 0.0 0 L
S = 58.66 26.98 6457 25 58.66 26.98 6457 25

U* g = 93 égE 8126 -216 67.76 6779 92 U*rq =93 \(]305 8126 -2.16 67.76 67.79 92
. CIE5223 -4225 1176 4387 164 . CIE5223 -4225 1176 4387 164
0, 0,

% Regularity Bcg3057 115 -4684 4686 271 Yo Regularity 3057 115 -46.84 4686 271
O Hrel = 57 J O*Hrel = 57

g"cre =59 g*cre =59

swiesAs Jeiud Jo ‘101 foid erep ‘Joliuow Jo Indino Jo) uoiedidde
4dd’/Sd’dN¥03021/710T/0.3 X-TOE0L00C -Uoieas|

T'T=0I ‘T'Z UOSPA apweqsd'/vw\/\/\//:dng
1

INLH'IXPp Weq'sd MMM 1/0,3 X /P weq'sd Mmw//:

n*=0,20

V'
m=025 g blackness n*

blackness n*
n* =0,50

0,25 0,50 0,75 1,00 0,40 0,80 1,00

BlyeyI=opoo ekl NVd

relative chroma c* relative chroma c*

XE700-7N, 5 step scales for constant CIELAB hue 305/360 = 0.847 (left) 165 step scales for constant CIELAB hue 305/360 = 0.847 (right
-j BAM -test chart XE70; Relative colour reproduction, ORS18  input: rgb (->olv*) setrgbcolor hﬁ
Discrimination of 5 and 16 step colour scales, Page 5/11 (V) output; no change compared to input

M Y [0] L V

)
=

\

&l

&l
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Hue planes of three standard devices ORS18, TLS00 and TSL28 (top) and affin colour management

AE*=2.61

AE*=9.77

AE*=5.08

*
ab.,a

ZE421-1

AE*=19.06

*
ab,a

ZE421-3

AE*=2.61

AE*=9.41

AE*=5.08

*
ab.a

ZEA21-1

AE*=19.43

AE*=19.06

*
ab.a

ZE421-4
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ICC-colour management according to ISO 15706-1 which clipps colours and reduces the output gamut

AE*=9.41

AE*=19.43
‘ool
I
AE*=5.08

*
ab,a

ZEA21-5

OYLCVM
hexagon

Absolute
Space

LAB*, %
Colour

management OFF  ,c 313
Photography FRS08a

colour names of S
| SO/IEC 15775

threebasic colorsCMY or OLV
three mixed colorsOLV or CMY

AE*=9.41

AE*=19.43

AE*=5.08

*
ab.a

ZEA421-6

OYLCVM
hexagon

Absolute ﬁ

Space ,
LAB*, Ea
Colour
management ON
Photography FRS08a AE*=4.43
colour names of

| SO/IEC 15775

threebasic colorsCMY or OLV
three mixed colorsOLV or CMY

AE*=2.57

ZE140-2
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Colour Workflow

- equally spaced output in CIELAB for
rgb and equivalent cmyn input.

- equal output in CIELAB for equivalent rgb and cmyn
iInput (“1-minus-relation between rgb and cmyQ”).

- more chromatic and less chromatic output
- workflow for printer output with PS and other printers
- high material efficiency by output linearisation

- high material efficiency by appropriate colour separation



Intended equal output of device hue red with datargb = (1, 0, 0) and cmy0=(0, 1, 1, 0)
-8
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(7

:UOIT2WLIOJUT [eOIUY2D |
W 'S3|14 Je| IS Jo}y 89S

N

T‘T=01 ‘T'Z UOBIA ap'UJQQ'Sd'MMM//ZdnH
I

INLH'IXPp Weq'sd MMM {/293 X /PP weq'sd Mmmw/:

___

Input: Colorimetric Offset Reflective System ORS18a
for hue h* = lab*h = 38/360 = 0.105

e

&l

lab*tch and lab*nch
D65: hue O
LCH*Ma: 48 83 38
olv*Ma: 1.0 0.0 0.0
triangle lightness t*

ORS18a; adapted (a) CIELAB data
L*=L*, a*, b'a

Vv L [e] Y
www.ps.bam.de/X E62/10L/L62EOONP.PS/.PDF; start output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

C*ab,a h*ab,

% Gamut

u* g =93 JoiE 81.26
9% Regularity gC'Ezfé?
0" Hyrel = 57

g*cre =59

65.39 50.52 82.63
-10.26 91.75 92.32
—-62.83 34.96 7191
-30.34 —-45.01 54.3
311 -44.4 54.22
75.28 -8.36 75.74
0.0 0.0 0.0
0.0 0.0 0.0
58.66 26.98 64.57
-2.16 67.76 67.79
-42.25 11.76 43.87
115 —46.84 46.86

n* =0,25 ‘/

blackness n*

0,75 1,00

relative chroma c*

XEB620-7N, step scalesfor constant CIELAB hue 38/360 = 0.105 (left)

9%

16 step scales for constant CIELAB hue 38/360 = 0.105 (right
BAM-test chart XE62; Relative colour reproduction, ORS18 input: cmyO-center, rgb-background i

Equality for two colour definitions, Page 1/11 (O)
M Y

19/34

ol

___

ORS18a; adapted (a) CIELAB data
L*=L*, a*,4 b*a C*aha N*apgl
65.39 50.52 8263 38

D65: hue O -1026 9175 232 %
-6283 3496  7L91 151

LCH*Ma: 48 83 38
. . -30.34 -45.01 54.3 236
olv*Ma: 1.0 0.0 0.0 2 311 s B422 205
tri ang] e ||ghtne$ t* . 75.28 -8.36 75.74 354
0.0 0.0 0.0 0
0.0 0.0 0.0 0
58.66 26.98 64.57 25
JoE 8126 -216 67.76 67.79 92

Geig5223 -4225 1176 4387 164
3057 115 4684 4686 271

for hue h* = lab*h = 38/360 = 0.105
lab*tch and lab*nch

% Gamut
u* g =93

% Regularity
0" Hyrel = 57
g*cre =59

n*=0,20

/

blackness n*

n*=0,80
000 v ' >
(0X00] 0,20 0,40 0,60 0,80 1,00

n*=1,00 relative chroma c*

output: no change compared to input
L V

swelsAs Jeiud Jo ‘Joyosfoid erep ‘oliuow Jo Indino Joj uoiedidde

1Y\

fo

4dd'/Sd'dN003¢971/710T/293 X-TOE0LO0C -Uolelis!

Blyeyi=opoo ekl NVd

=4

\

&l
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Example for an equally spaced and a more chromatic (top) and less chromatic (bottom) output

Colorimetric transformation:
¢’ =ac*P with a=1,00; b=0,50

t*

ZE320-5

Colorimetric transformation:
¢’ =ac*Pwitha=0,25 b=1,00

t*

ZE321-5

Colorimetric transformation:
c*’ =ac*P with a=1,00; b=0,50

ZE320-6

Colorimetric transformation:
¢’ =ac*Pwitha=0,25: b=1,00

ZE321-6
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Symmetric hue circle and elementary and device colour in CIELAB colour space

hue circles

B

4 elementary hues v 6 basic colours
ZE410-3 ZEA10-2

4 and 6 colours \4

OYLCVMNW default color space
color space plane of constant hue

W

OYLCVM
hexagon

=

9:

Printing ORS18a  “F=3° A&
colour names of

| SO/IEC 15775

threebasic colorsCMY or OLV

three mixed colorsOLV or CMY Chroma C*,,, —>
ZE420-1 ZE411-6

QI.ORPLOORCONHODDE
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Colour workflow for printer output and filter to produce new PDF file for output

PSfile or equivalent PSfile or equivalent
of 1SO/IEC-test chart of 1SO/IEC-test chart
with MTL PS code Y
! PS Printer Driver Distiller Startup
v with MTL PScode| |withMTL PS code
Y Y
PS Printer PS Printer PS Printer PDF filefor
(no MTL PS code) withMTL PScode| |(no MTL PS code) any printer
Vo 1 Vv v
PS printer output PS printer output PS printer output Any printer output

ZE160-3

= = =

Distiller™ 4.0 A Distiller™mSQM Copy 4.0 A Distiller™MTL Copy 4.0 A
N N N
Startup 4.0 A StartupSQM Copy 4.0 A StartupMTL Copy 4.0 A
|j_ Example.ps |j_ Example.ps |j_ Example.ps
MTLEXP05.PS MTL20000.PS
UWITLEXPOS. PS

/| MiLsetgray {setgray} bind def
/setgray {0.5 exp MLsetgray} def
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Absolute and relative affin colour reproduction

colorimetric reproduction

Two Methods for Colour Comparison

User needs of professionals and others:
Absolute (professionals) und relative

Relative CIEL AB data
hgp hue

c* relative chroma

n* relative blackness

Absolute CIELAB data | [Visua comparison
hgp hue softcopy — hardcopy
C* apchroma Test of agreement
L* lightness with test files

Test of visual

egual relative spacing
of either softcopy

—|or hardcopy

Test of equal spacing
with test files

Advantages and
disadvantages:

Advantage:
Colorimetric reproduction
of hue, chroma, lightness

| |Disadvantage:

Colour spacesof TV and
Print show differences,
often important colour
areasare clipped

Advantage:

Colorimetric reproduction
of hue, relative chroma
and relative lightness

Colour spacesof TV and

— Print show differences,

No colour areas
are clipped

Disadvantage:
Tolerable small changes of

chroma and lightness

ZE380-3
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Colour workflow according to ISO/IEC TR 19797

Measurement, Transfer and Linearisation (MTL) PostScript Code

Intended: = (Ich*j, — Ich*oy) = Min. or X (LCH*3i, — LCH*44,) = Min.

————————— “1nput-——-—--—-  ———————-Output—————————-
wWrn | | [Standard] [Standard] W%,
setgray PR18in TCHan PR18ou || ||setgray
ovan||||[Standard] | lclculate] | Standard] | {[olv a0y |
setrgb Il TV18in |f mepe. | TV18ou | setrgb [CH 200
cmyO 30| ||[Device | calculate [Device || [[cmy0aoq| [ LEESUIE
setcmyk PRIn PRou setcmyk
000n*3in || ||[Device | [Device || [[000N™30,]
setcnmyk | | [TViIn TVou setcmyk
8 LCH*; data 8 LCH*, data [LCH 504
LCH*3in setcolor
setcolor
|lch™qy
setcolor

YE910-3
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Colour workflow according to ISO/IEC TR 19797 with new colour data, for example rgb*

Measurement, Transfer and Linearisation (MTL) PostScript Code

e “nput——————————  ———————— Output———-
rgb*sin | [ [Standard] [Standard] [w*qy
setcolor PR18in [CHan PR18ou || ||setgray
e, ||| [Standard]| LA ate] | Sandard]| |[olv 30,
setcolor TV18in [, TV 18ou || ||setrgb
nch,  ||||/Device calculate [Device || [[omy0 ™30
setcolor PRIn PRou setcmyk
ncu*in ||| Device |Device 000N’ *34,,
setcolor TVin TVou setcmyk
8 LCH*, data 8 LCH*, data LCH *, o

LCH*3in setcolor
setcolor

|lch™qy

setcolor

LCH*3 0u

measure

Intended: < (Ich*j,, — Ich*qy) = Min. or X (LCH*5;, — LCH*30y) = Min.

Y E910-7
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Relative equidistant colour input and output of 16 step colour series

W default color space

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

color space planes: color space planes:

80CY, . ag 05 1,0 0,5 1,0

~Chroma Cp —> rdativechroma s —> rdativechromacs  —>
ZE400-4
Absolute CIELAB input space: Relative CIELAB input space: Natural Colour Connection Space:

lightness L* relative lightness I* relative triangle lightness t*
chroma C*g, relative chroma c* relative chroma c*

\Y

@@U-o-m-)-@-m-u-m-m-n-m-m-»—n
-

@@-U-o-m-)>-©-oo-\1-ou-u1-4>-w-m-

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

=

"

05 1,0 P05

relative chroma c* relative chroma c*
ZE400-4

Natural Colour Connection Space: Relative CIELAB output space: Absolute CIELAB output space:
relative triangle lightness t* relative lightness I* lightness L*
relative chroma c* relative chroma c* chroma C*g,

QPR HODD.
@@U-o-m->-®-oo-\l-m-m-4>-w-r\)-
@@-U-o-m->-©-oo-\l-ov-u-l-b-w-m-
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User friendly relative colorimetric colour notation with elementary colour cocrdinates ncu*

User friendly colorimetric colour notation ncu* and linear relation to threergb*; data

n* relative blackness relative opponent ( r*, j*) chroma
c* relative chroma u*;=j00g A j*
;=
C*

u* elementary (unique) hue text

u* =r25j
F
= rOOJ
White W r*
S steps
n* = 0,25 Chromatic
s u*g = b00r

n*

0
0 u*g = g00b

/\

S steps rii -0
¢ 5geps C =1 relative trichromatic CIELAB ( a*,, b*,) chroma
placc N elative ch s rgbay=110 f o rgo*3x =10.250
n* = relativechromac H*, ;= 92 degree H*,x = 42 degree

¢t=0 ¢*=0,50

\

rgb*g,G =010
H*3 ¢ = 162 degree

=(25+0,25*67)degree

rgb*3,R =100

H*ar = 2;3 degree
\/ ar

rgo*35 =001, H*;p=272degree

examplefor colour notation:
ncu* = 0,25 0,50 r25j

-

YE911-7
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9 and 16 step colour scales of ele

mentary hue Blue B

28/34

Www.ps.bam.de/ZE62/10L /L 62E00NP.PS.PDF, Page 20/60; ORSIS; transfer and output

©

291
38S

lab*tch and lab*nch
D65: hueB
LCH*Ma: 42 45 271
olv*Ma: 0.0 0.49 1.0

triangle lightness t*

MMM/ 13 :UOIJewWoul [eaIuy
Y 'Sa|1) fejlus oy

q
WLH3ZPep Weq'sd MMM /293 Z/ep wed sd Mmmw//:d)

p

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

Input: Colorimetric Offset Reflective System ORS18
for hueh* = lab*h = 271/360 = 0.754 ORS18; adapted (a) CIELAB data ORS18; adapted (a) CIELAB data

L*=L*, a*a b*a Craa , L¥*=L*, a*a b*q C*wa

lab*tch and lab*nch

47.94 6539 5052 82.63 68.
90.37 -10.26 91.75 92.32 D65: hue B 11 61.

50.9 . 3496 7191 LCH*Ma: 42 45 271 .87 38.
58.62 . -45.01 54.3 .87 17.

58 3154 7548
52 52.63 80.96
77 65.02 7571
37 76.69 78.63

25.72 31, -44.4 5422 olv*Ma: 0.0 0.49 1.0 19 -2.8  87.69 87.73
-836 75.74 01 -18.73 826 847

. X . triangle lightness t*
% Gamut 26.98 % Gamut

U* g = 93 26 -2.16 67.76 67. U* g = 93

. . 25 11.76 43, .
% Regularity Bar 30, . 4684 4686 % Regularity
9hra = 57 e = 57
9*cra =59 O*cra =59

i*=075 /V

brilliantness i*

B —

0,80 1,00

0,75 1,00

relative chroma c*

73.46
70.05
56.92

-20.18 64.05
13.77 72.87

i*=1,00

brilliantnessi*

relative chroma c*

ZE620-7N, 9 step scales for constant CIELAB hue 271/360 = 0.754 (left) Page20/60  ZE620-7N, 16 step scales for constant CIELAB hue 271/360 = 0.754 (right
i: BAM-test chart ZE62; Colorimetric systems, Page 20/60 input: rgb / cmy0 set(rgb/cmyk)col or i
= D65: 9 and 16 step colour scales for 10 hues output: —>cmy0* setcmykcolor 3
C M Y [e] L V

SWISAS Jojuowi Jo Jejulid JO UsWensSeaw pue uoieneAs o) uoiedijdde

40d’/Sd'dN003291/10T/293Z-T00T.00¢ uonensifel Nvg

Eleyl=epoo ‘elLekru Nvd

-6




K. Richter: Colour Definition and Workflow for Reproduction in Offices

4 colour separation for Blue B with low material efficiency using only chromatic colorants

%

@)

i

T'7=0!"

WLH3ZPp'weq

L
SZ

ZE620-7N. 9 si scalesfor

i
J Input: Colorimetric Offset Reflective System ORSL8

3 5‘ é? for hueh* = lab*h = 271/360 = 0.754
EFy lab*tch and lab*nch
gi D65: hue B

ENll L CH*Ma: 42 45 271
[ olv:Ma: 0.0 0.49 1.0
SO riangie lightness t*
=3
g%

i

I%
N

[
5.@
mg
o
=]

29/34

W ps bam delZE62/TOLTL62E00N P.PS/.POF, Page 30/60; ORSTS; ransfer and GUiput
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D); Separation: ¢

< i
- HEE |7
Output: Colorimetric Offset Reflective System ORS18
ORS18; adapted () CIELAB data for hueh* = lab*h = 271/360 = 0.754 ORS18; adapted (a) CIELAB data
bra L'=l%a & B EIBEE | o and lab¥nch bra 'a @ D C
; : D65: hue B
LCH*Ma: 42 45 271
olv*Ma: 0.0 0.49 1.0

N

1 NVE

0o.

triangle lightness t*
% Gamut

Ut =93

%Regularity Ry
G =57

e =59 J*cra =59

% Gamut
U*ra =93
Y%Regularity  peprysy

G e =57 B 4178 11

B25R29.34 24.33

BSOR40.78 60.78

B75R48.06 7156 1377 7287

40d'/Sd'dN0029 1/ 10T/293Z-T00T.00Z “UoHess!

*=075 /V

brilliantnessi*

SWRISAS J0}IUOW JO JSjuLid JO JUSLUSINSESLU pUe UoITeneAs 1oj uolzeal|dde

ew Ave

075 100 X ), X ) 0,80 1,00

relative chroma c* relative chroma c*

&y elpeUI=apoo ;R Lo

constant CIELAB hue 271/360 = 0.754 (left) Page 30/60 ZE620~7N, 16 step scales for constant CIELAB hue 271/360 = 0.754 (right) c_n ﬁ
BAM-test chart ZE62; Colorimetric systems, Page 30/60  input: rgb/ cmy0 sa(rgblcmlyk)coior h:l&
D65: 9 and 163§Jocl3urswl$for 10 htvm . output: —>ci setcmykeol or 5

—_— e pult —>Cmy0" setamyk £

£

%

I

7

[eoIYD L
WS J0} 89S

314 e

/ZQEIZBP'UBq@d‘MMMIIIHuU

:
i
g
&
3

MMM

W_LH‘EIZPP'UEQSE‘

Input: Colorimetric Offset Reflective System ORS18

for hueh* = lab*h = 271/360 = 0.754 [ORS18; adap(’ed (a) CIELAB data
ab*tch and lab*nch bra LN

D65: hueB

LCH*Ma: 42 45 271

olv*Ma: 0.0 0.49 1.0

triangle lightness t*
% Gamut

U*ra =93

% Regularity
G e =57
9*cra =59

Bee

075 1,00
relative chroma c*

(@)
157

D65c: 9 and 16 step colour scalesfor 10 hg&s

5 Y

www.psban.delZE62/10L7L62EO0NP.%.PDF, Page 40/60; ORSIS; transfer and output

N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D); Separation: m n
Output: Colorimetric Offset Reflective System ORS18
for hueh* = lab*h = 271/360 = 0.754
lab*tch and lab*nch b*a

Ry D65: hueB

ZE620-7N, 9 step scales for constant CIELAB hue 271/360 = 0.754 (left) Page 40/60 ZE620-7N, 16 step scales for constant CIELAB hue 271/360 = 0.754 (rit mn ﬁ
‘:‘ BAM-test chart ZE62; Colorimetric systems, Page 40/60  input: rgb / cmy0 set(rgb/mv]vk)col or h:‘&
output: —>cr Wlﬁa keolor g

———— it 20 3

_TEmz
g

[ORSIS; adapted (a) CIELAB ata
=L*a a%a b a Man

R 480 6858
R25) 50.11 6152
R50) 62.87 38.77

17.37

% Gamut
Ut =93
% Regularity | reesyryy
=57  [HIRIECEE
- B25R 29.34
Grem =59 -20.18 6405
13777287

080 1,00
relative chroma c*

SWeISAS Jojjuow Jo JeuLd JO JUSLUBINSESL pue UoleneAs Joj uoiealjdde

1 inva )/

Bo.

40dd’/Sd'dN0032971/10T/293Z-T00TL00C -Uoe.s|

ew \Nve

&y B I=OP00 ;1R

@)
@

:uoiewLIojul 01Uy |
Yy s8]l R|IWIS 104 89S

UOSPA ap'Lueqsd'MMM//:duﬂ
MMM /293 Z /0P’ Wkeq 'Sd MM/

asd

T'T=0I'T
WLH3IZPp'weq

A

N
4__Lmm

www.psbam delZE62/T0L L 62E00NP.PS PDF, Page 50760; ORSIS, fransfer and GUput

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

@l
&

1 NVE

160,

SWISAS J0}IUOW JO JSjuLid JO JUSLUSINSESLU puUe UoIfeneAs 1o uolzeal|dde
40d’/Sd'dN0032971/710T/293Z-TO0TL00Z -uole.st

ew Avd

BAM-test chart ZE62; Colorimetric systems, Page 50/60

&y elpeUI=apoo ;e Lo

/A
input: rgb / set(rgb/ col N
it LS

D650: 9and 16 step oclgur scalesfor 10 hues
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9 and 16 step colour scales of device colour Orange red O

30/34

waw.psbam.de/ZE82L/10L/L 82EOONP. POS/ .PDF, Page 11/66; ORSI1S; transferMand output

N

©

38S

201

lab*tch and lab*nch
D65: hueO

LCH*Ma: 52 76 38
olv*Ma: 1.0 0.0 0.0

triangle lightness t*

MMM/ H :UoIfewoul [ealuy
Y 'S9|1) fejius oy

q
WLH3ZPep weq'sd MMM {/zg3Z/ep wed sd Mmmw//:d)

p

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

Input: Colorimetric Offset Reflective System ORS18
for hueh* =lab*h = 38/360 = 0.105 ORSI18,; adapted (a) CIELAB data

L*=L*, a*, b*a  Craa

lab*tch and lab*nch

a*, C*aa

51.74 60.16 46.48 76.02 .79 63.09 . 69.44
—044 8441 84.94 D65: hue O .73 56.6 . 74.48
-57.8 3216 66.15 LCH*Ma: 52 7 47 3567 59.82 69.65
-27.91 -41.41 49.95 € 2 5 &3 . 15.98 . 72.34

2861 -40.85 49.88 olv*Ma: 1.0 0.0 0.0 03 -2

.58 . 80.71

—-7.69 69.68 .92 -17.23 . 77.92

0 triangle lightness t*
. . 0.0 0.0
% Gamut ) . 2482 59.4 % Gamut

U* = 85 39 -199 6234 6237 U* 4 = 85

: . . 10.82 40.36 .
% Regularity Bar 35 . Z4309 4311 % Regularity

9 hrd =57 0% = 57
9*cre =59 O*cra =59

i*=075 /V

brilliantness i*

B — e

0,75 1,00 0,00 ] 0,40 0,60

relative chroma c*

-41.26 43.1
-41.12 41.15
—-40.91 46.64
-18.57 58.93
12.67 67.04

i*=1,00

brilliantness i*

0,80 1,00

relative chroma c*

ZE820-7N, 9 step scales for constant CIEL AB hue 38/360 = 0.105 (left) Page11/60  ZE820-7N, 16 Step scales for constant CIEL AB hue 38/360 = 0.105 (right
-g: BAM-test chart ZE82; Colorimetric systems, Page 11/60 input: rgb / cmy0 set(rgb/cmyk)col or i
= D65: 9 and 16 step colour scales for 10 hues output: —>cmyn5* setcmykcol or 3
C M Y [e] L

SWISAS Jo1iuowi Jo Jejulid JO UsWsInsSeaw pue uoieneAs o) uoiedijdde

40d’/Sd'dN003281/10T/283Z-T00T.00¢ uonensifel Nvg

EleyI=opoo ‘elLekrw Nvd

V
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4 colour separation of Orange red O with high material efficiency using the black colorant

[

/I

31/34

Z uosRBA  apweqsdmmmw//d:

WLH3ZRp uweqsd mmm '/zg37/ap weq sd mmw,

T'T=01'T

, \@—-:

Input: Colorimetric Offset Reflective System ORS18

[ORS18; adapted (a) CIELAB dala
b*a  Craa
4648 7602

for hue h* = lab*h = 38/360 = 0.105
lab*tch and lab*nch 5174 60.16
D65: hue O .77 -9.44
LCH*Ma: 52 76 38
olv*Ma: 1.0 0.0 0.0

trianglelightness t*
% Gamut

U*ra =85

% Regularity
9" =57
9*cra =59

Boe

i*=075 /V

brilliantnessi*

075 1,00

relative chroma c*

'ZEB20~7N, 9 step scales for constant CIELAB hue 38/360 = 0.105 (left) Page 51/60
-’:leAM-m chart ZEB2, Colorimetric systems Page 51/60
DGSC: 9 and 16 step col’?ur scales for 10 hl;IeS

ZEB20~7N, 16 step scales for constant CIELAB hue 38/360 = 0.105

www.psbam. delZE82/10L TLB2E00NP.PS/. POF, Page 51/60; ORSIS, ransfer and Guipit
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D); Separation: n

[ORS18; adapted (a) CIELAB data
Ly s D'

bty

.

NI

% Gamut
U*a =85
% Regularity

BSOR45.15 5592 -18.57 53.93
[B75R51.85 65.84 1267 67.04

i*=0,60 brilliantnessi*

080 1,00
relative chroma c*

input: rgb / cmy0 set(rgb/cmyk)color
B omws: setcmykeolor

b0 WVE%

SWweISAS Jojjuow Jo Jeuind JO JUSLUBINSESL pue Uolen eAs Joj uoieal|dde
40dd"/Sd'dN0032871/710T/283Z-T00T 002 -uo eS|

elrRYI=9p00 :RLRW NYE

=




K. Richter: Colour Definition and Workflow for Reproduction in Offices 32/34

Summary

- Device dependent colour systems

- Elementary colour systems

- User friendly rgb* and ncu* (icu*) colour coordinates
- Colorimetric connection with CIELAB for any device

- Output with high visual efficiency (16 output steps
are equally spaced) based on output linearisation

- Output with high material efficiency (grey is printed

by the black and not with chromatic colorants)
based on improved separation technologies

- More examples are shown in the poster session

| thank especially Dr. Jens Witt, Dr. Stefan Jaeger, Hans Wagenknecht, Philipp Kittelmann and Bern Muschik for the
scientic and other help and promotion of this paper
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German standards and international standard documents for colorimetric image technology
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Input |Output |Input and output media and applications Standard
| nput media Output mediajApplication
= = = - Basis DIN 33866—-1
analog |analog |DIN-test chart (hardcopy) Hardcopy |Copier DIN 33866—-2
analog |digital |[DIN-test chart (hardcopy) File Scanner DIN 338664
. : ardcopy  |Printer DIN 33866—3
digital |analog |DIN-test chart (file) ftcopy M onitor DIN 33866-5
Input |Output |Input and output media and applications Technical Report
Input media Output medialApplication |(TR) or Standard
= - - - Basis |SO/IEC TR 24705
analog |analog |ISO/IEC-test chart (hardcopy)| Hardcopy |Copier | SO/IEC 15775
analog |digital |ISO/IEC-test chart (hardcopy)| File Scanner |SO/IEC TR 24705
. . ardcopy  |Printer |SO/IEC TR 24705
digital |analog |ISO/IEC-test chart (file) ftcopy M onitor 1SO/IEC TR 24705

YEQ900-7
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