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This paper has been presented at the “Black and White Conference” of the Inter-Society-Colour-
Council in Portland (November 15, 2008) and will be published at the above web-sites

A new German draft standard DIN E 33872-1 to 6:2007 on relative colour reproduction with many
DIN-test charts has been published. For titels and the DIN-test charts see

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

The DIN-test charts are freely available in the internet together with questions about output
properties for monitor and/or printer output on the last page of every DIN-test chart file.

A new Relative Elementary Colour System RECS has been printed in Standard Offset Printing
with a 16-step elementary hue circle. About 2000 colours of the 16 hues with 5- and 16-step
colour scales have been printed. They serve as reference colours for input and output in image
technology, see

http://www.ps.bam.de/RECS
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Introduction

- Colour names for device and elementary colours
according to ISO/IEC 15775

- Spectral elementary colours

- Colour double cone with device or elementary hues
- Elementary hue circle and rgb* colour coordinates

- 5- and 16-step colour scales for elementary hue B

- Output colours defined by rgb and cmyO coordinates
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Definition of elementary colours according to ISO/IEC 15775 and spectral chromatic values

Achromatic colours Elementary colours Device colours

"Neither-nor"-colours Television (TV), Print (PR)
Photography (PH)

five achromatic colours: four elementary colours: six device colours:

N black (french noir) R red C cyanblue

D dark grey neither yellowish nor blueish  pg magentared

Z central gre G green Y vyellow

_ grey neither yellowish nor blueish y

H light grey B blue O orangered

W white neither greenish nor reddish L Ieafgreen
J yellow (french jaune) V' violetblue

neither greenish nor reddish

YE980-31

a(M) relative RG-chromatic values 5()\) relative JB-chromatic values
linear assessment of radiation linear assessment of radiation

yellow

a\) =x\) -yQ\) b(A) =04[YQ\) -z(\) ]

10]0) S1000) 600 700 400 500 600 700
wavelengthA/nm wavelength A/nm

XE351-11 XE351-21
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Elementary hue circle and different hue planes of a colour double cone

huecircles

G O\
~N

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

ZE410-7

c >\ VAN ' Y
~ ~N '

PR TV PR TV PR TV PR TV
C.g68b g3lb N O:rl19; rl4 V:b29r b29r N VY:j06g jl1l6g

ZEA10-5

B O\ '
N

PR TV PR TV
B:b0Or bOOr N J: j0Og j0Og

MO -
~

PR TV PR TV
M:b72r b50r 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
ncu* (relative blackness n*, relative chroma c*, elementary hue text u*)
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Input datargb =(1, 0, 0), (1, 1, 0), (0, 1, 0), (0, O, 1) intended for elementary colour output

N Il

(o

N

with rgb data of the
four elementary hues
100=Red R
110=YelowJ
010=Green G
001=BlueB

:UOITeWIOJU1 [e21UYdS |
WU 'S9|1} RIS IO} 303

yellowish

Green G

bluish

T'T=01 ‘T'Z UOSIOA EIZLSSS/BD'WEQ'Sd'MMMIIZdHHI

LH®aRep Weq'sd Mwm :/GTad/ep weq'sd Mmmw/:

WWWw.ps.bam.de/Del5/10L /L T5e00NP.PS /.PDF, Start output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

Input: Colorimetric Offset Reflective System ORS18a

ORS18a; adapted (a) CIELAB data

L*=L*, a%  b*,

C*pa Maa

65.39 50.52
-10.26 91.75
-62.83 34.96
-30.34 —-45.01
311 -44.4
75.28 -8.36
0.0 0.0

0.0 0.0
58.66 26.98
-2.16 67.76
-42.25 1176
115 —-46.84

yellowish

Red R

82.63
92.32
7191
543
54.22
75.74
0.0
0.0
64.57
67.79
43.87
46.86

Test chart 1 according to DIN 33872-5, Page 1/2

‘J Del50-7N, 20 st% hue circle with elementary colours R, J, G, Bleft)

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

L*=L* 4 a*,  b*,

Io/d

n=00to 19
94 6539 5052
00=Red R } -1026 9175

05=YellowJ ) -6283 3496
-3034  -4501

10 = Green G 3 311 —44.4

15=BlueB : 7528  -836
0.0 0.0
0.0 0.0
58.66 26.98
-2.16 67.76
-42.25 11.76
1.15 —46.84

yellowish e lerren
Green G Red R

bluish

20 step hue circle with elementary colours R, J, G, Hright)

[0]

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

38
9%

236
305
354
0

0
25
92
164

)
)

swiesAs Jewiud Jo ‘1o13efoid eep ‘Joluow Jo Ndino Joj uoieldde

N\
8

T0E0800Z :Uolessital Nvg

4dd’/ Sd'dNO0RST 1/710T/51ea-

eleyl=epod elekw NVd

\

input: rgb (—>olv*) setrgbcolor t
Elementary hue agreement and discrimination, ORS18a output: no change compared to input
C M Y L \Y

5/25
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Input data rgb (surround) and cmyO (center) for colour output of elementary colour Blue B

:UOITRWIOJU [eDIUYS |
WU 'S3|1} IS IO} 3OS

T'T=01 'T'Z UOSIOA 324888/9D'weq3d'MMM//2d113
INLH3a/ep weq'sd'mmm * Taa/ep weqsd mmm//:d)

Input: Colorimetric Offset Reflective System ORS18a
for hue h* =lab*h = 271/360 = 0.754 ORS18a; adapted (a) CIELAB data

WY L [e] Y
www.ps.bam.de/Del4/10L/L 14e09NP.PS /.PDF; start output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

L*=L*, a* b* Cc* hi
lab*tch and lab*nch a2 ~a a Ba

OMa 47.94 65.39 50.52 82.63

D65: hue B -1026 9175 9232

LCH*Ma: 42 45 271 ~6283 349 7191

. -30.34 -45.01 54.3

olv*Ma: 0.0 0.49 1.0 72 311 —a44 42

triangle lightness t* 13 7528 -836 7574
0.0 0.0 0.0
00 00 00

% Gamut 58.66 26.98 64.57

U*reI =03 . -2.16 67.76 67.79

-42.25 11.76 43.87

o .
% Regularity B 1.15 -46.84  46.86

9 Hra =57
g*cre =59

n* =0,00

n* =0,25 /

L EGQEST

0,75 1,00
relative chroma c*

Output: Colorimetric Offset Reflective System ORS18a

for hue h* =lab*h = 271/360 = 0.754
ol |ab*tch and lab*nch

D65: hue B
LCH*Ma: 42 45 271
olv*Ma: 0.0 0.49 1.0
triangle lightness t*

ORS18a; adapted (a) CIELAB data
L*=L*; a*a b*a C*aba Mg
Oma 47.94 6539 50.52 82.63 38
YMa 9037 -1026 9175 92.32 96
Lma 509  -6283 3496 71.91 151
Cma 5862 —3034  -4501 543 236
311 -44.4 54.22 305
75.28 -8.36 7574 354
0.0 0.0 0.0 0
0.0 0.0 0.0 0
% Gamut 58.66 26.98 64.57 25
U* g =93 . -2.16 67.76 67.79 92
-4225 1176 4387 164
115 -46.84  46.86 271

% Regularity
O Hra =57
gcre =59

n*=0,20

‘/

blackness n*

0,80 1,00
relative chroma c*

swesAs lnd Jo ‘Jo1oefoiderep ‘ioluow Jo NdNo Joj uoiesldde

—/) eieyi=apoo :pLREW NV

Tva )/

o

4dd’/ Sd'dN60ST 1/710T/7T2A-T0E0800¢ UOo!RJIS!

\

Del40-7N, 5 step scales for constant CIELAB hue 271/360 = 0.754 (left
-j Test chart 1 according to DIN 338724, Hue B, Page 10/11
Equality for two colour definitions, ORS18a
C M Y

(0]

16 step scales for constant CIELAB hue 271/360 = 0.754 (right
input: cmyO-center, rgb—background i
output: no change compared to input
L W

6/25
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Content of the “Black and White” part

- Chroma 2 colours of Munsell Renotation definition

- Shift of achromatic point along diagonal j50g — b50r

- Chromatic and achromatic properties of laser printer
- Achromatic coordinates of standard offset printing

- Achromatic test chart according to DIN 33872-3

- Achromatic test chart according to ISO 9241-306

- ISO-test chart projection in a daylighted office

- ISO-test chart monitor viewing in mixed illumination
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Munsell Renotation Colours of Chroma 2 and Values 2, 5, and 8 in different diagrams
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Output example of two laser printers in CIELAB (C*., L*) and (a*, b*) diagrams

System: Laser printer System: Laser printer

Input data: rgb

CIELAB hueangles: b* 5
h,p, = [40, 101, 142, 227, 276, 355]Y T

chroma a*,

>
>

(C*abam: L*m)

System: Laser printer System: Laser printer

Input data: rgb Input data: cmyO

CIELAB hueangles: b* 5 CIELAB hueangles: b* 5
hap = [40, 101, 142, 227, 276, 355] T hap = [33, 100, 149, 252, 300, 350] T

chroma a*, chroma a*,

> { >
> A >
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Achromatic standard offset colours only printed with black colorant and PostScript operators for achromatic colours

5 steps of colour series Colour space, colour space coor dinates and PostScript oper ator
black — white (N — W) according to I SO/IEC 15775:1999 and DIN E 33872-1.:2007
Linear mixture between Standard CIELAB adapted CIELAB relative CIELAB
black and white LAB*LAB* = LAB* |LAB*LAB*;=LAB*;|lab*rgb* =rgb*

in CIELAB colour space LAB* setcolor LAB*, setcolor rgb* setrgbcolor
1,00 N + 0,00 W (black N) 1801 050 -040 (1801 0,00 0,00 |0,00 0,00 0,00
0,75N +0,25W 3735 0,10 0,80 (37,35 0,00 0,00]|0,25 0,25 0,25
0,50N + 0,50 W 56,70 -0,10 2,10|56,70 0,00 0,00 |0,50 0,50 0,50
0,25N +0,75W 76,05 -050 -340|(76,05 0,00 0,00 0,75 0,75 0,75

0,00 N + 1,00 W (white W) 9541 -098 4,769,411 000 0,00 1,00 1,00 1,00

XE960-31

5 stepsof grey series Colour space, colour space coor dinates and PostScript operator
black — white (N - W) according to I SO/IEC 15775:1999-12 and DIN E 33872-1:2007
Linear mixture between relative CIELAB

black and white lab*w* | lab*000n* = 000n* | lab*cmy0* = cmy0* | lab* olv* = olv*

in CIELAB colour space setgray | 000n* setcmykcolor | cmyO* setcmykcolor | olv* setrgbcolor

1,00 N + 0,00 W (black N) 0,00 |0,00 0,00 0,00 1,00{1,00 1,00 1,00 0,00{0,00 0,00 0,00

0,75N + 0,25 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
0,50N + 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

YE920-11
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Qutput example of DIN-test chart according to DIN 33872-3

cold
cold

\Y L 6] Y
www.ps.bam.de/Del3/10L/L13e01INP.PS /.PDF; start output

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

H

L*/Y+Yr 180/25 231/38 282/55 333/77 385/10,3 436/136 488/17,4 54,0219 591272 64,3/33,2 695400 74,7/478 798/565 850/66,1 90,2/76,8 95,4/88,6

- _

No. and

Hex code

|* D D
CIELAB, r

(relative) 0,000 0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600 0,667 0,733 0,800 0,867 0,933 1,000
Use of the PS operator 000n* setcmykcolor
L*/Y+Yr 18,0/25 231/38 282/55 333/7,7 385103 43,6/13,6 488/174 54,021,9 591/27,2 64,3/33,2 695/40,0 74,7/47,8 798/565 85,0/66,1 90,2/76,8 95,4/88,6

. _

10808002 :UoirsIfal NVE

No. and
Hex code

|* D D
CIELAB, r

(relative) 0,000 0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600 0,667 0,733 0,800 (0X:074 0,933 1,000
Use of the PS operator w* setgray
L*/Y+Yr 180/25 231/38 282/55 333/77 385/10,3 43,6/136 488/17,4 54,0219 591/27,2 64,3/33,2 69,5/40,0 74,7/47,8 798/56,5 850/66,1 90,2/76,8 954/88,6

o _

No. and
Hex code

|* D D
CIELAB, r

(relative) 0,000 0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600 0,667 0,733 0,800 0,867 0,933 1,000
Use of the PS operator nnn0* setcmykcolor
L*/Y+Yr 180/25 231/38 282/55 333/77 385/10,3 43,6/136 488/17,4 54,0219 591272 64,3/33,2 69,5400 74,7/47,8 798/56,5 850/66,1 90,2/76,8 95,4/88,6

. _

No. and
Hex code

CIELAB, r

(relative) 0,000 0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600 0,667 0,733 0,800 0,867 0,933 1,000
Use of the PS operator www* setrgbcolor

sweis/s Jewnd Jo ‘io13efoud erep ‘Joliuow Jo ndino Joj uoieoidde
d4dd’/Sd'dNTOSET 1/710T/€Ted-

T'T=01 ‘T'Z UOSBA EIZL8SSBD'UJEQ'Sd'MMM//1d113 UOIJELLIOJU [IUYIS |
WLH2Q/p"Wweq'sd MMM */ETaa/ep Weg 'sd Mmm//:diy S3|1} Je|ILUKS J0} 805

elpey=apoo ;LW NYY

Del30-7

-: Test chart 1 according to DIN 33872-3, Page 1/2 input: 000n/w/cmy0/rgh (mixed)
= Equality; Discriminability with 4 colour definitions, ORS18a  output: no change compared to input
C M Y [e] L \Y

&l
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Yes/No decision “Equality” of DIN-test chart output according to DIN 33872-3

Equality of grey series by four grey definitions (Y es/No decision)
Layout example: 16 step grey series with four grey definitions

1 T T T ] There are two basic colours on each page:

EEEEEEEEEEEEEEEN Black N and White W in mean grey background.

There are adjacent (upper row)
and separate grey samples (lower row).

o

S Thisgives eight grey series.
b | | || | Ineachcolunmethefour adjacent greys
BHEEEEElEIEREREEEEENENR Shouldbeequal.

The four grey series are defined by four

| IHEEEEEEEEEEEEEE _
different PS-operators.

Black N 16 steps White W

This test uses only the four upper adjacent grey series N—W.
For the upper grey series and in each columne the four greys should be equal for all the 16 steps.

Arein each columnethefour greysfor all the 16 steps equal? underline: Yes/No
Only in caseof "No":
Isrow no. 3 most different compared to all others ? underline: Yes/No
Arethe seriesno. 1, no. 2, and no. 4 equal? underline: Yes/No
Only in caseof "No":
Arethe rows no. 2 and no. 4 equal ? underline: Yes/No

Remarks, e. g. other equality: .......ccccvveeiieeeiien e,

Part 1 Del31-1
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Yes/No decision “Discriminability” of DIN-test chart output according to DIN 33872-3

Layout example: 16 step grey series with four grey definitions
vl

| IHEEEEEEEEE NN

| IHEEEEEEEEE NN

bl
HEEEEREEEIEEEREEREREEEEREDEDR
Black N 16 steps, 15 differences  White W

All the 16 steps of the eight series N-W should be distinguishable
Areall 15 grey differences of the eight rows distinguishable?

Only in case of "No":
Test of adjacent grey samples (four upper rows):

underline: Yes/No

Discriminability of 16 step grey series by four grey definitions (Y es/No decision)

There are two basic colours on each page:
Black N and White W in mean grey background.

There are adjacent (upper row)
and separate grey samples (lower row).
Thisgives eight grey series.
The adjacent and separated are identical.
Separated greys are less distiguishable.

Any grey colour is defined by four different
PS-operatorsin four rows

Are the 15 grey differences of the four series distinguishable? underline: Yes/No

Only in case of "No":
Arethe 15 grey differences of series no. 1 distinguishable? underline: Yes/No
Arethe 15 grey differences of series no. 2 distinguishable? underline: Yes/No
Arethe 15 grey differences of series no. 3 distinguishable? underline: Yes/No
Arethe 15 grey differences of series no. 4 distinguishable? underline: Yes/No

REMArkS: .....coeeeee e
Part 2 Del31-3

13/25
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Example of DIN-test chart output according to DIN 33872-3

14/25

1)

991
98BS

T'T=01 'T'Z UOSOA EIZL888/9D'UJE’QSd'MMMllidnHliuoglUJ%U! oY
Y So|1 Je|iuss oy

W.LHaaep weqsd Mmm :/£Taa/ep Weqsd Mmm//:

-: Www.ps.bam.de/Del3/10L /L 13e0INP.PS /. PDF, Start output - -_
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

o

L*/Y+Yr 180/25 231/38 282/55 333/7,7 385103 43,6/136 488/17,4 54,0/21,9 59,1/27,2 64,3/332 69,5/40,0 74,7/47,8 79,8/56,5 85,0/66,1 90,2/76,8 95,4/88,6

- _

No. and
Hex code

|* D D
CIELAB, r

(rdlative) 0,000 0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600 0,667 0,733 0,800 0,867 0,933 1,000
Use of the PS operator 000n* setcmykcol or
L*/Y+Yr 180/25 231/38 282/55 333/7,7 385/10,3 436/136 488/17,4 54,0219 591272 64,3/332 695/400 74,7/47,8 798/56,5 85,0/66,1 90,2/76,8 95,4/88,6

- _

No. and
Hex code

|* D D
CIELAB, r

(relative) 0,000 0,067 0,133 0,333 0,400 0,467 0,533 0,600 0,667 0,733 0,800 0,867 0,933 1,000
Use of the PS operator w* setgray
L*/Y+Yr 180/25 231/38 282/55 333/77 385/10,3 43,6/136 488/17,4 54,0219 591272 64,3/332 695400 74,7/47,8 798/56,5 85,0/66,1 90,2/76,8 95,4/88,6

- _

No. and
Hex code

[* D D
CIELAB, r

(relative) 0,000 0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600 0,667 0,733 0,800 0,867 0,933 1,000
Use of the PS operator nnn0* setcmykcol or
L*/Y+Yr 180/25 231/38 282/55 333/77 385103 436/136 488/17,4 54,0219 591272 64,3/332 695/400 74,7/47,8 798/56,5 85,0/66,1 90,2/76,8 95,4/88,6

o _
No. and

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

[* D D
CIELAB, r
Use of the PS operator www* setrgbcolor

swesAs lnd Jo ‘Jo1oefoiderep ‘ioluow Jo NdNo Joj uoiesldde

-: Test chart 1 according to DIN 33872-3, Page 1/2 input: 000n/w/cmy0/rghb (mixed)
= Equality; Discriminability with 4 colour definitions, ORS18a  output: no change compared to input
[o} M Y (0] L W

Del30-7

fe) Nvg

34dd’/ Sd'dNTOSET 1/710T/€T2A-TOE0800¢ US|

BleyI=opod (elekrW ANvd

&
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Achromatic ISO-test chart according to 1SO 9241-306 for office work places and 8 ambient reflection conditions

15/25

M C

\Y L [e] Y
www.ps.bam.de/M E16/10L/L 16EOONP.PS/.PDF; start output
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

F

background step O 1 ringstep 0-1
Hex code Hex code
7 8 7-8
E E-F
2 2-0
8 8-6
F

U o o T

F-D
code: background-ring

L andolt-rings W-N

DM110-1, Element D: Landolt-rings W-N; PS operator: w* setgray

. . o . .
///&////////////////// ////é////////

7////////////////%/
///// /////

Radial grating (Siemens-star) N-Z Radial grating (Siemens-star) W-Z lineraster diameter in Ipi

ME160-3, Element A: Radial gratings (Siemens-stars) N-W, W-N, N-Z and W-Z; PS operator: w* setgray ME161-3, Element E: Line raster under 45° (or 135°); PS operator: w* setgray

L*/Yinput 18.0/25 37.3/9.7 56.7/24.6 76.1/49.9 95.4/88.6 No(min.) Wq(max.)
1201128136 |144 {152 |160 | 168 | 176 {184 |192 | 200 |208 | 216 | 224 |232 | 240

(absolute)
120
(+8) 240
o] (?_91) 120

(+2) 60

01'0'Z UOSBA

15
WIS e ng, ¢ |:| D 30
(1) Wekout 0,000 15|16 17|18 | 19| 20| 21|22 23| 24| 25|26 | 27| 28| 29| 30

0,250 0,500 0,750 1,000 No(min.) Wj (max.)
lineraster diameter in Ipi

ME160-5, Element B: 5 visua equidistant L*-grey steps+ NO + W1; PS operator: w* setgray MEZ161-5, Element F: Line raster under 90° (or 0°); PS operator: w* setgray
L*/Yinput 18.0/25 232/3.8 283/56 33.5/7.8 38.6/10.5 43.8/13.7 49.0/17.6 54.1/22.1 59.3/27.3 64.4/33.3 69.6/40.2 74.8/47.9 79.9/56.5 85.1/66.2 90.2/76.8 95.4/88.6

L
o _

No. and
Hex code

relative
I J Wﬁput 0,000 0,067 0,133 0,200 0,267 0,333 0,400 0,467 0,533 0,600 0,667 0,733 0,800 0,867 0,933 1,000

L',

ME160-7, Element C: 16 visual equidistant L*-grey steps, PS operator: w* setgray

Test chart ME16 according to 1 SO 9241-306; test chart 3 according to ISO/IEC 15775 input: w* setgray t
Page 1/1; recognition of 16 grey steps, standard contrast range 88.6 : 2.5 output: w* setgray
[} M Y [e) \Y

‘8T ¥'G6 = U,T1:M,T8buUel 152100 gV 131D Y1im Indino Ae|dsip o1rewoIyde Jo) uoireoljddy o
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Scaling of grey colours for different surround and ambient light

TLSxx|Normalisation Y,,,=100.0 [Normalisation Y,,,=100.0
Grey [Lx00 19 76 00+al*00 19 76 00+a
Code CIELAB lightness L* CIE tristimuluesvalue Y
00, F 00 194 76.1 76.1] 00 28 500 50.0
03,C | 200 355 809 770, 30 88 582 515
06,9 | 400 516 856 794 11.3 198 67.3 556
09,6 | 600 678 904 84.0| 281 37.7 772 64.1
12,3 | 80.0 839 952 909| 56.7 638 881 783
15,0 [100.0 100.0 100.0 100.0{100.0 100.0 100.0 100.0
TLSxx|Normalisation Y,,,=88.59 |Normalisation Y,,,=88.59
Grey %00 18 72 00+alx00 18 72 00+a
Code CIELAB lightness L* CIE tristimuluesvalue Y
00, F 00 180 724 724 00 25 443 443
03,C| 191 335 770 733| 28 7.8 516 457
06,9 | 382 490 816 757| 102 176 59.6 494
09,6 | 57.2 645 86.2 801| 252 334 684 56.9
12,3 | 76,3 799 90.8 86.8| 504 566 781 695
15,0 | 954 954 954 0954| 886 88.6 886 886

Y E980-71
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Mixture of illuminants and achromatic colour Black

[lHluminant| CIE-Tristimulusvalues CIELAB data
change | X Y Z X y L* a* bt Cty  hy

86,07% N 001 001 001 0313 0329 008 0.0 0.0 00 00
D65 W 818 86.0/ 93.71 0313 0329 9434 00 0.0 00 00

+2,5200N 0.0 0.0 00 0313 0329 0.0 0.0 0.0 00 00
D65 W | 24 252 274 0313 0329 1801 00 0.0 00 00

Sum N 2.4 253 275 0313 0329 1805 001 001 0.01 320
sum W 842 8859 9646 0313 0329 9541 00 0.0 00 00

86,07%N 001 001 001 0313 0329 008 0.0 0.0 00 00
D65 W |81.8 86.0/ 93.71 0313 0329 9434 00 0.0 00 00

+2,5200N 0.0 0.0 00 0346 0359 0.0 0.0 0.0 00 00
D50 W | 243 252 208 0346 0359 1801 00 0.0 00 00

Sum N 244 253 209 0346 0358 1805 0.71 517 522 821
Sum W 8423 8859 9579 0314 033 9541 007 044 045 815

86,07%N 001 001 001 0313 0329 008 0.0 0.0 00 00
D65 W 818 86.0/7 93.71 0313 0329 9434 0.0 0.0 00 00

+2,52%N 0.0 0.0 00 0448 0407/ 00 0.0 0.0 00 00
A W | 277 252 09 0448 0407 18.01 0.0 0.0 00 00

Sum N 278 253 091 0447 0407 1805 724 1817 1956 68.3
sum W |84.57 8859 9461 0316 0331 9541 071 123 142 60.1

ZE301-71
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Content of a part “Colour Separation Methods”
- Device and elementary hues in CIELAB (a*,b*)
- b-step and 16-step colours of elementary hue blue B
- Colour separation method by cmyO*
- Intelligent colour separation method by cmyn*
- Relative Elementary Colour System RECS
about 2000 colours in standard offset printing
16-step elementary colour circle
5-step and 16-step colour scales
Intelligent colour separation
1080 standard colours within 9x9x9 rgb grids
ISO/IEC-test charts for office devices according
to ISO/IEC 15775 and ISO/IEC TR 24705
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Elementary colour coordinates rgb* and relation to colour coordinates nicme* ; Device and elementary hues in CIELAB diagrams (a*, b*)

Elernentar hue Red R: |inear gi/rS\tearr?)l?_\sisolrgCIELAB(L*,a*,b*)and adapted (a) CIELAB (C* g 5, L*)
. . . em: a 1% ae = (L* = L* / (L*\, - L*
relation lab*rgb*; — lab* nicwe* e = (L = L) (L L)

CIELAB hueangles A= at —aty = g [@fw — @ty ]
* = h* — %, — |* %
8 ‘ | hap,g = [37, 96, 150, 236, 305, 353] 1.« b*a=b* —b*N | b [ bzwmb N
Nap e = [26, 92, 162, 217, 272, 329] &l Crapa=[ay +b*

2]
Ji

a* 5= C*gpaCoShy,
b*a=C*apaSN hyp

' ~ 2., chroma a*,
%o,
w*

\ \ | |

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

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

System: TL SO0 *lapr = (L* = L*) [ (L*w -L*N) System: NRSl11a *lape = (L* = L*p) [ (L*w - L*N)
atg=ar —aty X [ty —a* ag=ar —ary — Fgpe [ @ty — a

CIELAB hue angles: e b*N |*Iab [b w b*N] b*a_b* b*N I*Iab [b w b*N]

has 4 =[40, 102, 136, 196, 306, 328 . = N Pigbe [P - B ] CIELAB hue angles a= b =N = Piape [ D = Dy ]

hab.e = [26, 92, 162, 217, 272, 329 Crapa=[a"a +b*y"] hab ¢ = [23, 90, 167, 202, 272, 325 Crapba=[a"a +b*y"]

hap e = [26, 92, 162, 217, 272, 329)]

(&
g
)

a*;=C*gpaCoshy,
b*a=C*abyasin hab

jT
)1 chroma a*,

a5 =C*gpaCoshy,
b*a: C*ab,asin hab

chroma a*,

________1.0 o000 000 0.0
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9 and 16 step colour scales of ele

mentary hue Blue B

20/25

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
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4 colour separation for Blue B with low material efficiency using only chromatic colorants
= W ps bam delZE62/TOLTL62E00N P.PS/.POF, Page 30/60; ORSTS; ransfer and GUiput < _:l
% N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D); Separation: ¢ n

i

J Input: Colorimetric Offset Reflective System ORS18 Output: Colorimetric Offset Reflective System ORS18

for hue h* = lab*h = 271/360 = 0.754 ORS}§$ ?daplfd @ CJELAB data N for hueh* = lab*h = 271/360 = 0.754 JORS18; fdam‘ed (@ CJ ELAB data
Jab*tch and lab*nch bra L'=l’a @a_ D'a__ Caba v ah SUNSSRATINNTY ba 'a #a_ Ua
D65: hue B ; 3 D65: hue B

www.ps.bam.de/ZE62/10L/L 62EOONP.PS/.PDF, Page 40/60; ORS1S; transfer output _:‘
Iz s T 2
&

N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D); Separation: m n
i
/ Input: Colorimetric Offset Reflective System ORS18 Output: Colorimetric Offset Reflective System ORS18

=
Y

@)

@&
7
@

for hueh* = lab*h = 271/360 = 0.754 ORLSIEVLMBNSG @ (;IELA%gala - for hue h* = lab*h = 271/360 = 0.754 DRSIBJLSUSP‘SG (@ glELABCPia e
. . r=l*g a'a y *=l*a a*a  bfa .a *ab,
lab*tch and lab*nch bra O #0505 8 lab*tch and lab*nch R 280 858

[EOIUD L.
LIS 10} 895
1 NVE
[OIUYD |
WS 10} 895
1 NVE

T'7=0!"

WLH3ZPp'weq

*=075 /V

brilliantnessi*

&8 D65: hue B YMa 9037 -10.26 PRy D65: hueB R25) 5011 6152 §8
LCH*Ma: 42 45 271 8 : LCH*Ma: 42 45 271 Sa LCH*Ma: 42 45 271 : s § : [R50) 62.87 f%; Sa
[yl olv*Ma: 00 049 10 . 4 5 olv*Ma: 0.0 049 10 o8 [l o'v*Ma: 00 049 10 ; S8
= - = -5
= ) e3 = 23
SIE trianglelightnesst* Y Y triangle lightness t* D1 ["J triangle lightnesst* 41 0, Y Dy
ES % Gamut 66 26 Y %Gamut §8 M z %Gamut Y 66 26 % Gamut ]
=5 Ut =93 . 8 Ut =93 g =5 U*re =93 : 5 6. g =93 gs
\§ 9%Regularity : %Regularity  pesep § .\t 9%Regularity 9%Regularity §
‘g o =57 R §.,'\, \g G*Hyred =57 g. N
g'ﬁ RN £50r 4078 6078 3 E g-g g'crel =59 78 -2018 64.05 30
-'8 B75R48.06 7156 1377 7287 g = -E 13.77 7287 E E
v §§ g2 v §§ g2
= = a =
20 @ S

BN ER BN £
o 28 o 2
& 28 58 EL]
270 270

Q. z @. 3
El g o2 S g Ry
° BB 39 MR8 39
ERl ER

9 <}

g &2

§ 3

3 3

g
g
m
T
2

ew NvVE
ew NVE

075 1,00 I ¥ ¥ X 080 1,00 075 100 X ¥ Y X 0,80 1,00

relative chroma c* i*=0, relative chroma c*

ZE620-7N, 9 step scales for 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
i:‘ BAM-test chart ZE62; Colorimetric systems, Page 30/60  input: rgb/ cmy0 sa(rgblcmlyk)coior h:l&
D65: 9 and 16 step colour scales for 10 hues output: —>cm; setemykcolor 5

W o " ——— £

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

relative chroma c* 9 relative chroma c*

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:‘&
D6§:9end 16 step colour scales for lohges outy m:—>uw0‘:satm@oor %

10 16 Step corour scales Tor ———— it 20 S

&y elpeUI=apoo ;R Lo
&y B I=OP00 ;1R

L
SZ

(@)
157

@)
@
B
N2

i £
EX X
iy 85
33 23
Ex EE
= m
3 s
2 g8
0 1S
&8 R
<8 EE
) EXS
§2 58
il g_‘a‘
it} 2
I W
: "2
a <

&y elpeUI=apoo ;e Lo

A

)\ h Col 50/ b/ (rgbl m{k)co! @
BAM-test chart ZE62; Colorimetric systems, Page 50/60 input: rgb / cmy0 set(rgh/c or _:l

g/_j D650: 9and 16 step oclgur scales for 10 hues output: —>CM; setemykcolor Y \a

i T £
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9- and 16-step colour scales of device colour Orange red O

N

©

291
38S

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

ORSL8; adapted (a) CIELAB data
L*=L*s a*a b2 Craa

5174 6016 4648 76.02

944 8441 8494

578 3216 6615

2791 -41.41 49.95

2861 -40.85 49.88

-769 69.68

00 00

41 0. 00 00

% Gamut 36 5397 2482 594

U* 4 = 85 39 199 6234 6237

. : 87 1082 40.36

% Regularity Bar 35 . 243.09 4311
g’kH,relzs7

O*cre =59

i*=075 /V

brilliantness i*

0,75 1,00

relative chroma c*

Page 11/60

22/25

lab*tch and lab*nch
D65: hue O

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

triangle lightness t*

B — e

0,00

ZE820—7N, 16 step scales for constant CIELAB hue 38/360 = 0.10
input: rgb / cmyO set(rghb/cmyk)col or

waw.psbam.de/ZE82L/10L/L82EOON P.POS/.PDF, Page 11/66; ORSI1S; transferMand output
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

% Gamut
u* 4 =85

% Regularity
O*Hra =57
O*cre =59

0,40

a*, C*aa

0,60

63.09 . 69.44
56.6 . 74.48
35.67 . 69.65
15.98 . 72.34
-2.58 . 80.71
-17.23 75. 77.92

-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*

5 iriihti
-8

SWISAS Jo1iuowi Jo Jejulid JO UsWsInsSeaw pue uoieneAs o) uoiedijdde

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

EleyI=opoo ‘elLekrw Nvd

ZE820-7N, 9 step scales for constant CIELAB hue 38/360 = 0.105 (Ieft)
-g: BAM-test chart ZE82; Colorimetric systems, Page 11/60
5 D65: 9 and 16 step colour scales for 10 hues
C M Y

output: —>cmyn5* setcmykcol or
[e] L

-6




K. Richter: Perceived and Device Black and White in Image Technology 23/25

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

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

Input: Colorimetric Offset Reflective System ORS18

c for hue h* = lab*h = 38/360 = 0.105 (ORS18, adapted (a) SELA%’(}S“! [ DRSQJLQUSP‘Sd @ glELAB data
oy “

LG L S ST n a0 e o

D65: hue O .77 -9.44

LCH*Ma: 52 76 38

olv*Ma: 1.0 0.0 0.0

‘ { -:Iwﬁw.psma'ZEsﬁlou_LszEOONP.F?sl.PD_F,Pagesueb; ORSIE, ransfer and output

b0 WVE%

N
l

trianglelightness t* .41 0. X X

M %Gamut %6 53. 82 50, % Gamut

Ut =85 39 199 6234 62 =85
%Regularity g %Regularity
Qe =57

gcra =59

Boe

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

Z uosRBA  apweqsdmmmw//d:

WLH3ZRp weq'sd mwn :/z837/p"weq sd mmw/
40d’/Sd'dN0032871/710T/283Z-T00TL00Z Uoels|

T'T=01'T

SWweISAS Jojjuow Jo Jeuind JO JUSLUBINSESL pue Uolen eAs Joj uoieal|dde

i*=075
/' brilliantnessi*

. . i*=0,60
brilliantnessi*

075 1,00 X ¥ X 0,80 1,00

elrRYI=9p00 :RLRW NYE

relative chroma c* o relative chroma c*

ZE820-7N, 9 step scales for constant CIELAB hue 38/360 = 0. (left) Page 51/60 ZE820-7N, 16 step scales for constant CIELAB hue 38/360 = 0.105 (right)
-’:leAM-m chart ZE82; Colorimelric systems Pge 5160 Input-1gh  omy0 se(rgblcmykjcolor h:l
DGSC: 9 and 16 step col’?ur scales for 10 hlvm . output: —>crwn5L* et color

=
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Summary

- Device dependent and elementary colour systems.
- Model for perceived black and white

- Equations rgb* <-> LCH* for linearized devices.

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

- Output with high material efficiency (grey is printed
oy only black and not with chromatic colorants)
pased on an improved separation technology.

- Relative Elementary Colour System RECS available
as analog and digital colour atlas. Serves as
reference for input and output in image technology
for copiers, scanners, cameras, printers, monitors.
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