Colorimetry

Part 2 of 2



Color space MacAdams ellipses

» colors perceived as equidistant by
the human eye are located at
differing distances in the CIE
Chromaticity Diagram




The CIE-Lu’V’

» The CIE-L‘ u'v 'model was created
on the basis of the linear
displacement of the CIE xymodel.

» eoThe result is a visually equidistant
color space.

b U =4X(X+15Y+3Z)-1
> V'=9Y(X+15Y+3Z)-1
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Ink Transparency

- Prinfed ink

 White paper




Mix of Colors through Addition

» Red Green and Blue Cones

A




Color Difference Delta E Lab 1976

0

£ )\ Sample Color

AE = (AL )* + (42" * + (4b* )?

« Named as Delta E (AE) and based on a mathematical
equation of Pythagoras




Color Difference CMC

hue

* The color difference method of the P——
Color Measurement Committee
(the CMC) is a model using two
parameters | and ¢, typically
expressed as CMC (l:c).
Commonly used values for
acceptability are CMC(2:1) and for
percepfibility are CMC(1:1).

2 2 2
AL * AC* AH *
AE e = + +
f-SL C-SC HL where:
SL = function of L | and ¢ = ratio of

SC = function of C lightness and
SH = function of Hand C chroma

—— lightness




Color Difference CIE 94
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Color difference CIE 2000

* 2 * 2 * 2 * *
A, = [[ALr) (Act)  (AH=) fo (Ac*AH
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Rotation term

CIE/NPL recommendation for calculation of small color differences, to replace CIE94, CMC, etc.
Introducing a “Rotation Term” correcting of anomalies in the blue area of the color space.




Color Measurement Through Spectral
Curves
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Following a Color Measurement.... What
does it mean?

 Spectral data

L T Target color [No)

L= 471.5
a= 64.9
b= 43.17

[DB5.2°]




Following a Color Measurement.... What
does it mean?

+100
* Spectral data T
* L*a*b*-values 2°
- Observer angle 10°

+100




Following a Color Measurement.... What
does it mean?

Fluorescent
tube

Lamp

- Spectral data
 L*a*b*-values

* Observer angle
* llluminance

d= D@.3
b= 43.1
[DE5.2%]




M Factor - Effect of [llumination

Effects of illumination conditions
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The new M series allows color management of OBA-enhanced substrates

Measurement lllumination

Condition M1 match CIE llluminant D50

Condition M2 defines what UV exclusion, UV-cut
Condition MO does not define UV content, Standard llluminant A
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Example of Pass or Fail Metrics

SN e e
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How is this possible?
Answer: ICC

1993 ICC

Cooperation with Software producer and FOGRA:

Founder member: Agfa, Adobe, Apple, FOGRA, Kodak,
Microsoft, Sun, Silicon Graphics

Today more than 50 members
FOGRA, Technical secretary

Goal: Standardization - ICC




|ICC Purpose

Goal: characteristics of =

F

output measure comparing of
CMYK values color with CMYK-values
color-measuring device Color values=

(Spektrophotometer) Profil ICC

Profil = relation values cmyk <-> color CIELab




|ICC Founding Goals

ColorManagement: adapt hardware values (RGB) from
Input trought output (CMYK)

Profil ICC Profil ICC
Monitor M accordance LAB Print machine P
RGB (M) <-> LAB origin - target LAB <-> CMYK (P)

Colorspacetransformation from RGB to CMYK with the aid of CIELab Colorspace




Measuring the Data

«  CMYKOG profiling target, A3 [X-Rite EyeOne i5is)
+ LGOROWLENGTH 3o
» CREATED"2016-07-06T23:11:08+02:00"

*  ORIGINATOR "ColorGATE"
» DESCRIPTOR "CMYKOG profiling target, A3 (X-Rite EyeOne iSis)"
+ KEYWORD “INFO™
« [NFO "CMYKOG Profilierungstarget fir X-Rite EyeOne iSis, gedruckt auf einer A3 Seite mit 1920 Farbfeldem.”
* INSTRUMENTATION  "EyeOne iSis"
+ KEYWORD “ILLUMINATION_MNAME"
o ILLUMINATIOMN_NAME "D50"
« KEYWORD "OBSERVER_ANGLE"
+ OBSERVER_ANGLE "2¢
+ KEYWORD "MEASURE_CONDITION"
= MEASURE_CONDITION "MD"
HUMBER_OF_FIELDS e
MUMBER_OF_SETS e

BEGIH_DATAFORMAT

SAMPLE ID  3AMPLE MAME 4CLR 1 sCLR 2 §CLR 3 SCLR 4 4CLR 5 4CLE & SPECTRAL_MM_330 SPECTRAL MM_390 SPECTRAL MM_400
- SPECTRAL NM_410 SPECTRAL MM_420 IPECTRAL MM_430 SPECTRAL MM _440 3PECTRAL MM 450 SPECTRAL MM 460 SPECTWAL MM_&70 SPECTRAL MM 430 3SPECTRALCHM 490 3SPECTRAL-HM_500
SPECTRALTNM 510 SPECTRALCMM_520 SPECTRALTMM_530 SPECTRAL MM 540 IPECTRALTMM 550 SPECTRAL MM 560 SPECTWALMMCOS70 SPECTRAL MM 530 3SPECTRALCHM G#D 3SPECTRAL-MM_500
ZPECTRAL MM 610 SPECTRAL MM 420 IPECTRAL MM 830 SPECTRAL MM 840 IPECTRAL MM 850 ZPECTRAL MM 860 IPECTRAL_WM_470 SPECTRAL MM 30 3PECTRAL_MM 590 3ZPECTRAL_MM_700
EPECTRALTMAM 710 EPECTRALCMM-720  SPECTRALTHM_710

END_DATA FORMAT

BEGIN_DATA,
1 Al 100 o o o o o o 008294




Understanding the Data and Workflow




