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Overview

= Purpose
o Accurate reproduction and analysis of artwork.

= |Imaging Workflow
o Spectral capture, processing, and display.

= IccMAX Implementation
o Profile types and tags that mirror a MatLab code workflow.

* jccMAX Profile Generator
a Graphical tool that helps create and debug profiles.
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Purpose

= Why is spectral analysis important for art?
a Produce digital archives that can be accurately reproduced.
o Predict appearance under different light sources.

o Determine component colorants, aiding in restoration and
providing historical context.
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= How would iccMAX help?

a Current workflow requires custom software
tools for analysis.

o This makes data sharing and collaboration
difficult.
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Imaging Workflow
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Imaging Workflow

= Multispectral capture
a 6 channel camera (Dual-RGB)

o Camera-to-Spectral &
Camera-to-Tristimulus
matrices are optimized using
a color target (ColorCheckerSG or
custom paint target)

Digital ColorChecker $G
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Imaging Workflow

= Paint Concentration

Estimation Spectral Paint

o Linear algorithm Painting — Channels — Channels

estimates amount of
component paints at
every pixel.

o Result Is a paint-channel
Image.

N ey
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Imaging Workflow

= Paint Concentration Estimation

- (1 —=x)(1 = Kk2) + K2Ry — Kins K1 K2

o Complex linear algorithm pim 2R p, = Rl

iInvolving spectral integration, F;;:] e
inverse matrices, iterative

. e1 [@r-xt)y xP-xty P -xM] 7 o -xPy

operations and a lot of data. o) [E8 68 e [

a IccMAX can handle it! (k) ks sk ouhs +ak,

m
CPI Spl + Cp2 sz + Cpi\ Sp3 + Cw Sw

R=1+(5) V(5 +2(8)

((1—x1)(1 - K2)R;)

R, =
" (1—1R;)

+ Kins K1
(X7 =X (X2 =xP) (7= x7)

-1
Aq,, L& 7 [ X =X,
aca| = |@h=xty @Ryt Poyh| |y -y
- P P P P P P —
s |zt-zy @z zb-zn| |Z-Z,
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Imaging Workflow

= Displaying Paint Images
o Absorption/Scattering to Reflectance.
o Spectral Reflectance to Tristimulus or

Display RGB.
(E) - Cplkpl +Cp2kp2 +Cp3kp3 —I_Ch-'kw
5) =
m Cp1 5,1 + Cpa8) —I—.::'p3 S +c s,
ki = H(F)‘\/(?) +2(%)
Ry = ((1—mx)(1 —x2)Ri) Ky

(1 — KQR;F)
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IccMAX Implementation
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IcCCMAX Implementation

= Multispectral Capture & Encoding
o Input Device Profile (SCNR)
a2 6 Channel Data Color Space (6CLR)

o Absolute Colorimetric PCS Transformation (A2B3, 6x3
matrix)

o Absolute Reflectance Spectral PCS (D2B3, 6x36 matrix)

o Matrices generated from non-linear optimization outside
of iccMAX.

<ProfileDeviceClass>genr</ProfileDeviceClass>
<DataColourSpace>6CLR</DataColourSpace>
<PC5>XYZ</PCS>
<SpectralPCS>r=s0024</Spectral PCS>
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IcCCMAX Implementation

= Paint Concentration Estimation

o Material Identification Profile (MID) allows for custom
encoding channels and transformation.

2 Device Channel Input transformed to Material Connection
Space using iccMAX Programmable Calculator (A2MO0).

o Material Channels have custom names.

<ProfileDeviceClass>mid</ProfileDeviceClasss>
<DataColourSpace>nc001C</DataColourSpaces>
<MC5>me0003</MCS>

<utf8TextType><TextData>C_redOxd</TextData></utfBTextType>
<utf8TextType><TextData>C_ ylwOcr</TextData></utfBTextType>
<utfiTextType><TextData>C_ultBlu</TextData></utfBTextType>
</BArrayTags>

>
w
e
=
O
_|
)
>
—
=
@)
gy
7o
T
—
®)
=
T
o
Pyl
>
gl
_|
=
©)
2
~
=
_|
T
9
Q
<
=
>

{<ArrayTaqs}

ICC DevCon 2016

4/5/2017 @ REAL WORLD SOLUTIONS & APPLICATIONS 12 ( B



IcCCMAX Implementation

= Paint Concentration Estimation D

in(0,28) $BRm

o Paint, [lluminant, CMF spectral data copy @8,1) 65 tn k0.5
are stored as Matrix Sub-elements. 11 .03 .65 3Em,.65vEn,11,.03,.65

sub(2) mul sadd(28) div(28) %Rm/.65*R
tsav(0,28) %main = Ri, temp 0,28 = Ri

o Pseudo-iterative step written In neg(26) 1 5add(26) sq(20) $(1-83)"2
m{o,za} 2 smul(28) %(1-Ri)"~2,2*Ri

Calculator Sub-element, called X o) txa.x
mUItlple times. :;:;z{)zizﬁfiﬁzs} 0 2 sub smul(28) %k

1 copy(1,27) tget(0,28) =g(28) =sub(28
mul (28) %DE* (Ea-Ekw)

o Calculator sub-element holds i1t’s own Lt (2) maL(28) mex(3) SCHEXIDE® (ka-

tput(28,3) % main stack is empty, tem

Matrix “sub-sub’-elements. £get(0,28) 1 copy(1,27) &L, Sa w1

calc (4)%Matrix B

o Use of calculator requires careful S

. %tget (0,28) in(0,28) tget(31,3) %Ri,R

tracking of stack contents. teske(5) cRle(®) e ) cakc(s) e
</MainFunction>
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IcCCMAX Implementation

= Displaying Paint Images
o Material Visualization Profile (MVIS) allows for

transformation from MCS to Absolute Spectral
(M2S3) or Colorimetric (M2B3) or Device (M2A0).

o MID output channels and MVIS input channels have
matching names.

o MID profiles have MCS flag - MID channels are a
subset of the single MVIS profile, which contains
all paint channels.
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IccMAX Graphical Tool

What does it do?

o MatLab GUI Auto- -
generates XML code
for iccMAX profiles
based on user input.

o Why is this useful? =—

XML for One MID Profile

4/5/2017 @ REAL WORLD SOLUTIONS & APPLICATIONS
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ICCMAX Profile Generator
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ICCMAX Profile Generator

Profile Selection
a User selects profile type, input & output channels.

Profile Settings

Profile Type:
MID nr

Input Color Space

Device Channels w 28
Output Color Space
Material Channels -~ 3

Cutput Channel Mames:

Channel 1 v yiw_oxd

\'_ b ot Tool

Proble Settings
Prokle Typs
) v
Input Calar Space
Devce Channals ]
Cutput Colar Space
Matenal Crarnels ]

Output Chasnel Hames

Save Prokly

Jocessing Edtor

Charnel 1 v |y ot
Elprrart Tipe
0. M Cake: Al Hame
T - R Man Cak
Dalste
Opn Subsismants Capy Suselements
[o.Main Caic PN

Paste to Table Lises: 22 Input Chasnels:

{0 28] %itm
‘copy(28,1) 65 %Rm Rim 065

smal(28) %Rm_E5'Rm

11 03 65 %Am_§5°Rm 11,0365

subi2) il 52024 de{2H) SRy 85 Rme 1394 = R
Rsav{0,24) Semain = i, temp 8,28 = Ri

~agiZ8) 1 8adA(Z8) 278 %1 FPT

Ret{0.38) 2 arrusk28) W[ 1-FUF2. T

28] %

000 1 mex(0) Sokeakow

SID.28) 59(28) 0 2 sub smui(2E) Sla-dow 2
1 copy(1,27) tgetiD, 26) s0i28] Subl28) SW2E) Slka-tow ZRAZ 1 (15
28] WK (ra-m)

1 i) k) SCMF D {50
RPUA(Z, 3] % main stack is smpty, temp 24,3 = TEDK(Ka-Hw)
mD.28] 1 copyi1,27) %R, 5a =1

ek SManx B

SI28,3] 50M3.3) pep 1put[1,3) eintial concentrations
ualD.3)

Saget[1L78) 078 tu(31.3) %R Ravisit C

Sar 51 £ 51 ¢S] bt a5 i) Y1

[

Main Stack

1

L3
01455
01359
01200
0123
01219
[3F:]
a1
01887
01700
oz
oz
0214
L1
02450
03573
02604
020
239
0282
ozu7s
ozmE

1
12
13
L]
15
16
17
3
19
20
21

Temp Stack

05874
05854
05867
06054
061
06128
06065
05526
L7
05624
05437
05369
LI
05124
os
04550
04500
04753

04754
04754
04720

Load input

1.2

15
16
17
18
19
20
21
2
3
24
25
2
7

v | _28

Input

1

0.3
[
03101
0.3
02855
[Fr1]
02666
0.2%08
[EE
[E7]
02453
02338
0.ZHE
0%
LB
[F:1]
02424
02652
02665
0.3M1
.M
03663
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ICCMAX Profile Generator

* jccMAX Processing

a Processing elements and sub-elements can be added,
deleted, and manipulated using a graphical layout.

; Processing Elements
rocessing Elements

. Element: Type:
Element: Type: . - -
. - . 0. Absorption Coefficient » | WSk MName:
0. Main Calc | [Matrix Mame:
ol Caleulater Scattering Coeffi
—Create New— 2l atar Main Cale
< >
W
Delete Create Mew

Delete Create New

Copy Subelements

Copy Subelements Open Subelements

Open Subelements

0. Main Calc
Back to Parent Elements 2 |lluminant SPD
Back to Parent Elements 3. CMF
4 MixR Cal v
< >
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ICCMAX Profile Generator

* jccMAX Processing
FrocessigrogEto

o Both data and code can be Paste to Table Rows:| 28
copied from a text file, excel
document, or MatLab variable
and pasted into the tool.

o Calculator code can be
written directly in the tool.

prani 2054 0.0067
0.2058 0.1954 0.0064
0.2095 0.1916 0.0062
0.2151 0.1859 0.0063
0.2241 0.1849 0.0063
0.2289 0.1860 0.0085
0.2349 0.1856 0.0117
0.2424 0.1828 0.0172
0.2489 0.1802 0.0254
0.2596 0.1779 0.0365
0.26594 0.1752 0.0499
0.2823 0.1725 0.0642

mIS|o|e(e|~N o |vs|w|n =
— A& & & A& & & & &k A A &
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ICCMAX Profile Generator

* jccMAX Processing

Processing Editor

D ‘ al C u I ato r CO d e Can Paste to Table Lines: 22 Input Channels: 28 Main Stack Temp Stack Input

w)
U
T
9
S
—
1 1 1 Pu)
- 1 in(0,28) %Rm N A 2
be d e b u ed I n th e 2 copy(28.1) .65 %Rm.Rm.0.65 1| 1649000 1 08874 A| 7 03398 A\
g g 3 |smul(28) %Rm, 65*Rm 2 -171.4799 2 0.5864 3 03972 —
4 |11 .03 65 %Rm, 65Rm 1.1, 03 65 3 | -121.6265 3 0.5967 9 0.3101 (@)
too I 5 |sub(2) mul sadd(28) div(28) %Rm/ 65*Rm+ 3395 = Ri 4 0.6054 10 0.3010 E
" 6 [tsav(0,28) %main = Ri, temp 0,28 = Ri 5 0.6109 11 0.2855 n
7 |neg(28) 1 sadd(28) sq(28) %(1-Ri}2 6 0.6129 12 0.2721 '®)
8  itget(0.28) 2 smul(28) %(1-Ri)2.2*Ri 7 0.6065 13 0.2666 >y)
Q 9 |div(28) %ka 8 0.5926 14 0.2608
10 10001 mtx(0) %ka kw 9 0.5732 15 0.2539 >
code shows the 1 5 i wesa e o 5
12 |tget(0,28) sq(28) 0 2 sub smul(28) Y%ka-kw,-2*Ri"2 1 0.5437 17 0.2463 E
- 13 |1 copy(1.27) tget(0,28) sq(28) sub(28) div(28) aka-kw -2°Rin2 / (1-Ri 12 0.5269 18 0.2335 S
resulting calculator = e i o 5] ome
M1 mitx(2) mul(28) mix(3) %CMPx|Dk{ka-kw)"d50], 14 0.5124 20 0.2336 =
16 [tput(28,3) % main stack is empty, temp 28,3 = TEDk{Ka-Kw) 15 0.5032 29 0.2343
Sta‘C S L] 17  [tget(0.28) 1 copy(1.27) %Ri. Sa =1 16 0.4950 22 0.2312 é
18 |calc(4)%Matnx B 17 0.4930 23 0.2424 :|
10 |tget(28,3) solv(3,3) pop tput(31,3) %initial concentrations 18 0.4753 24 0.2552 I
20 out(0.3) 19 0.4626 25 0.2665
21 |%tget(0,28) in(0,28) tget(31,3) %Ri,Ra.init C 20 04754 26 0.3041 5
37 %ealefB) calelB) calels) calelB) calelB) outld 31 A2 21 0.4764 27 0.3420 O
< > 22 04720 || 28 03663 =

ICC DevCon 2016
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ICCMAX Profile Generator

= Current Status

o The MatLab GUI is far from complete. It lacks most
profile types, processing elements, and calculator
operations.

o Collaboration on a more complete tool would be
welcome!
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THANK YOU
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(4 iccMAX Profile Tool

Profile Settings
Profile Type:
MID
Input Color Space
Device Channels

Output Color Space

Material Channels

Output Channel Names
Channel 1

Processing Elements

Element:

£

£

28

ylw_oxd

Type:

0. Main Calc ~

--Create New--

Matrix
(Calculatorn

Delete

Open Subelements

Back to Parent Elements

Create New

MName:
Main Calc

Copy Subelements

0. Main Calc

4/5/2017

Save Profile Load Profile

Processing Editor

Paste to Table Lines:| 22 Input Channels:

28

Co ([~ |on (LA | P (W (pa | =

w

=y
=

—
pry

—
()

-
w

i
s

—
(%]

—
[=a]

-
-

=y
co

—
w

Mg
[=]

[R*]
=

d
“J

in(0,28) %Rm

copy(28,1) .65 %Rm,Rm,0.65

smul(28) %Rm,.65"Rm

11 .03 .65 %Rm,.65*Rm,1,1,.03,.65

sub(2) mul sadd(28) div(28) %Rm/ 65"Rm+.3395 =Ri
tsav(0.28) Y%emain = Ri, temp 0.28 = Ri

neg(28) 1 sadd(28) sq(28) Y(1-Rip2

tget(0,28) 2 smul(28) %(1-Ri}"2,2*Ri

div(28) %ka

000 1 mtx(0) Y%ka,kw

sub(28) %ka-kw

tget(0,28) sq(28) 0 2 sub smul(28) %ka-kw,-2*Ri"2

1 copy(1,27) tget(0,28) sq(28) sub(28) div(28) %ka-kw,-2*Ri"2 / (1-Ri

mul(28) %Dk*{ka-kw)

1 mix(2) mul{28) mix(3) %CMFx[Dk*(ka-kw)*d50],

tput(28,3) % main stack is empty, temp 28,3 = TEDk(Ka-Kw)
tget(0.28) 1 copy(1.27) %Ri, Sa =1

calc(4)%Matrix B

tget(28,3) solv(3.3) pop tput(31,3) %initial concentrations
out(0,3)

Yatget(0.28) in(0,28) tget(31,3) %Ri.Ra,init C

%calelR) calelR) calelR) calelf) cale®) outi 31
< >

~

Load Input
Main Stack Temp Stack Input Output
1 1 1
1 0.1444 1 05874 ~ 7 0.3399
2 0.1455 2 0.5864 8 0.3272
3 0.1359 3 0.5967 ] 0.3101
4 0.1283 4 0.6054 10 0.3010
5 0.1236 5 0.6109 11 0.2855
6 0.1219 6 0.6129 12 0.2721
7 0.1274 7 0.6065 13 0.2666
8 0.1398 8 0.5926 14 0.2608
9 0.1587 9 0.5732 15 0.2539
10 0.1700 10 05624 16 0.2478
11 0.1912 11 0.5437 17 0.2463
12 0.2121 12 0.5269 18 0.2335
13 0.2214 13 0.5199 19 0.2246
14 0.2318 14 056124 20 0.2336
15 0.2450 15 0.5032 21 0.2343
16 0.2573 16 0.4950 22 0.2312
17 0.2604 17 0.4930 23 0.2424
18 0.2893 18 0.4753 24 0.9552
19 0.3119 19 0.4626 25 0.2665
20 0.2892 20 0.4754 26 0.3041
21 0.2875 21 0.4764 27 0.3420
22 0.2951 22 04720 || 28 0.3663




