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Workshop Topics

Becoming familiar with ReflccMAX
e |nstall and build libraries and tools

Using ReflccMAX tools to generate, apply, view and manipulate iccMAX profiles
e Fun with MetaCow
e Applying named color profiles

Developing with ReflccMAX’s IccProfLib library
* How to write code to apply profiles

Working with different observers and illuminants

e Understanding CATs, CAMs and MATs

e Using excell and Matlab to create data for PCCs

* Applying different observers with Rec2020 monitor profiles
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What is ReflccMAX? T

ICcMAX

= ReflccMAX is an open source C++ reference
implementation related to the iccMAX specification

e Includes both libraries and tools

* Allows for the interaction, creation, manipulation, and
application of iccMAX based color management
profiles

" Source project accessible through GitHub
e https://github.com/InternationalColorConsortium/ReflccMAX

" Executables and sample profiles available on ICC web
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Getting familiar with Workshop
Files

dOF it




Contents of workshop folder

4 ';'.' DevConWorkshop
 Ju dep
4 | RefleccMAX-Version
> Ju Build
> 4 IccProflib
4 | leeXML
b 4 CmdLine
b s IccLlibXML
.. ReadMeFiles
> 4. Testing
4 | Tools
b 1. CmdLine
b4 MacOS-X
> e WinNT
b wxWidget
.. wintools
> 4 Wpt-MAT
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Contents of workshop folder

4 ;'.' DevConWorkshop |
> ) dep '
4  RefleccMAX-Version
> 4. Build
P 4 IccProfLib
4 | lecXML
> 4 CmdLine
b s IcclibXML
.. ReadMeFiles
b Ju Testing
4 | Tools
> 1. CmdLine
> 4y MacOS-X
b g WiIinNT
b4 wxWidget
|, wintools
bl Wpt-MAT

[[e1SU| pue MaIAIBAQ XYINID|IaY

THE FUTURE OF
- COLOR MANAGEMENT



A

Contents of workshop folder %
4 ';'.' DevConWorkshop ‘ CZ)
> L dep ' >
4 | RefleccMAX-Version >
> J. Build \ @)

> 4 IccProflib (<D

4 | lecXML -S

b 4 CmdLine S-

> 4 lecLlibXML @

.. ReadMeFiles é

> 4. Testing %

4 | Tools (@)

b 1. CmdLine e

b4 MacOS-X a

> b WinNT —t

b wxWidget g=J

.. wintools
4 b Wp‘t-MAT
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Contents of workshop folder

4 | DevConWorkshop
 Ju dep
4 | RefleccMAX-Version
> 4. Build
> 4 IccProflib

. ReadMefFiles
> 4. Testing
4 . Tools

b 1. CmdLine

b4 MacOS-X

b4 WIinNT

b wxWidget
.. wintools
> Wpt-MAT

4 | leeXML
> & cmu:\
> b TecLibXML

©
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Contents of workshop folder

4 ,,'.' DevConWorkshop |
> | dep '
4 | RefleccMAX-Version
> 4. Build
> 4 IccProfLib
4 | lccXML
> 4 CmdLine
b s IcclibXML
.. ReadMeFiles
> Ju Testing
4 | Tools
> 1. CmdLine
b4 Mac0S-X
b s WinNT
b wxWidget
.. wintools
> 4 Wpt-MAT
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Contents of workshop folder

4 ;'.' DevConWorkshop \
> | dep '
4 | RefleccMAX-Version
> 4. Build
> 4 IccProflib
4 | leeXML
b 4 CmdLine
b s IccLlibXML
.. ReadMeFiles
> 4. Testing
4 | Tools
b 1. CmdLine
b4 MacOS-X
b WinNT
b wxWidget
.. wintools
> Wpt-MAT
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Contents of workshop folder

4 ;'.' DevConWorkshop |
> ) dep '
4  RefleccMAX-Version
> 4. Build
P 4 IccProfLib
4 | lecXML
> 4 CmdLine
b s IcclibXML
.. ReadMeFiles
b Ju Testing
4 | Tools
> 1. CmdLine
> 4y MacOS-X
b g WiIinNT
b4 wxWidget
|, wintools
bl Wpt-MAT
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Install and Building Libraries /
Tools
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Generating / Investigating
IcCMAX Profiles

Using ReflccMAX Tools




Representing profiles with ReflccMAX

ReflccMAX supports two ways of representing iccMAX profiles
* Binary

* Implemented by IccProfLib library

* Defined by iccMAX specification

e Compact, embeddable format
e XML

e Implemented by IccLibXML

e Currently defined by implementation
e Human readable / editable

iccFromXML and iccToXML utilities allow for conversions between

THE FUTURE OF "
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Investigating profiles using ReflccMAX command line utilities

= Usage: iccToXML icc_profile_file saved xml file
e jcc_profile_file defines path to iccMAX profile file to parse

e saved _xml_file defines path to xml profile file to create based on parsing
icc_profile_file

» saved xml_file can then be viewed/edited using text editor

=  Usage: iccProfileDump icc_profile file tag id
e jcc_profile file defines path to iccMAX profile file to display

e tag id defines signature of tag to display contents
e Use “ALL” to diplay contents of all tags

THE FUTURE OF
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Generating profiles using iccFromXML command line utility

= Usage: icckromXML xml_file saved icc_profile_ file
e xml_file defines path to XML file to parse

e saved_icc profile file defines path to icc profile file to create based on parsing
xml_file

S9|1J04d XVIN221 Bulretauas
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Generating and Investigating
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Working with Spectral
Reflectance Images




What is a Spectral Reflectance Image?

Light Source Processing

o)
e
l P\‘.‘ [ 7/
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Light Sensor

A
e

e defines how light is reflected a
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Fun with MetaCow

e The MetaCow spectral image
database provides individual
images for each wavelength

® Color FAQ

% Research Databases

® Munsell Diarses

# Useful Color Data

METACOW: A Public-Domain, HighResolution, Fully-Digital. Noise-Free, Metameric,
Extended-Dynamic-Range, Spectral Test Target for Imaging System Analysis and
Simulation

® Munsell Renotation Data

® Books in our Research Library

e Designed so that the heads
match the tails under D65
illumination for the standard 2-
degree observer

e Small and Large image databases
provided

sabew| adur]da|jay [e119ads yrm Buriop
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The Small MetaCow Database

o

MetaCow380n  MetaCow385n  MetaCow39%0n  MetaCow395n  MetaCowd00n  MetaCowd05n  MetaCowdlOn  MetaCowdlSn  MetaCowd20n  MetaCowd25n  MetaCowd30n
m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif

aale g ol g ol g -~ -~ .~ g g
MetaCowd35n  MetaCowddOn  MetaCowdd5n  MetaCowd50n  MetaCowd535n  MetaCowdt0n  MetaCowdB5n  MetaCowd70n  MetaCowd75n  MetaCowd80n  MetaCowd85n
m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif

Images found in:

MetaCowd9n  MetaCowddSn  MetaCow00n  MetaCowS05n  MetaCowsl0n  MetaCowS15n  MetaCows20n  MetaCow525n  MetaCows30n  MetaCow535n  MetaCowsd0n DevconWOFkShOp\
m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif
ReflccMAX-Version\

MetaCow545n MetaCow350n MetalCow555n MetaCows60n MetaCow565n MetaCows70n MetaCow575n MetaCow580n MetaCow585n MetaCowd90n MetaCow595n Te Stl n g\

m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif
MetaCow\
SmTiffs-400-10-700\

MetaCow600n  MetaCow@05n  MetaCow6l0n  MetaCowdlin  MetaCowt20n  MetaCow625n  MetaCow630n  MetaCow635n  MetaCow6d0n  MetaCowbd5n  MetaCowG50n
m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif

MetaCowb35n  MetaCowG60n  MetaCowdb5n  MetaCowt70n  MetaCow675n  MetaCow680n  MetaCow685n  MetaCow690n  MetaCow695n  MetaCow700n  MetaCow705n
m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif

sabew| adur]da|jay [en129ads ynm Bujiopn
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MetaCow710n  MetaCow7l5n  MetaCow720n  MetaCow725n  MetaCow730n  MetaCow735n  MetaCow740n  MetaCow745n  MetaCow750n  MetaCow755n  MetaCow760n
m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif m_sm.tif
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Combining things with iccSepToTiff

Profile

Spectral Tiff Image

iple sin
| embe

This results in a
}usmg AX

AX profile
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iccSpecSepToTiff

=  Usage: iccSpecSep2Tiff output_file compress_flag sep flag infile_fmt_file start nm end_nm
inc_nm {embedded_icc_profile file}
e output_file defines path to TIFF file to create
e compress_flag determines whether output_file is compressed
* 0 (nocompression) or 1 (compression)
* sep flag determines whether samples are stored as either
* 0:interleaved pixels (ABCDABCDABCD...)
e 1:planarinterleaved (AAA...BBB...CCC...DDD...)

* infile_fmt file defines a “sprintf” file designator for selecting files to combine into a single tiff with single integer
value specifier

*  Example: ref%03d_nm.tif matches (ref400_nm.tif, ref410_nm.tif etc.)
e start_nm defines starting wavelength value for file matching

lue for file matching

sabew| adur]da|jay [e119ads yrm Buriop
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iccTiffDump

= Usage: iccTiffDump iccTiffDump tiff file {exported icc file}
e tiff file defines path to TIFF file to show information about

e exported icc_profile file an optional argument that fines an file name to export
the embedded iccMAX profile as

sabew| adur]da|jay [e119ads yrm Buriop
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Inside Color Management to Display Spectral Reflectance Images

Source S ——

ICCIn

Spectral PCS Convert To Colorimetri Custom To

Standard
Colorimetric
PC

v
Destination
Image

for

itions (PCC) provide information to

sabew| adur]da|jay [e119ads yrm Buriop
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Profile Connection Conditions (PCC)

=  Profile Connection Conditions (PCC) comprise of:
* Header color space and spectral PCS metadata
* spectralViewingConditionsTag (Signature: ‘svcn’)
* A spectralViewingConditionsType tag that spectrally specifies observer and illuminant

* llluminant and observer signatures used to determine PCS pass through connection

* Colorimetric information about surround
e customToStandardPcsTag (Signature: ‘c2sp’)

e A multiProcessElement tag to used convert from custom PCS colorimetry to standard D50 / 2-degree observer colorimetry
e standardToCustomPcsTag (Signature: ‘s2cp’)

* Defines a multiProcessElement tag used to convert from standard D50 / 2-dgree observer colorimetry to custom PCS colorimetry

=  PCCinformation is required whenever spectral PCS is used or colorimetric PCS is NOT standard D50

ewing conditions

sabew| adur]da|jay [e119ads yrm Buriop
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Using PCC profiles

The PCC subfolder contains abstract iccMAX profiles
that provide PCC information for various illuminants

4 || DevConWorkshop
>y dep
4 . RefleccMAX-Version
b & Build
1. lecProfLib
b lecXML
. ReadMeFiles
4 | Testing
. ApplyDataFiles
. Cale
. CMYK-3DLUTs
. Display
. Enceding

> MetaCow
. Named
. PCC
. ReadMeFilesTesting
. SpecRef

> i Tools

)
)
)
)
)

[» J: mcs
)
)
)
)
)

|, wintools
> Wpt-MAT

and observers

e These spectral reflectance profiles provide identity
transforms over spectral range of 400nm to 700nm in

10nm steps

These profiles can be used to:

e Define embedded profile when creating spectral

reflectance images

@

* Provide override PCC when applying profiles

A

THE FUTURE OF
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Using iccApplyProfiles to apply iccMAX profiles to images

. Usage: iccApplyProfiles src_tiff file dst_tiff file dst sample_encoding interpolation dst_compression dst_planar dst_embed_icc
{{-ENV:sig value} profile_file_path rendering_intent {-PCC profile_connection_conditions_file}}

e src_tiff_fileis path to source tiff image
e dst_tiff fileis path to create resulting tiff image
e dst_sample_encoding (O=same as src, 1=8-bit, 2=16-bit, 3=float)
e interpolation (CLUT interpolation: O=linear, 1=tetrahedral)
e dst_compression (O=none, 1=LZW compression)
e dst _planar (O=pixel interleave, 1=separate planes)
e dst_embed_icc (0=no, 1=embed last profile applied
e sigis four character signature of CMM environment values to define
e Use of CMM environment values is optional multiple environment values can be defined for each profile
* vaglue is numeric value to associate with a CMM environment value

e profile_path is path to ICC profile to apply

) e -embedded tomus bedded profilegimsi

sabew| adur]da|jay [e119ads yrm Buriop
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Applying spectral iccMAX Profiles

Use iccApplyProfiles with various profile sequences

Spectral Tiff Image

Spectral Tiff

RGB TIFF

7N
iccMAX '

THE FUTURE OF
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Spectral Tiff o

Spectral Tiff

Spectral Tiff
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Working with Spectral
Reflectance Images
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Building applications using
|ICCProfLib
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Building Applications using lccProfLib

Applications can utilize IccProfLib to parse, manipulate, and apply
both ICC and iccMAX profiles

This involves:
e Adding lccProfLib to include folders for project

e Linking to an appropriate IccProfLib library
* Release/Debug
e 32-bit / 64-bit
e Static library / Dynamic library
e Using functions and class objects from IccProflLib in your code

convenient examples for coding

THE FUTURE OF
COLOR MANAGEMENT
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Basic Profile Application

1. Include lccCmm.h
2. Instantiate a ClccCMM/ClccNamedColorCmm object

3. Add Profiles to CMM object
. Specifying rendering intent, PCC, and other transform configurations

4. Instruct CMM to begin transformations
. Via CMM’s Begin() member function call

5. Optionally get ClccApply object(s) from CMM

. Profile application is NOT thread safe so separate Apply objects should be used for
each thread

6. Apply colors/pixels using either CMM or Apply object

Color/pixel encoding modifications may be needed

g17404499] buisn suonealjddy Buipjing

s as needed
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Snippets of code from iccApplyProfiles.cpp

#include <ClccCmm.h>

icStatusCMM stat;  //status variable for CMIM operations

//Allocate a ClccCmm to use to apply profiles.
ClccCmm theCmm(icSigUnknownData, icSigUnknownData, true);

//Read profile from path and add it to theCmm

stat = theCmm.AddXform(argv[nCount], nilntent<0 ? icUnknownintent :
(icRenderinglntent)nintent,
ninterp, pPccProfile,
(icXformLutType)nType, bUseMPE, &Hint);

//Al1l profiles have been added to CMM

017404499] Buisn suonealddy buipjing

THE FUTURE
COLOR MANA



Non-Image based CMM application

The iccApplyNamedCmm tool takes a text data file containing colors
to be applied by a sequence of profiles

The data file has header that specifies color space signature and
encoding type

iccApplyNamedCmm allows for application and testing of Named
Color profiles

Debugging iccApplyNamedCmm allows for surgical access to
understanding workings of lccProfLib

. | whe uggi nsforms in profiles as you create them usi
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1ccApplyNamedCmm.cpp uses ClccNamedColorCmm

i1T(SrcspaceSig==icSigNamedData) {//Are names coming is as an input?
switch(namedCmm.GetlInterface()) {
case i1cApplyNamed2Pixel:

namedCmm.Apply(DestPixel, SrcNameBuf, tint); break;
case 1cApplyNamed2Named:

namedCmm.Apply(DestNameBuf, SrcNameBuf, tint); break;
default: //error

}

else { //pixel sample data coming in as input
switch(namedCmm.GetInterface()) {
case i1cApplyPixel2Pixel:
namedCmm.Apply(DestPixel, SrcPixel); break;

case icApplyPixel2Named:

SrcPixel); break;

017404499] Buisn suonealddy buipjing




Using iccApplyNamedCmm to apply iccMAX profiles to images

= Usage: iccApplyNamedCmm {-debugcalc} data_file path

final _data_encoding{:FmtPrecision{:FmtDigits}} interpolation {{-ENV:sig value} profile file path

rendering_intent {-PCC connection conditions _path}}

* Inclusion of —debugcalc forces verbose calculator element debugging

e data_file_path is path to data file to get color data to apply

e final_data_encoding (O=value, 1=percent, 2=UnitFloat(clipping), 3=Float, 4=8-bit, 5=16-bit, 6=16-bitV2)
* FmtPrecision & FmtDigits define precision of output floating point values

e interpolation (CLUT interpolation: O=linear, 1=tetrahedral)

* sigis four character signature of CMM environment values to define
e Use of CMM environment values is optional multiple environment values can be defined for each profile

* value is numeric value to associate with a CMM environment value

e profile_path is path to ICC profile to apply

e Use -embedded to use embedded profile in image

sabew| adur]da|jay [e119ads yrm Buriop
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Building applications using
|ICCProfLib
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Setting Up Profile Connection
Condition Tag Values

Usine Wat-MAL Tools
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Profile Connection Conditions Tags

= The Tags associated with Profile Connection Conditions (PCC)

e Define the observer’s color matching functions

* Must provide XYZ like values that can be converted to/from Lab using CIELAB conversion
math

e Define the illuminant’s spectral power distribution
e Provide conversions between custom colorimetry and legacy Standard PCS
colorimetry

* The (legacy) Standard PCS uses a CIE D50 illuminant with the CIE Standard 1931 2-degree
observer

sbe| 90d dn bumas

= How do you populate these tags if you want to use a custom or
illuminant?
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Why are colorimetric conversions needed?

150 Tristimulus values under 3 illuminants Tiiationithus vk suntar 3 ilksnints
150
[m ]
o 100
100
'l r~
© 50,
3 O
~N
[m ] o o
0 BB g
50 x
20
40
* -
"3
& w =
200
100 100
o L) 2 ' T 1 T T ]
120 100 120 ¢ 100 120
Y o 20 40 &0 80
X b §

=  Colorimetric values change for different illuminants/observers for the same spectral reflectances

* Figure of Tristimulus values for same Munsell glossy reflectances for 2-degree observer under llluminant A (red), D65 (black),

our equivalency” for changes in observer and
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Methods of converting PCC colorimetry

1. No Conversion
e  Justplugin ldentity matrices

2.  White Balancing (vonKries Normalization)
. Used by CIELAB equations

3. Chromatic Adaptation
. Based on Corresponding Color
. Used by Color Appearance Models (CIECAMO?2)

4. Material Color Adjustment
. ased o teri r Equivalency

Anaw0]0) D0d bunuaauo)
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White Balancing (vonKries Normalization)

W, ¢ B N
A,s 0 0 1 0 0
M= o W 0 Y
B Wz,s AX = O 1 O
0 0 W?/ W2,x
W3,s O 0 1
W3x
w,=Cl,,w, =Cl, L X
w, =CI,
=  Determined by multiplying by ratio of destination
colorimetry divided by source colorimetry for
illuminants in both connection conditions
=  Only provides grayscale color equivalency
| |

Doesn’t predict color appearance through
ad jon or materi lor
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Chromatic Adaptation Transforms

- - Tristumulus Yaluss
W 0 0 40T PR
Lo o K 00| e e
- W, N = 0 0 IS 5 : : Lo
M=| 0 Y, O x %\/Z’X 1200 e T RO
w : : i :
L 0 0 3’tW3,s_ L 0 0 W3,x_ 100 ---------------- x """""""" x """"""""""
w, =SCl, w, =SClI, w, =SCI,

m Determined by:

* First applying sharpening matrix optimized to predict
corresponding color experiments

e Then applying vonKries normalization

* Then applying inverse sharpening matrix

n Useful for predicting appearance change by single
observer for changes in illuminant

Anaw0]0) D0d bunuaauo)
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Material Color Equivalency using Wpt (WayPoint) Normalization

M, - My
_ ‘L : Scaling % . Shearing z i
M, ” M 1
N NG -

I 4 é/}f/ Rotation . ( S -

L5 Lasalng o Romton A
W ISfC p
p|=Almg =MM;M ,M;M
t SSTC
] Determined by applying sequence of linear transforms to

material sensor coordinates in order to separately minimize

differences in white point, lightness, chroma and hue
e Regression can be used to minimize to reference observing
conditions

Doesn’t predict color ap
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Material Adjustment Transforms

o
I

Mc,
M=(A,) A,
A, =T(C,l,)

n A Material Adjustment Transform is determined by
multiplying the inverse of the Wpt normalization
matrix for the destination observing conditions
(combination of observer and illuminant) by the Wpt
normalization matrix for the source observing
conditions

Munsell Value=2.0

Munsell Value=5.0
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Munsell Value=3.0

I .

Munsell Value=4.0

-50

-100 0
P
Munsell Value=6.0

-100

-100 0 100

Munsell Value=7.0

|

50 50 *% !‘c‘&
et
0 or e s
L]
o
-50 s % -50 v *
-100 -100
-100 0 -100 ] 100
p P
Munsell Value=9.0 C vs Munsell Value
100
B
50 & o
& B
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Chromatic Adaptation Material Adjustment
‘ E Same - : [~
Appearance S
» C
% Q ap v d =

y N (o~ - y

X=10.7 & X=10.7

Y=16.2 Y=16.2

Same ¥Y=19.7
;; \ Material £=26.5

— > MAT

S|VIN PUe S]1y) Usamiag Sauatapi(

les of Sensor Adjustmen rm
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MATs predict differences in both observer and illuminant
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Wpt-Tools folder Wpt has
Normalization Excel spreadsheet

The “Wpt Normalization
Calculator” tab can be used to
determine Wpt normalization
matrix for a given observer and
illuminant

The “Useful Data” tab has both 2-
degree and 10-observer data as
well as data for various
illuminants

rt

Page@ymut
L)

E

Using Excel spreadsheet to Populating PCC tags

ns Load Test

WED RED & Clear = *
= =Eu = % Reapply E S| E H‘@-
From From From From Other |  Existing Filter ; Tetto  Remove Data  Consolidate WhatH | Group Ungroup Subtotal
Access Web Text Sources=  Connections W Advanced | Columns Duplicates Validation = Analysis - -
Get External Data Connections Sort & Filter Data Tools Outline )
Gas - £l v
[T A B c D E F G H 1 3 K L B
1 This spreadsheet performs Wpt normalization as described by Derhak & Berns (CR&A Vol. X, Num. Y, pgs N-M).
2
3 Instructions:
4 1. Place CMF in G8:CI10
5 2. Place illuminant in G12:CI12 Wavelength 380 385 390 395 400 40
6 3. Results placed in matrices in A9:C11 and A15:C17 below
7
8 XYZ_to_Wpt CMF-X 0.001368 0.002236 0.004243 0.00765 0.01431 0.0231
9 -0.06265 1.03839 0.02669 CMF-Y 0.000039 0.000064 0.00012 0.000217 0.000396 0.0006
10 4.68561 -4.82563 0.37293 CMF-Z 0.00645 0.01055 0.02005 0.02621 0.06785 0.110
11 0.28350 1.50053 -2.15101
12 Hluminant  24.45714697 27.1472803 29.83741363 39.54744278 49.25747194 52.8593635
13
14 Wpt_to_XYZ 40 "Corrected Munsell" Training Patches
15 0.96425 0.22325 0.05067
16 1.00000 0.01249 0.01458 Wavelength 10N 2.5R_5/6 ER_5/6 7.5R_5/6 10R_5/6 2.5YR_5/6
7 0.82468 0.03814 -0.44805 380 1 0.087548874 0.070615774 0.072654241 0.043945072 0.13444970
18 385 1 0.089122578 0.071013222 0.074970628 0.043979867 0.14532811
19 390 1 0.112783668 0.088943058 0.077287015 0.0440146632 0.15620652
20 395 1 0.144752808 0.108359211 0.079713968 0.044049459 0.19681879
21 400 1 0.179314931 0.124046155 0.085022001 0.044084255 0.24251784
22 . 405 1 0.206874425 0.133234029 0.087889739 0.04411905 0.2814763
23 Tralnlng Data p’t Vales 410 1 0.222501494 0.138787372 0.089277684 0.044153618 0.306145
24 415 1 0.221125534 0.142429495 0.090059565 0.044038598 0.31910162
25 Ly ] '. 420 1 0.234905906 0.145477344 0.091402788 0.043961457 0.32477406
26 425 1 0.243806672 0.149525758 0.092889241 0.04400334 0.32985154
27 420 1 0.247311282 0.152177326 0.094578881 0.044109657 0.32539071
28 435 1 0.256517007 0.157863502 0.096244489 0.044477104 0.34001800
29 440 1 0.264124569 0.1623698 0.099390607 0.044817301 0.34798133
30 .' 445 1 0.272287503 0.167986788 0.102491102 0.045270481 0.35491887
31 20 00 ap.of Reference 450 1 0.283436764 0.177304392 0.106820434 0.045778314 0.35963306
32 660 « Actual 455 1 0.293408163 0.187121473 0.112791205 0.046496036 0.36048087
3z N ™ 460 1 0.306763838 0.200523298 0.121028474 0.047379869 0.36123939 +
4 4 » M| Wpt Normalization Calculator . Useful Data .~ MAT Creation .~ %J 14 il |
Ready 100% (=)——U——(+)
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Using MATs to determine Color Matching Functions

=  Wpt Normalization matrices can be used to convert Sensor Sensitivity Functions or Cone
Fundamentals (F) to Color Matching Functions (M) for PCC observer population as

follows:
1. Determine Wpt Normalization matrix (Ag) for Sensor Sensitivity Functions or Cone Fundamentals and
[lluminant used in PCC
2. Determine inverse Wpt Normalization matrix ((Az) 1) for standard 2-degree observer and llluminant used
in PCC
3. Color Matching Functions (M) are found by transforming Cone Fundamentals (F) as follows:
. M= (A,) 1A F

. This results in Color Matching Functions that:

e PCCilluminant as the standard 2-degree observer

suonoun4 Buiyore\ 1010 Butuiwialag

Sensor Sensitivity Functions or Cone Fundament

Z values as standard 2-degree observer

y N
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Populating PCC Tags using Material Adjustment Transforms — Part 1

= Populating spectralViewingConditionsTag
Place Spectral Power Distribution of illuminant in illuminant field

2. Use MAT to determine Color Matching Functions for custom
observer/sensors and place in observer field

3. Determine llluminant XYZ for observer and place in illuminantXYZ
field

4. Make other metadata fields match observer and illuminant fields

Sjuaju0) be| Hod buluiwialag
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Populating PCC Tags using Material Adjustment Transforms — Part 2

= Populating customToStandardPcsTag
1. Setup multiProcessElementsType with single MatrixElement

2. Determine matrix values for MatrixElement

. If a MAT was used to determine ColorMatchingFunctions then
MatrixElement values are defined by MAT going from PCC illuminant with 2-
degree observer to D50 with 2-degree observer

. Else if MAT was not used (i.e. custom ColorMatchingFunctions are used)
then MatrixElement values are defined by MAT going from PCC illuminant
50 with 2-dgree observer

Sjuaju0) be| Hod buluiwialag
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Populating PCC Tags using Material Adjustment Transforms — Part 3

= Populating standardToCustomPcsTag
1. Setup multiProcessElementsType with single MatrixElement

2. Determine matrix values for MatrixElement

. If a MAT was used to determine ColorMatchingFunctions then
MatrixElement values are defined by MAT going from D50 with 2-degree
observer to PCC illuminant with 2-degree observer

. Else if MAT was not used (i.e. custom ColorMatchingFunctions are used)
then MatrixElement values are defined by MAT going from D50 with 2-dgree
bserve ' inant with PCC observer

PcsTag should be an inverse of the

Sjuaju0) be| Hod buluiwialag
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Useful MATLAB functions in Wpt-TOOLS\MATLAB

= getCIEStruct to get structure with CIE illuminants and color matching functions

e cie=getCieStruct(380:5:780);

=  getWptStruct to get structure with Wpt Normalization Matrices for a given observer and illuminant

e wpts250=getWptStruct(cie.lambda, cie.cmf2deg, cie.illD50);

= interpCmf to resample Color Matching Functions, Cone Fundamentals or Sensor Sensitivity Functions

e cf2=interpCmf(lambda, cf, cie.lambda, ‘linear’)

= ie2006cfs to get Cone Fundamentals for CIE 2006 observer
e cf=get2006cfs(4, 50, cie.lambda);

= cf2cmf to convert Cone Fundamentals to Color Matching Functions

ie.illD65);

ile or to console

Sjuaju0) be| Hod buluiwialag
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Setting Up Profile Connection
Condition Tag Values
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Estimating and Manipulating
spectral Reflectance with

ICCMAX Profiles
- I l

Using Profiles in Testing\SpecRef and




e Color Management and Spectral Reflectance

= Two signification questions arise with ability to perform color
management with a Spectral Reflectance PCS

 How do you estimate spectral reflectance from colorimetry?

 How do you manipulate spectral reflectance to achieve desired changes in
appearance for a given observer and illuminant?
e Color Rendering
* Gamut Mapping

=  Answering first question provides method of answering second
question

ICC DevCon 2016

1/18/2021 @ REAL WORLD SOLUTIONS & APPLICATIONS o LS f:




Spectral Estimation from Wpt coordinates

e Derhak’s PhD dissertation outlines a method of _1

estimating spectral reflectance directly from WI

Wpt coordinates M _ select

1.  Convert W,p,t to polar based W,Cpt,hpt

2. Determine characteristic reflectance Oselect

C

O
-
@D
O
ﬁ
@p)
@)
D
O
select | =
2
M
(0p)
—t
S
Q
=
@
-

based on hpt _g ] B W i
. Various methods proposed in dissertation — M
select
3.  Calculate Mselect from the W and Cpt S C ;
associated with Oselect - - | Pt
4,  Use Mselect to find g and s scalars
n be pr butea. h hue —
C)any — g I +

THE FUTURE OF
COLOR MANAGEMENT




. . ﬁ
Il Characteristic Hue Reflectances (Oselect —
h_=1.4 h =16.1 h_=21.5 h_=46.5 !
N pt L N pt N Pt N N N N Pt ﬁ
o 1 o o 1 o 1 o o o o
£ i £ g £ g £ G —
T os L I os | L os Iy i Iy i
306 H] 3 0.6 | 8 o6 g o] g I s
£ H £ H £ H £ H
704 = 704 | ® 0.4 T 5 T 5
t t t T t T t T
B0z 3 oz : 0.2 [ ; H 2 2 2 (Q
T A T, N T I T ol . T % . : T : % ok :
® 400500600 700 © 400500 600700 ® 400500 600700 ® 400500 600 700 ® 400500600 700 ® 400500600 700 ® 400500600700 ® 400500 600700
Wavelangth (nm) Wavelength (nm) Wavelangth (nm) Wavelength (nm) Wavelangth (nm) Wavelength (nm) Wavelangth (nm) Wavelength (nm) m
h =547 h=62.4 h =726 h, =835 h =941 h,=103.6 h,=1115 h,=120.7 b
5 5 5 g 5 g 5 g
g 1 i g 1 i g 1 g 1 g 1 i
T os I Joos | ° T os L o8 T os °
Y 0.6 u Y 0.6 |- u Y 0.6 ¥ 0.6 Y 0.6 u
1-1"60.4 E 1-1"60.4 : é 1-1"60.4 50.4 1-1"60.4 é ‘ ’
W 0.2 i W02 | I W 0.2 W 0.2 W 0.2 I
T = : : T = : T - = T : = : H
W oq i o W oq IR W oq IR W oq IR
400500600 700 © 400500 600700 400500 600700 400500 600 700 400500600 700 400500600 700 400500600700 © 400500 600700 q
Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm)
h,=129.5 h,=140.5 h,m149.3 h,=160.3 h,=167.9 h,=173.7 h,=179.8 h,=186.5 QJ
- - - - - - - - —
5 5 4 5 4 5 4 5 5 5 4 5
t t t T t T t T
& 2 I oe Zoe & 2 I oe 2
g g y o6 Yo g y o6 y
4020 @ 402 | @ 0.2 @ @ a02 @
= : T = = = = = =
W[ - [T - LT - - TR ] - 1 Qg T v 0 v o0 - *
© 400 500600 700 % 400500 600 700 © 400500 600700 % 400500 600 700 © 400 500600 700 % 400500600 700 © 400500 600700 % 400500 600 700
Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) —
h,=196.6 h,=205.5 h,=217.0 h,=226.6 h,=237.1 h,=246.5 h,=255.4 h,=265.3 CD
5 5 5 g 5 g 5 g
4 4 4 ki 4 g 1 g 1 g 1y ‘ ’
& 2 & 2 & Zoe I o8| 2o
£ £ £ 5 £ gos fos gos QD
@ @ @ @ @ @ 0.2 a0z @ 0.2
= ] \ T = = o : = k= ] = = L
[T [T 1 0 [T ] Q0 = u 0 7 0 R
® 400500600 700 © 400500 600 700 ® 400500 600700 % 400500 600 700 ® 400500600 700 ® 400500600 700 ® 400500 600700 % 400500 600 700 :
Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) O
h,=275.2 h,=287.6 h,=298.8 h,=307.8 h,=317.1 h,=328.9 h,=339.6 h,=349.7
£ 1 £ 1 £ 1 £ 1 £ 1 £ 1 £ 1 £ CD
& oos L ooe L oe |- 2 o8 ] " oo.e B0 [y i o
Yos Yoe Yos %os Y06 ¥ o6 Yoe [fNE g u
50.4 Eo.q 50.4 Eo.q 50.4 Eo.q 50.4 ] E
402 0.2 402 RS 0.2 dozj 0.2 402 a
E o H 3 ok H E o H J H 3 o 3 H E o 3 ok H E o 3 ok B H
400 500 600 700 400 500 600 700 400500 600 700 400500 600 700 400 500 600 700 400 500 600 700 400 500 600 700 400500 600700
Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm)
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Creating RGB profiles with Spectral Reflectance PCS

1. Degammafy RGB to get Linear RGB

2. Apply matrix (concatenated RGB to XYZ and XYZ to Wpt matrices) to
convert Linear RGB to Wpt

3. Convert Wpt to polar notation (W, C, h)

4. Use normalized h with tintArrayElement to get Oselect and Mselect for
hue

5. Determine g and s scalars from W and C

6. Estimated spectral reflectances determined as linear combination of
g, S, and Oselect

a0uUr103|}aY [e109ds 0] goy

argbRef.icc in Testing\SpecRe
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Manipulating Spectral Reflectance

1.

Apply matrix to starting spectral

reflectance to get starting Wpt

Estimate starting estimated
reflectance from starting Wpt

Adjust starting Wpt to get modified

Wpt

Estimate modified estimated
reflectance from modified Wpt

Subtract modified estimated

reflectance from starting estimated

-

Manipulated

THE FUTURE OF 4
COLOR MANAGEMENT

Estimated
Spectral
Difference

Convert to Wpt

Adjust Wpt
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Using Abstract Reflectance iccMAX Profiles

= Several abstract iccMAX profiles in Testing\SpecRef folder
demonstrate spectral reflectance Manipulation
e RefDecC decreases chroma
e RefDecH decreases hue
e RefIncW increases lightness
e RefMetaBlack adds different metameric blacks based on lightness

92UR109|}aY |es10ads bunendiuep
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Applying spectral manipulation Profiles

Use iccApplyProfiles with following profile sequences

Spectral Tiff Image

RGB TIFF

"
o .
& —
ICCMAX

Spectral Tiff

w
iccMAX

Spectral Tiff
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Estimating and Manipulating
spectral Reflectance with iIccCMAX
Profiles
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Exploring workflows with iccMAX
profiles

Vagious Beofilegin Testing Folder
“ - s
A




Possible Workflows to Explore

Observer variability with Rec2020 RGB profiles
Packaging workflows using MCS profiles

Camera modeling

Using Reduced dimensionality CLUTs with Higher dimensionality color

spaces

Fluorescence in Named Color Profiles

©

THE FUTURE OF

COLOR MANA'WENT d

O
—
=2
(D
-
=
)
=
=
><
@)
=
.~
—
o
=
0]




Exploring workflows with iccMAX
profiles

m T







Workshop Review

Becoming familiar with ReflccMAX
e |nstall and build libraries and tools

Using ReflccMAX tools to generate, apply, view and manipulate iccMAX profiles
e Fun with MetaCow
e Applying named color profiles

Developing with ReflccMAX’s IccProfLib library
* How to write code to apply profiles

Working with different observers and illuminants

e Understanding CATs, CAMs and MATs

e Using excell and Matlab to create data for PCCs

* Applying different observers with Rec2020 monitor profiles
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Manipulating spectral reflectance
e Howitisdone
o IV un withgVi

g folder (time permitting)

y N
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Reference Materials

= |CC web page
e http://www.color.org

UOISN[2UO)

= jccMAX web page:
e http://www.iccmax.org

= |CC specification documents:
e http://www.color.org/icc_specs2.xalter

= jccMAX reference implementation:
e https://github.com/InternationalColorConsortium/ReflccMAX
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Thank You
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