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Background: Kubelka-Munk Moadel

Cyan pigment ground truth data.
33 wavelength, from 380 to 700 nm, every 10 nm.
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Cyan pigment ground truth data.
33 wavelength, from 380 to 700 nm, every 10 nm.
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Background: Kubelka-Munk Moadel

Cyan pigment ground truth data.
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Background: Kubelka-Munk Moadel

Cyan pigment ground truth data.

CIE D65
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Background: Kubelka-Munk Moadel

Cyan pigment ground truth data.

CIE D65

33 wavelength, from 380 to 700 nm, every 10 nm. .
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Background: Mixing multispectral pigments

Ira = o(km(a,s,t =1, =1
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Background: Mixing multispectral pigments

IregB = ¢(km(a,s, t =1,§£ =1))
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Background: Mixing multispectral pigments
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Background: Mixing multispectral pigments

lraB =
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Background: Kubelka-Munk Mixing Model

Multispectral KM Mixing Linear RGB Mixing



Painting re-editing
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Related Work

e Digital palette based editing.

« Chang etal. 2015; Tan et al. 2016; Lin et al. 2017; Zhang et al. 2017, Aksoy et al. 2017.

original recolored

e A

5 composite

Decomposing Images into Layers via RGB-space Geometry (Tan et al. 2016)



Related Work

o Kubelka-Munk model based editing.

o Curtis etal. 1997; IMPaSTo (Baxter et al. 2004); Okumura et al. 2005; Zhao et al. 2008;
RealPigment (Lu et al. 2014); Abed et al. 2014; Tan et al. 2015; Aharoni-Mack et al. 2017
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Pigment-Based Recoloring of Watercolor Paintings (Aharoni-Mack et al. 2017)
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Problem Statement

Input:. Image pixels’ RGB colors: |. 2

N - o e
e e o)

Output: Primary multispectral pigments: H=[A|S]. Their per-pixel mmgwel hts: W
H =

T — ¢(km(WH))||7

It is under-constrained, and there are two additional challenges!



Challenge 1: Metamerism
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Solution: Smoothness Regularization

Absorption and Scattering curve of each primary pigment should be smooth.
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Solution: Smoothness Regularization

Absorption and Scattering curve of each primary pigment should be smooth.
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Solution: Smoothness Regularization

Absorption and Scattering curve of each primary pigment should be smooth.
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Absorption and Scattering’s division curve should also be smooth.

Useful for Metamerism problem!



Challenge 2: Solution Space
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Challenge 2: Solution Space

NI /5

Gamut H for Gamut H1 by Gamut H2 by
4 color points scaling H rotating H

Gamut Q for Gamut Q1 by Gamut Q2 by
more points scaling Q rotating Q
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Plgments extraction
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Plgments extraction

T — ¢p(km(WH))] ‘2 + Pigment Smoothness
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Plgments extraction

T — p(km(WH))||* + Pigment Smoothness

Fix H, solve W
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Mixing Welgnhts Extraction

Given primary pigments, find per-pixel mixing weights.

Smoothness: Each primary pigment’'s mixing weights map is spatially smooth

Sparsity: Each pixel’'s color is a mixing of smallest subset of primary pigments
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Compare to results from other models

Ours
4 pigments
RMSE: 5.2

Tan et al. 2016
4 pigments
RMSE: 23.4

Tan et al. 2016
6 pigments
RMSE: 4.7

Aksoy et al. 2017
7 layers
RMSE: ~0
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Chang et al. 2015




blue pigment -> green (ours) blue RGB -> green (Tan2016)

Original red pigment -> blue (ours) red RGB -> blue (Tan2016)



Recoloring comparison

Tan et al. 2016 Chang et al

original




Applications
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Modity weights of black/white pigment
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Modify pigment scattering parameters

Original Increase scattering Decrease scattering



Mask Selection

""""

e



t space

-
o
-
)
Q.
=

Copy-Paste




Palette Summarization - Photos

Tan2016

Color CC

Chang2015




Palette Summarization - Collections
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-dge detection and enhancement

LS O (s
= £4 —
SN & f S
b & -

on weights map on RGB original Enhancement



Conclusion



Conclusion

* Provide an efficient optimization framework to extract multispectral pigments
and their per-pixel mixing weights from given RGB painting image.




Conclusion

* Provide an efficient optimization framework to extract multispectral pigments
and their per-pixel mixing weights from given RGB painting image.

* Enable many paint-like edits of the painting, which are beyond RGB space.



Conclusion

* Provide an efficient optimization framework to extract multispectral pigments
and their per-pixel mixing weights from given RGB painting image.

* Enable many paint-like edits of the painting, which are beyond RGB space.

* Qur discussion of gamut problem and several regularization terms used in our
optimization are useful in other similar problems.
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Performance Information

Examples Image @ Pigments CPU KM KM KM
S1Z€ number primary mixing weights original 1image
pigments extraction reconstruction
extraction Time (sec) RMSE (0-255)
Time (sec)
soleil 600*467 6 core 17 35 155 1.9
autumn 600*458 5 Xeon 16 225 6.0
four colors 2 600*598 4 core 17 9 211 5.2
Impasto flower2 595*600 6 Xeon 44 615 5.1
Landscape4  600*479 S Xeon 26 256 4.7
Portrait2 600*441 6 Xeon 29 243 4.4

tree 600%492 4 core 17/ 14 151 4.0



Plgment smoothness and thickness

synthetic

iImage per-pixel

& 2

ground truth

thickness pigments 1

—&®— Groundtruth
—4— Recovered

Absorption

constant thickness
with a/s smoothness
RGB RMSE 1.24

constant thickness
w/0 a/s smoothness
RGB RMSE: 1.39

Reflectance Absorption Scattering Scattering

1.0 5- 0.25 - 50 -
0.8 4 A 0.20 40 -
0.6 31 0.151 301
0.4 21 010% 201
0.2 1 0.05 1

10+
0.0 0 0.00-
1.0 5- 0.25- 80.
0.81 41 0.201

60
0.61 31 0.151

401
0.41 21 0.101
0.21 1] 0.05- > : 207
0.0 0 0.00- 0
1.0 5- 0.251

250
0.8 4 1 0.20 -

200+
0.61 31 0.151

1501
0.4 2 0.10- 100
0.2 11 0.05 1 50
0.0 0 0.00- 01
1.0 5- 0.251 300+
0.81 4 0.20- 2501
0.6 34 0.151 2001

1501
0.41 21 0.101 100.
0.21 1 0.051 50
0.0 0 0.00- 01

varying thickness
with a/s smoothness
RGB RMSE: 0.68

varying thickness
w/0 a/s smoothness
RGB RMSE: 0.58

1.0 51 0.25
50 -
0.8 4 1 0.20
40
0.6 34 0.151
30+
0.4 2 0.10+
20+
0.2 14 0.05
10
0.0- 0- 0.00"
1.0 5+ 0.25 80 -
70
0.8 1 41 0.20 601
0.6 31 0.151 501
40 -
0.4 21 0.10+ 301
0.2 14 0.05 1 \\\m‘ 20
10
0.0- 0- 0.00" 01
1.0 51 0.251
250
0.8 4 1 0.20
200
0.6 31 0.151
150+
0.4 21 0.10 1001
0.2+ 1 0.05 50
0.0- 0- 0.00" 0+
1.0 51 0.254 300
0.8+ 4 0.201 250+
200+
0.6 34 0.151
150+
0.41 21 0.10 100-
0.2 11 0.05 >. : 50
0l 1

0.0-

0.00-

+— Wavelength —




Plgment smoothness and thickness

synthetic thickness pigments 1

image per-pixel & 2
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Pigment number influence

Number of pigments



Wavelength intfluence
i
i
AR




Wavelength influence

original 3 wavelength recovery
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Wavelength influence
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Primary pigment estimation convergence
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Primary pigment estimation convergence

Reconstruction error
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Compare to results from other models

Ours
4 pigments
RMSE: 4.0

Tan et al. 2016
4 pigments
RMSE: 10.1

Tan et al. 2016
6 pigments
RMSE: 4.5

Aksoy et al. 2017
6 layers
RMSE: ~0

Chang et al. 2015




2017 results

AKSoy et al




Recovered Ground truth

0.8

0.6

0.4

0.2

0.0

Ground Truth Test

405 445 485 525 565 605 645 685

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

485

525

565

605

645

685

1.0

0.8

0.6

0.4

0.2

0.0

[
e %o
o. .°o
° '...
°
° °
° Ceo,
o. ®e
°
®
° o0 oo
«Coooo0o0® ° o000 o0oo0
.......s.' ...‘-.. o 0,0 .o
§8Cccoome 48.... \ 0 - ......o
paat T

... ........_
BN NN

405 445 485 525 565 605 645 685




Ground truth test information

Experiments RMSE for RMSE for RMSE for RMSE for RMSE for RMSE for
recovering recovering welghts recovering  weights recovering  1mage recovering  image recovering
pigments pigments using using using using
parameters Reflectance recovered ground truth recovered ground truth
H((A/S) R pigments pigments pigments pigments

Expl 6.2/1.2 0.3 29 15.2 4.8 5.9

Exp2 1.4/0.9 0.3 19.8 11.8 6.3 4.3

Exp3 45/0.5 0.7 63 21.4 6.7 5.9

Exp4 7.1/1.2 0.6 42.3 14.1 3.5 6

EXpS 1.0/0.7 0.3 16.6 10.4 5.8 5.2

Mean 4.0/0.9 0.4 34.14 14.58 6.52 5.46

Std 2.7/0.3 0.2 18.97 4.25 1.37 0.72



Kubelka-Munk Layer Model

T2R,

R=R 4+ —1-=
1+1—R1R2

R Is Reflectance
T 1s Transmittance




