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Overview

« Eight basic colours, colour hexagon, douple cone
- Linear relationships between colour coordinates
- 16 step output equally spaced in relative CIELAB
* the Natural Colour Connection Space (NCCS)

 Properties of the NCCS:
for display output of 8 display reflections

for output of elementary colours RJGB.
for Device Link Colour Management (DLCM)

for the reproduction of hue, relative chroma and
relative CIELAB differences (optimal recognition)

Summary
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Colour Hexagon

CMYOLV

hexagon -

three basic colors three mixed colo

E8370-1Z
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Elementary Colour Circle and Hexagon in CIELAB

hues iIn CIELAB

B
\

4 unique hues

DINWSO04/E8370-22
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Standards and Technical Reports

<

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
i : ardcopy |Printer ISO/IEC TR 24705
digital |analog [ISO/IEC-test chart (file) @oftcopy Monitor ISO/IEC TR 24705
Input |Output |[Input and output media and applications Standard
| nput media Output media |Application
- - - - Basis DIN 33866-1
analog |analog |DIN-test chart (hardcopy) Hardcopy Copier DIN 33866-2
analog |digital |DIN-test chart (hardcopy) File Scanner DIN 33866-4
. : ardcopy Printer DIN 33866-3
digital |analog |DIN-test chart (file) ftcopy M onitor DIN 33866-5

DINWSO4/T1TADIN.PS
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Linear relationship of colour coordinatesn

CMYOLV

hexagon ﬁ

Absolute
Space

LAB*=
CIELAB ;E

CMYOLV
hexagon

rintingORS18a  *57%° 5747
olour names of

SO/IEC 15775

hreebasic colorsCMY or OLV
reeixed colorsOLV or CMY

O“quirt L?Ini[g(??sser\]tlign tOhIF\e/e basic colors three mixed colors
CIELAB colour data
of 8 basic colours

Y W
for the device system
ORS18a
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CMYOLV
hexagon

CMYOLV
hexagon

Output Linearisation
linear relationship

DINWS04/E6190-10, k=0

Relative

Space
lab* g
PaN

rinting ORS18a  ae*=3s7 | 4E*=4.99
olour names of

SO/IEC 15775

hreebasic colorsCMY or OLV
reeixed colorsOLV or CMY

CMY _ .
three basic colors three mixed colors
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Corresponding colour coordinates

<

5 stepsof grey series
black - white (N - W)

Colour space, colour space coordinates and PostScript oper ator
calculations according to | SO/IEC 15775:1999-12

Linear mixture between

black and white

in CIELAB colour space

L* CIE
w* = [*
setgray

CMYN (CMYK)
000n*
setcmykcolor

CMYN (CMYK)
cmyO*
setcmykcolor

OLV (RGB)
WWW*
setrgbcolor

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

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

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

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

0,00 0,00 0,00 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

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

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

DINWS04/DESERCWO.PS

Colour space, colour space coordinates and PostScript operator

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

calculations according to | SO/IEC 15775:1999-12

Linear mixture between
cyan blue and white
in CIELAB colour space

CIELAB
LAB* (absolute)
LAB* setcolor

CMYN (CMYK)
cmyO* (relative)
cmyO* setcmykcolor

OLV (RGB)
olv* (relative)
olv* setrgbcolor

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

0,50 C + 0,50 W
0,25C+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

DINWS04/DESERCW1.PS
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relationship of display and printer colour coordinates

CMYOLV
hexagon

Absolute
Space
LAB*=
CIELAB

Television TL SO0

colour names of

| SO/IEC 15775

threebasiccolorsOLV or CMY  AE=768
hree mixed colorsCMY or OLV

INWS04/E8370-141, p=0

CMYOLV
hexagon

Absolute
Space

WA=
CIELAB FE

Printing ORS18a %835 47
colour names of

| SO/IEC 15775

threebasic colorsCMY or OLV
reeixed colorsOLV or CMY

linear relationship
Output Linearisation

CIEL AB colour data
of 8 basic colours

Y W
for the device systems
TL SO0 and ORS18a

Output Linearisation
linear relationship

CMYOLV
hexagon

oLV _ _ CM
three basic colors three mixed colors

CMYOLV
hexagon

_ oLV
three mixed colors

CMY _
three basic colors
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Mate surface colours with reflection Yr=4.0

R(MA) reflection factor R(A) reflection factor
107 107
0,8t 0,8t
0,6t 0,61
041 041
0,2t J 024
0,0 + : : : 0,0 + : ‘ : :
400 500 60 700 400 500 60 700
wavelength A/nm wavelength A/nm

TR24705/E8141-7N TR24705/E8150-1N

R(A) reflection factor R(A) reflection factor .

10+ 10+ yellow J

0,8t 081
0,6t 0,61
041 041
02+t 024
00360 500 600 700 00200 500 600 700
wavelength A/nm wavelength A/nm

TR24705/E8141-8N TR24705/E8141-6N
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relationship of display reflection colour coordinate in a*b*-planes

CMYOLV
hexagon 2E=49

Absolute
Space
LAB*=
CIELAB

Television TL SO0

colour names of

ISO/IEC 15775

three basiccolorsOLV or CMY 4E'=768

CMYOLV
hexagon

Absolute
Space
LAB*=
CIELAB

Television TLS18

colour names of

|SO/IEC 15775 AE R
three basic colorsOLV or CMY

CMYOLV
hexagon

Absolute 'ﬁ
Space

LAB*= Ve
CIELAB AN

Television TL S52
colour names of
1SO/IEC 15775
three basic colorsOLV or CMY
three ixed colorsCMY or OLV

DINWSD4/EB370-141, p=6

AE*=4.11

linear relationship
Output Linearisation

CIEL AB colour data
of 8 basic colours

Y W
for the device systems
TLS00, TLS18, TLS52
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relationship of display reflection colour coordinates in L*C*-plane

CMYOLV
complementary
hueplanes =2

CMYOLV
hexagon

colour names of
1SO/IEC 15775

Relative colour gamut gre|=[95.41* 148.5] /[95.41 * 148.5]= 1.0
DINWS04/B3111-11

CMYOLV
complementary
hueplanes ==

linear relationship

oLV . )
Output Linearisation threebasic colors __three mixed color

DINWSD4/E6190-11

CIELAB colour data
of 8 basic colours

Y W
for the device systems
TLSO00, TLS18, TL S52

colour names of
| SO/IEC 15775

Juonejal snuiw T,
diysuoirep . feaul|

Grey sample difference = AL*=5.16 Luminance contrast Yy / Yn = 35.56
Ligthnessrange L*w - L*n=95.41-18.01=77.4

Chromarange C*o + C*c = 87.29 + 46.32 = 133.6

Relative colour gamut grel=[77.4* 133.6] /[95.41 * 148.5]= 0.73
DINWS04/B3111-41

CMYOLV
complementary
hueplanes ===

CMYOLV
hexagon

DINWS04/E6190-10, k=3

colour names of
| SO/IEC 15775

Grey sample difference = AL*=3.83 Luminance contrast Yw / Yo = 8.89
Ligthnessrange L* - L*n =95.41 - 37.99 = 57.42

Chromarange C*o + C*c = 66.51 + 41.17 = 107.68

Relative colour gamut grel=[57.42 * 107.68] / [95.41 * 148.5]= 0.44
DINWS04/B3111-61

CMY . {
three basic colors three mixed colors

DINWSD4/E6190-12
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Color Order Systems and Information Technology

Design, architecture, art, industrial products
Measured for CIE standard illuminant D65

colour order system: name and coor dinates

RAL Design System (CIELAB):
LCH*, lightness, chroma, hue

Munsell Colour System:
VCH?*, lightness (Value), Chroma, Hue

Natural Colour System (NCS):

Ich*: relative lightness, chromaticness, hue

nce*: blackness, chromaticness, elementary hue

Application of colour in daily lifeor in Information Technology (IT):

| nfor mation technology of printers
Measured for CIE " other" illuminant D50

Device system name and coor dinates;

Printer system (illuminant D50):

cmy, content of "cyan", "magenta’, "yellow"

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

IT colour coordinates confuse the users!

nce*: blackness, chromaticness, elementary hue § Nearly no connection to colour order syster

New: Application connection by coordinates olv*, cmy*, tce*, ...und linear relation to LAB*
CIELAB: LAB* : lightness, red—green and jellow—blue chroma; LCH* : lightness, chroma, hue
Definition of device coordinates similar to coordinates of colour order systems

tch*, tce*: triangle lightness, chromaticness, hue or elementary hue

NS

LE430-3, Application connection with coordinates olv*, cmy*, tch*, tce*, nce*, ..and linear relationship to LAB*
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Relative Equidistant Colour Input and Output of16 steps Colour series

W default color space
color space planes:

W default color space
color space planes:

40 80 CEI ELAB

chroma C*, ——>
BEQ90-2N, lightness L*, chroma C*y, of O1

QI ERLOORROORHODD.

es®" -
chromaticness c*, —>
BEO90-5N, lightness I*, chromaticness c*

W default color space
color space planes:

 §

0,5 1,0

chromaticness c*y, —>
BEO90—-4N, lightness t*, chromaticness c*

W default color space

W default color space
color space planes:

color space planes:

|

@@-U-o-m-)-@-m-\l-m-m-b-w-m-a
=

0,5 1,0
chromaticness c*, —>
BEQ90-3N, lightness I*, chromaticness c* BEQ90-6N, lightness L*, chroma C* g, of O2

2
[
S
[l
4
L)
5
n
6
n
7
N
8
n
9
n
A
L]
B
[
C
x
D

chroma C*, —>
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Hue circle and hue planes

G O\
~N

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

c O\ -0
\ I /

PR TV PR TV

C:g53b g21b N O:r10j rl14j

LE410-4, Double cone: Hue planes O and C

huecircles

B O\ '
N

PR TV PR TV
B:b0Or b0Or N J:jOOg jOOg
LE410-8, Double cone: Hue planes Jand B

4 and 6 colours
LE410-3, 4 and 6 coloursin hue circle

~
VAR '
~N

PR TV PR TV
V:bl5r blér N VY:j02g jllg
LE410-5, Double cone: Hue planesY and V

MO -

\ I /
PR TV PR TV
M:b63r b38r N L:j73g j54g
LE410-6, Double cone: Hue planesL and M

Colour order systems are based on a douple cone with a circular
basis (Ostwald, NCS). The Natural Colour System (NCS) uses three
coordinates “elementary hue, blackness and chromaticness”
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Natural Colour Connection Space (NCCS) between input and output

| nput:

device dependent
colorimetric data
olv*, cmy*, lab*, Ich*
tab*, tch*, trj*, e.g.
cmyO* setcmykcolor

Y

|nput referred
device dependent
XYZ/LAB*/LCH*
colour coordinates
CMYOLVNWinput

douple cone
Natural Colour
Connection Space
tab* or tch*

of CIELAB

Output referred
device dependent
XYZ/LAB*/LCH*
colour coordinates
CMYOLVNW gutput

v
Output:
device dependent
colorimetric data
olv*, cmy*, lab*, Ich*
tab*, tch*, trj*, eg.
cmyO* setcmykcolor

LE450-7, Transfer from device dependent cmyO0*data; output via NCCS with new cmyO*
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CIELAB cameras and CIELAB scanners for colour measurement

CIELAB camera Digital (a)chromatic Digital (a)chromatic
CIELAB scanner camera/scanner output o(I:\I/ELcAr\n B ,EO camera/scanner output
or | filewith CIELAB MRl 4 file with standard
xy-CIELAB pixel coordinates pixel coordinates
colour measurement LAB* or lab* olv*, cmy*or tch*
N : _ N\ : _
| mage comparison: | mage comparison:
multi (Digital images) (Digital images)
spectral CIELAB (LAB*, lab?*) olv*, cmy*, tch*
technique colorimetric colorimetric
specification specification
V V
Analog (a)chromatic Digital (a)chromatic Digital (a)chromatic
DIN-test charts pl N-t.est chart CIELAB to I?I N-t.&st chart
LAB* or lab* filewith CIELAB olv*, cmy* file with standard
cmy*or cmyO* pixel coordinates Transfer pixel coordinates
olv* or tch* LAB* or lab* olv*, cmy*or tch*

LE430-7, Transfer from device independent data LAB* to device dependent data olv*, cmy* and tch*
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Natural Colour Connection Space (NCCS) for CIELAB input and output data)

input: Outpuit:

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

device Input referred douple cone Output referred device
device dependent Natural Colour) |device dependent independent
XYZ/LAB*/LCH* Connection Spacel>{ XYZ/LAB*/LCH* colorimetric data
- tab* or tch* :
colour coordinates colour coordinates
of CIELAB CMYOLVNWinpu of CIELAB CMY OLVNW ot of CIELAB
input: output:
device dependent device dependent
colorimetric data colorimetric data
sRGB, Adobe RGB, sRGB, Adobe RGB,
RIMM/ROMM RGB RIMM/ROMM RGB

LE450-3, Transfer to device independent LAB*/LCH* data; output viathe Natural Colour Connection Space tab*/tch*

hue circles huesin CIELAB

B

V

4 and 6 colours 6 basic colours

LE410-3, 4 and 6 coloursin huecircle

C:0g53b g21b N O:rl10 rl4j
LE410-4, Double cone: Hue planesO and C

4 elementary hues
LE410-2, Elementary hues RJGBin CIELAB



International Symposium Office Equipment, 2004, Nov. 11, Seoul ><

Elementary hue circle RIGB (simple) and 16 step series White - Chromatic
- A O © R Y M
-: www.ps.bam.de/L E85/10L/L85EO00NP.PS/.PDF; start output -_
@ N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)

A B C D E F G H I J K L M N @) P Q OLV*0->1;X:0->0.5

c ;»_h(VB’ olv*: 1->0; x: 1->0.5 2%
Sg |01 R’ O: 100, row OOv* §§
%.m. 28
S2 02 g Y:110, row 1L0* | 3@
= o8
o= 33

| 9 (03 G’ L:010, row 010 % o |
Qz £
= S
Z2 |04 g V:001, rowolv: | 32
Eg 39
g'b 05 g’ O:100, row 1lv* ;’*@
iz + 4+ + +++F E

Y g% 06 RJ’ (1,0.5,0), row 1xy* § 8 o
°5 + o+ + 25
®m 07 J» Y: 110, row 11v* & m
< + A+ 55
@I 08 JG’ (0.5,1,0), row x1y* %_%

o

|52 ++ + + + + + 3¢
o3 |09 G’ L:010, row olv* % o
: + o+t :
= 10 —|— _|_ _|_ —|— —|— _|_ GB’ (0,0.5,0.5), row oxx* e g

<
11 g’ V.001, row 0/1* 3
| + 4+ + + + + :
12 BR’ (0.5,1,0.5), row xlx*| &
g
13 w W:111, row OLV* i
>
i
14 N N:O, roww* o
N ) ) I I c
16 equidistant CIELAB stepsin cmy0*(ORS18jor colour seriesB-R, R-J, J-G, G-B, W-R, W-RJ, W-J, W-JG, W-G, W-GB, W-B, W-BR, W-R, W-N, Nni\14 CIE-test colours (left)
-: Test chart LES5: Elementary colours RJGB’(prime)  input,0RS18: olv* setrgbcolor
3 Hue circle and white — chromatic, CIE—test colours output,0RS18: no change compared to inpu 3
-6 C M Y 6] L V -6
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Equally sp

aced CIE coordinatesof displays, four display reflections

v L o - Y N
www.ps.bam.de/ CE68/10L /L 68ECOFP.PS.PDF; linearized output
F: Output Linearization (OL) data CE68/10L/L68EOOFP.DAT in File (F)

L*/Yintended 0.0/0.0  6.4/0.7 12.7/15 19.1/28 254/46 31.8/7.0 382/10.2 44.5/142 509/19.2 57.2/252 63.6/32.3 70.0/40.7 76.3/50.4 82.7/61.6 89.0/74.3 95.4/88.6

©
H

UAIMA

- _

No. and
Hex code

0'G:9'88

=<
— E (absolute) w
c
2 2 252
T g e
Sv o No. and > =8
=1 Hex code 9 @
D= O = & =5
o -- CIELAB, r i 91 2
S o O [(EEDN 'h o
~E=ESY  Winiended 00 0067 0133 02 0267 0333 ) ) . 0.733 ) 0.867 . . =83
%8 Y: / Yimax 0.0 0.008 0.017 0.031 0.051 0.079 | b | 0.459 L 0.695 Py EI\)
M % = Picture C3: 16 visual equidistant L*-grey steps; PS operator: w* setgray g o
% L*/Yintended 11.0/1.3 16.6/2.2 22.2/36 27.9/54 335/7.8 39.1/10.7 44.8/144 50.4/18.7 56.0/23.9 61.6/30.0 67.3/37.0 72.9/45.0 78.5/54.1 89.8/75.8 95.4/88.6 mg
& g (absolute) O P
=< 2.2
> 1
| B0
s m
z® No. and 25
L3 Hex code 9 S
% A =[x =0
v = CIELAB, r '8 = o
o w (relative)’r = I>
Q@. Winput.eq 0.0 0.089 0.178 0.254 0.323 0.388 0.452 . . 0.698 0.759 0.819 0.879 S o
(@) Y: / ¥max 0.0 0.011 0.027 0.048 0.075 0.109 0.15 0.2 . 329 0.409 0.501 0.605 0.723 = 0
g Picture C3: 16 visua equidistant L*-grey steps; PS operator: w* setgray gg
® L*/Yintended 26.8/50 31.4/6.8 36.0/9.0 40.6/11.6 45.1/14.6 49.7/18.2 54.3/22.2 58.8/26.9 63.4/32.1 68.0/38.0 72.6/445 77.1/51.7 81.7/59.7 86.3/68.5 90.8/78.1 95.4/88.6 ﬁ T
—.0
>0
o
83
2T
2
«Q
[0}

0l ‘0C UOSIA  THzePp weqsd mmw//dy

Q¢S 17'G6 =UxTMy] 89C:1¥'G6 =UxT:MyT OTT - 7'G6 =Ux1:MyT]

*—|*
| _|CIELAB,r w
(relative)'r >
Winputeq 0.0 0.154 0.253 0.332 0.4 0.462 0.521 0.577 0.633 0.687 0.741 | ] 948 1.0
1l Y: / ¥max 0.0 0.021 0.047 0.078 0.115 0.157 0.206 0.261 0.324 0.394 0.472 0.76 <
-i': Picture C3: 16 visua equidistant L*-grey steps; PS operator: w* setgray 3
X b g L*/Yintended 52.0/20.2 54.9/22.8 57.8/25.8 60.7/28.9 63.6/32.3 66.5/36.0 69.4/39.9 72.3/44.1 75.2/485 78.1/53.3 80.9/58.4 86.7/69.5 89.6/75.5 92.5/81.9 95.4/83.6 % b
ﬁ § (absolute) i
§ I o
0 ]
N [e's) o
- bad NO. and @
= (o))
=N Rl Hex code =
N D
R | O LASEE %
© N (relati\‘lls)k »
input.eq 0.0 0.226 0.338 0.419 0.487 .547 0.603 0.654 0.702 0.748 0.793 0.836 0.878 0.92 0.959 1.0 c
gé Y: / ¥max 0.0 0.039 0.082 0.128 0.177 L b 0.349 0.415 0.484 0.558 0.637 0.72 0.809 0.902 1.0

cture C3: 16 visua equidistant L*-grey steps; PS operator: w* setgray . .
-i |SO 9241-test chart for four different contrast ranges input: w* setgray _ t
Ergonomics — Visual Displays — Field Assessment Methods  output: no change compared to input
M - Y - o L \Y

&l

%
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Reproduction properties of the Achromatic Test Chart Output

Test of 16 visual equidistant L*grey steps acc. to picture A3

Are the steps on the upper row distinguishable?
If No: How many steps can be distinguished?

Test of the Landolt-rings N-W acc. to picture A4
Is the recognition frequency of the Landolt-rings > 50% (5 of 8 at least)?

Test of the line screen under 45° acc. to picture A5
Can equally spaced lines be seen?
Visual testing: for radial diameter from 15 to 60 Ipi
Test with a magnifying glass (e.g. 6x):

of the given 16 steps:

<

background — ring

0-1
/-8
E-F
2-0
8—-6
F-D

- from 15 Ipi:

Yes/No

Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No

Yes/No
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ISO/IEC-test chart no. 1, no display reflection (Yr=0)
-8

Radial grating (Siemens-star) N-W Radial grating (Siemens-star) W-N Landolt-rings W-N

Picture C4: Landolt-rings W-N; PS operator: w* setgray

code: background-ring

-6
-:—Mw.psbm.ddCEeé/10L/L65EOOFP.P°S/.PD—F; Mnearized outplt - -_ -
@ F: Output Linearization (OL) data CE65/10L/L65E00FP.DAT in File (F) m
background stef® 1 ring step 01 w
o = \\\‘ ',,/ Hex code Hex code w
g; %’ \ // 7 7-8 >
53 Nz : e <
Q p— e D
o Q. —— N~ 2 2:0
I
3= 7/, 1IN 8 86
% g // 11 “\\ F F-D
=3
Sz
I6

\\\///

/2

Wz

00 ) e
e w0

//

/
/7

\
\\

m dX 0T ‘ZAX3ID ‘T'T=01'0'Z UOSIBA  TirzePp weqsd //
;

/

'%"III/VVVVV
o ... ... _
2277777777

Radial grating (Siemens-star) N-Z Radial grating (Siemens-star) W-Z lineraster diameter in Ipi
Picture C1: Radia gratings (Siemens-stars) N-W, W-N, N-Z and W-Z; PS operator: w* setgray Picture C5: Line raster under 45° (or 135°); PS operator: w* setgray

L*/Yintended 0.0/0.0 23.9/41 47.7/16.6 71.6/43.0 95.4/88.6 No(min.) Wi(max.)

120|128 |136 144|152 {160 |168 |176 [184 |192 | 200 (208 | 216 | 224 | 232 {240
(absolute) 50
(+8) 240
60
(+4) 120

7

\

S
2N

ZINS
7N

/G930 PP Weq'sd Mmmy/

No. and 0
Hex code (+2) 60
W*=IE|ELAB, r (]_;?) 30
(relative
W)Tntended 00 0.248 0.498 0.749 1.0 No(min.) Wi (max.) 15|116|17|18|19|20| 21| 22|23 |24 ‘ 25|126|27]28|29]|30
Y / ¥max 0.0 0.046 0.187 0.485 1.0 lineraster diameter in Ipi

Picture C2: 5 visual equidistant L*-grey steps+ NO + WL; PS operator: w* setgray Picture C6: Line raster under 90° (or 0°); PS operator: w* setgray
L*/Yintended 0.0/0.0 6.4/0.7 12.7/15 19.1/28 254/46 31.8/7.0 38.2/10.2 44.5/142 50.9/19.2 57.2/25.2 63.6/32.3 70.0/40.7 76.3/50.4 82.7/61.6 89.0/74.3 95.4/88.6

- _
No. and
0.667 0.733 0.8

Hex code
1.
1

*—|*
v _ICIELAB. r
(relative)k
0.533 0. 0
0) .0

Wintended 0.0 (0X0/574 0.133 0.2 0.267 b l 0.467 \ .6 b } ) 0.867 0.933
0.008 0.017 0.031 0.051 I b ] 0.216 .284 0.365 0.459 0.569 0.695 0.838

Yi / ¥max 0.0

N2

4dd’/Sd'd40035971/70T/593D-TOTOY00Z Uoe.isife
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Picture C3: 16 visual equidistant L*-grey steps; PS operator: w* setgray .
-i | SO 9241-test chart for contrast range Yw:Yn = 88.6 : 0.0 input: w* setgray _ t
3 Ergonomics — Visual Displays — Field Assessment Methods  output: no change compared to input 3
M Y o L \Y -6
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ISO/IEC-test chart no. 1, display reflection (Yr=20)
N \Y

7 AL AT

O 10-20-30 %%%%%%%%%%

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

Y o - Y - M C
www.ps.bam.de/ CE65/10L /L 65E60FP.PS/.PDF; linearized output -
F: Output Linearization (OL) data CE65/10L/L65E6OFP.DAT in File (F)
background ste® 1 ring step 01
X cod x cod
A gg‘/B) Hex code . Hex code 78
= 00000600
3 %- 2 0 2-0
2=
o2 8 6 8-6
3= F D F-D
%’. 8 L andolt-rings W-N code: background-ring
M g :T Picture C4: Landolt-rings W-N; PS operator: w* setgray

T
700 B

_ 1
2 -

-k
DA A0,

Picture C1: Radia gratings (Siemens-stars) N-W, W-N, N-Z and W-Z; PS operator: w* setgray Picture C5: Lineraster under 45° (or 135°); PS operator: w* setgray

/sgao/apweqsd'MMM//:gl

00;4 01;3 02,2 03:1 04;0 30

01‘0°ZUOSBA  TizeRp wedsd mmm//dn

lineraster diameter in Ipi

120128136 (144 {152 |160 168|176 |184 |192 {200 [208 | 216 | 224 | 232 |240
120
(+8)
60
(+4) 120

240

60
30

15/16117(18|19|20|21|22[23(24|25]|26|27|28|29]30

Picture C2: 5 visua equidistant L*-grey steps+ NO + WL; PS operator: w* setgray Picture C6: Line raster under 90° (or 0°); PS operator: w* setgray

00;F 0LE 02;D 03;C 04,8 05;A 06;9 07;8 08;7 09;6 10;5 11;4 12;3 13;

2 14,1 15;0

m dxe 0T ‘ZAX3ID ‘T'T

Picture C3: 16 visual equidistant L*-grey steps; PS operator: w* setgray
- ISO 9241-test chart for contrast range Yw:Yn = 88.6 . 20.2 input: w* setgray .
= Erg?nom| cs— Visual Iﬁ|spl ays — Field A%sessment M ethodso output: no charnge compared to |nPut
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Chromatic ISO/IEC-Test Chart

963Q-TOTOZ00Z ‘6'T UosoAS|1}afew |  ap weq'sd mmm//:dny :epiO Pue UoIeWOoU|

WWW.ps.bam de/DE96/10L /L 96E0
N: No Output Linearization (OL) datain File

(6] Y
2NP.PS/.PDF; start output and no OL
, Startup (S) or Device (D)

o|1|2|3|4|5

Picture B4: 16 equidistant steps W-C, W-M, W-Yand W-N; PS operator cmy0* / 000n* setcmykcolor

+. QOO0 Ir_r_moCOC pars ggg mggg
vz 000 UK 8ES  mfooo P
tUVWOOO | - e €00
labc OO O ; 000 Xz 900
pars © O @ +. 000 o 050 s 200,
Imno © © O Xz, GO0 uwlg 908
hijk ccoO tuww O © O 6 NCMY
pars DO O
defg 000 8 NCMY
ladbc DD O
10 NCMY

Picture B5: Script and Landolt-rings N, M, Cand Y; Use of PS operator cmy0* / 000n* setcmykcol or

/ Olo 20

Radial gratingW-C Radial gratingW-M Radial gratingW-Y Radial gratingW-N Radial grating W-Z

0-1 0-1

7-8 7-8
2-0 2-0

8-6 8

-6
F-D
Landolt-rings W-C Code Landolt-rings W-M Code

Picture B2: Radial gratings W-C, W-M, W-Y, W-Nand W-Z; PS operator cmy0* / 000n* setcmykcol or

Picture B3: 14 CIE-test colours and 2 + 16 grey steps; Use of PS operator cmy0* / 000n* setcmykcol or
Fig. B1to B7 of ISO/IEC-test chart 2

Picture B6: Landolt-rings W-C and W-M; Use of PS operator cmy0* / 000n* setcmykcolor

0-2

6-8

D-F

40

9-5

F-B

L andolt-rings W-Y Code L andolt-rings W-N Code

Picture B7: Landolt-rings W-Y and W-N; Use of PS operator cmyO* / 000n* setcrmykcol or
. ISO/IEC 15775and  input: different, see figure text i_
' DISISO/IEC 19839-X; output: different, see figure text
Y (6] L V
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16 step colour series defined in cmyn* and olv* (no MTL code used)

V2 S © H M C 8
www.ps.bam.de/L E98/10L/L 9BEOONP.PS .PDF; start output -_
N: No Output Linearization (OL) datain File (F), Startup (S) or Device (D)
> A B C D E F G H | J K L M N O P Q used coordinate
° 28 surround center 2%
o m r °
=) R cIYO* OOv* - <
%- @ 5@.
s % J  OMI10*  1i0* -4
Q=
% = 1 * * = g
| 3 B G Co10 010 g o |
(@)
=Y S
=4 g IMyo* OV % S
Tz o
g g R OMYO* Iiv* S
- + i
oo 2.2
i %% S5 RJ OXYO* 1xy* fo:E o
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o c|g —|_|_r =X o3
®m Jg oovyor 1iv* A m
© 4L o
<& + se
a.m i X0Y0*  xly* 23
‘g' © J L J L JG 4 Q a
5c H EL
o N :_E| A . . 530 v
oZ i 8 G COYO* olv g _IU_I
5 o
3 i o g
S b | GB CXX0 oxX o g
H ~
5 Ot z
Y B CMO0O* ol1* =
J J L g_
L + + o}
BR XMX*  xIx* 2
8
Q.
w cmyo* OLV* ‘ﬁ
=
L
J L 4 L J, L J, L g . N OO0ON*  w* QO
I e e e c
16 equidistant CIELAB steps in cmy0* (ORSL18) for colour series B-R, R-J, J- G, G-B, W-R, W-RJ, W-J, W-JG, W-G, W-GB, W-B, W-BR, W-R, W-N, N-W and 14 CIE-test colours (left)
-: Test chart LE98: Elementary colours RIGB (professioneiyput,0RS18: cmy0* /olv* set(cmyk/rgb)color t
3 Hue circle and white — chromatic, CIE—test colours output,0RS18: no change compared to input 3
-6 C M Y 6] L \Y -6
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16 step colour series defined in CWB%M(H@L@@WTLLQBE@@:RPS/.PDF; linearized output
|| .

@ F: Output Linearization (OL) data LE98/10L/L98EQOFP.DAT in File (F) __I@
>~ C D E F G H I J K L M N O P Q  usedcoordinate
c ;hgé’ surround center 2%
Sz |01 c1Y0*  OOv* 2=
2, g
6. g. o"g-
S= |02 OM10*  110* -4
32 o8
=g 03 Cc010* 010* =
M Q. Tt g N
o
R S8
Z2 |04 IMy0*  OIV* 23
o= 29
= g =
g £ 05 OMYO*  1iv* >0
SO S &
v 28 06 OXY0*  Ixy* 59
o Yy o
-g 25
om |07 00Y0*  11v* m
& °F
2m |08 XOY0*  x1y* 33
o8 B
T X
o N =
o 2 09 CoYo* olv* z >
)i 2
2 10 CXX0*  oxx* ] ®
H ~—t+
o Z
S 11 CMO00*  ol1* 3
2
| 8 2
o 12 XMX*  xIx* L
9 8
wn o
o 13 w cmy0o*  OLV* il
m £
; 14 J L J | L 4 | L J N OOON* W* S
it el Ml Ml B
16 equidistant CIELAB steps in cmy0* (ORS18) for colour series B-R, R-J, J-G, G-B, W-R, W-RJ, W-J, W-JG, W-G, W-GB, W-B, W-BR, W-R, W-N, N-W and 14 CIE-test colours (l&ft)
-_IT&ct chart LE98: Elementary colours RIGB (professioneiyiput,0rRs18: cmy0* /olv* set(cmyk/rgb)color -_|
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16 step colggur series defined in cmyn* and LAB* using the MTL code)c
N V L (6] Y
www.ps.bam.de/L E99/10L /L 99EOOFP.PS/.PDF; linearized output -_
F: Output Linearization (OL) data LE99/10L/L99EOOFP.DAT in File (F)

c b E F G H I J K L M N O P Q used coordinate

surround center
c1Y0* LAB¥Rrsis

fo) Nve

OM10*  LAB¥grgis
C010*  LAB¥ggis

IMy0*  LAB¥grs1s

OMYO0*  LABYgrsis

0XY0*  LAB¥grgis

1A) JoliuowW Jo JusWiInseswl Joj uoiredi|dde
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00Y0*  LABgsig )
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XOY0*  LAB¥gsis| 3
o
° COY0*  LABE 20 "
ORS18 @
2
CXX0* LAB¥Rrsis E ®
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CMO0*  LABtrsia 3
L 2
XMX*  LABhrsis| £
g
w cmy0* LAB¥rgis| R
>
j 000N*  LABX 5
LJ_I_LJ_I_LJ_I_L_I_I_L_I_I_LJ N ORS18 g’c
16 equidistant CIELAB stepsin cmy0* (ORS18) for colour series B-R, R-J, J-G, G-B, W-R, W-RJ, W-J, W-JG, W-G, W-GB, W-B, W-BR, W-R, W-N, N-W and 14 CIE-test colours (l&ft)
-: Test chart LE99: Elementary colours RIGB (professioneiyput,0rRS18: cmy0* setcmyk.../LAB* setcolor t
< Hue circle and white — chromatic, CIE-test colours output,0rRs18: cmy0* / 000n* setcmykcolor 3
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Alternatlve colorlmetrlc colour coordlnates of elementary hue colous
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:UOITeWIOJul [eo1uyds |
1Y S3|1} Je|IuS J0) 39S

T‘T=01 ‘T'Z UOSIA ap'UJBQ'Sd'MMM//ZdnH
/063 71/PP"Weq 'sd" Mmw//:d)

WWW ps.bam.de/L E90/10L/L 90EOONP. PS/ PDF; start output

___

Elementary and intermediate colours (8 colours) and grey; Device independent colour coordinates LAB* asinput; all 8 defined in_LAB*
-: BAM -test chart no. LE9O; Reference: Miescher coloursRIGB  input: olv* setrgbcolor _ t
Elementary and intermediate colours (8 colours) and grey output; no change compared to input
M Y [0] L V

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

Inform. Techn. (IT) relative: Inform. Techn éITg relative: Inform. Techn éITg relative:
olv¢  0.176 0.998 0.023 olv* 0.044 olv  0.999 .027
cmy* 0.824 0.002 0.977 cmy* 0 0 0.05 0.956 cmy* 0.001 0.633 0.973

CI ELAB absolute: CI ELAB absolute: CIELAB absolute:
5792 -53.48 45.05 88.46 -6.86 899 LAB* 636 3746 6574
LCH* 57.92 6831 141.18 LCH* 88.46 8582 94.02 LCH* 636 736 .

CIELAB relative; CIELAB relative; CIELAB relatlve
tap* 0. -0.759 0.612 tap* 0522 -0.066 0.953 0513 0.

0976 0.392 tch* 0522 0956 0.261 0513 0.972

0.002 0023 0516 nwi* 0.0 0.044 0091 nwi* 0.001 0.027

Natural Colour (Ncg relative: Natural Colour (NCJ relative: Natural Colour (NC6) relative:
0.51 0.558 trji* 0522 0.009 0.956 0.513 0.624
. 0976 0.403 tce* 0522 0.956 0.248 0513 0972 0.111
nce* 0.002 0.976 j6lg ncer 0.0 0.956 r99j nce* 0.001 0972 r44

_ (7
Bos Wva &J/

Inform. Techn (IT&relatlve Inform, Techn éIT(} relative:
olv*  —0.00 olv*  0.99 0.199
cmy* 1. 008 -0.003 0.649 cmy* 0. 002 0.999 0.801

CIELAB absolute: CIELAB absolute:
5345 -521 856 LAB* 4797 67.11 40.28
5345 5235 172.72 LCH* 4797 7755 29.96

CIELAB rélative: CIELAB réelative:
. —1 003 0.128 tab* 0.5 0.864 0.498
1.012  0.48 tch* 0.5 0.998 0.083
-0.003 -0.007 0.458 nwl* 0.002 0.001 0.387

Natural Colour (NC} relative: Natural Colour (NC_) relatlve:
tri* 0498 -1.011 -0.024 tri* 0.5

013
0.498 1.012 0.504 tce*r 0.5 0.998 0 998
-0.003 1.012 gOlb nce* 0.002 0.998 b99r

sweIsAs Jojiuow Jo ewid Jo uswensesw Jo) uoiedidde

ddd'/Sd'dN0030671/710T/063 1-T060%700¢ -Uoielis!

Inform. Techn (ITJAreIatlve Inform. Techn éIng relatlve Inform. Techn éIT(} relative:
olv* -0.00: 0.807 olv* -0 1.008 olv* 1.007
cmy* 1. 009 -0.003 0.193 cmy* 1. 006 0.751 -0.007 cmy* 0 708 0.998

CIELAB absolute: CIELAB absolute: CIELAB absolute:
56.95 -37.38 -27.67 LAB* 3375 16.1  -44.55 LAB* 3242 44.
56.95 47.65 218.78 LCH* 3375 47.87 2894 LCH* 3242 55.76

CIELAB relative; CIELAB relative: CIELAB relative:
0.498 -0.789 -0.633 0501 0337 -0.955 tap* 0504 0.794
0.498 1.013 0.608 0.501_ 1.013 0.804 tch* 0504 1.005
-0.003 -0.008 0.503 nwl* -0.007 -0.005 0.203 nwi* -0.006 0.002

Natural Colour (NC} relatlve Natural Colour (Nc&lrelatlve Natural Colour (Ncg relatlve
0.498 598 0.501 trj*  0.504 879
0498 1013 0. 601 0.501_ 1.013 0.749 tce* 0504 1.005 83
-0.003 1.013 g40b -0.007 1.013 g9% nce* -0.006 1.005 b32r
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Summary

* The Standards ISO/IEC 15775, ISO/IEC TR 19797 and DTR 24705
define ISO/IEC-test charts and eight basic colours in CIELAB

 The 8 basic colours form a douple cone with a hexagon as basis.
A colour is transferrred between input and output via the double
cone: Natural Colour Connection Space (NCCS, circular basis)
Advantage: Allows maximum detail recognition for any output

« The NCCS is used for the display output of 8 different display
reflections at work places, for example data projectors.

« The NCCS is used for output of device independent elementary
colours RJGB and for a link between IT and colour order systems

« The NCCS has been used for Device Link Colour Management
(DLCM) which maintains the hue, the relative chroma and the
relative CIELAB differences (maximum recognition of the output).
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