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Color transfer domain

Objective of color transfer

Color transfer aims at modifying the look of an input image
considering the illumination and the color palette of a reference
image (e.g., considering statistical characteristics of the light and
color distributions, histograms, gradients, etc.).
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State-of-the-art global methods

e [Reinhard et al., 2001]
e Linear mapping
Lag
Diagonal covariance matrix
Gaussian distribution
e [Pitié et al., 2007]
e Linear mapping as a solution to Monge-Kantorovich
optimization problem
e CIE Lab
¢ Non-diagonal covariance matrix
¢ Gaussian distribution
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State-of-the-art local methods

e [Tai et al., 2005]
e Linear mapping: [Reinhard et al., 2001]
o Lap
e 3D image clustering
e Cluster mapping: maps the closest clusters in terms of their
luminance channel values
¢ Gaussian distribution (cluster-wise)
e [Bonneel et al., 2013]
Linear mapping: [Pitié et al., 2007]
CIE Lab
Image clustering in terms of the luminance channel
Cluster mapping: shadows to shadows, midtones to midtones,
highlights to highlights
e Gaussian distribution (cluster-wise)
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[Reinhard et al. 2001] Reference image
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Luminance Histogram
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Limitations

[ Style inconsistency

[ Gaussian distribution

Clustering on the same
color space components iy
for input/reference images L [Pitie et al., 2007]

Over-saturation or
lack of contrast

[Relnhard et aI 2001]
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Objective

Our objective

Transferring the light and color features of a reference image to an
input image with respect to the reference style features. Obtaining
a naturally looking image which style features are as close as
possible to those of the reference style.

Style notion in our context

In our method, style in images is characterized by two features:
color and light.
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[Bonneel et al., 2013]
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e Classification of the input and reference images

o Light-based style images
e Colors-based style images
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e Classification of the input and reference images

o Light-based style images
e Colors-based style images

e Two ways of clustering:
¢ Luminance channel
e Luminance-Hue distributions
e Four mapping policies: Light to Light, Light to Colors, Colors
to Light, Colors to Colors

Style-aware robust color transfer H. Hristova, O. Le Meur, R. Cozot, K. Bouatouch



Introduction ethod Summary

oe
Contributions

Classification of the input and reference images
o Light-based style images
e Colors-based style images
e Two ways of clustering:
e Luminance channel
¢ Luminance-Hue distributions
e Four mapping policies: Light to Light, Light to Colors, Colors
to Light, Colors to Colors
Evaluation of the results

e Subjective user study
¢ Objective metrics

Style-aware robust color transfer H. Hristova, O. Le Meur, R. Cozot, K. Bouatouch



Our method Summar
©00000000000000

Algorithm

Outline

@® Our method
Algorithm

Style-aware robust color transfer H. Hristova, O. Le Meur, R. Cozot, K. Bouatou:



Our method
0@0000000000000

Algorithm
Framework
light, colors
>Classification [<—
+ 2
Input »| Clustering Input §
image clusters = Manpin
g‘; olIi)(l:)ie;g
Reference »| Clusterin Reference B P
image 2 clusters é’
>(Classification f<€—
light, colors
\
Final Chromatic Color Set of corresponding
image adaptation transfer clusters

Summary

H. Hristova, O. Le Meur, R. Cozot, K. Bouatouch

Style-aware robust color transfer



mm

Our method
00@000000000000

Algorithm

Automatic image classification system

Colors-based style images

Images which color information is sufficient enough to well-define
at least two different and significant colors.
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Automatic image classification system

Li based style images

Images which are not classified as colors-based style images are
classified as light-based style images. Their light features are more
meaningful than their color features.

Luminance Histogram Lh distribution

L channel
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Clustering: Gaussian mixture models

Light-based style image Colors-based style image

Luminance histogram
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Pseudo code algorithm

fork=1,...,N do °

if Light to Colors then
I;ap = FindDarkestCluster()
Jiab := FindColdestCluster()
end if
if Colors to Light then
I ap := FindColdestCluster()
Jiab = FindDarkestCluster()
end if
if Light to Light then
I;ap = FindDarkestCluster()
Jiab := FindDarkestCluster()
end if
if Colors to Colors then
[ILab. Jrab] := FindMinDistPair()
end if
Oy ap := PerformTranspOnAB (/1 ap, Jiab)
Exclude ILch
Exclude JLch
end for

Ofi?! = CATLocal(Oygp, Jrgs)

Darkest cluster - the cluster
which centroid has the minimum
luminance value

Coldest cluster - the cluster
which centroid has the
maximum hue value
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Mapping policies

for k=1,...,N do

if Light to Colors then
I;ap = FindDarkestCluster()
Jiab := FindColdestCluster()
end if
if Colors to Light then
I ap := FindColdestCluster()
Jiab = FindDarkestCluster()
end if
if Light to Light then
I;ap = FindDarkestCluster()
Jiab := FindDarkestCluster()
end if
if Colors to Colors then
[ILab. Jrab] := FindMinDistPair()
end if
Oy ap := PerformTranspOnAB (/1 ap, Jiab)
Exclude ILch
Exclude JLch

end for
(0]

firal == CATLocal(Orgs, Jrgn)

Darkest cluster - the cluster
which centroid has the minimum
luminance value

Coldest cluster - the cluster
which centroid has the
maximum hue value

Light to Colors
e Input light-based style
image
o Reference colors-based
style image
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for k=1,...,N do

if Light to Colors then
I;ap = FindDarkestCluster()
Jiab := FindColdestCluster()
end if
if Colors to Light then
I ap := FindColdestCluster()
Jiap = FindDarkestCluster()
end if
if Light to Light then
I;ap = FindDarkestCluster()
Jiab := FindDarkestCluster()
end if
if Colors to Colors then
[ILab. Jrab] := FindMinDistPair()
end if
Oy ap := PerformTranspOnAB (/1 ap, Jiab)
Exclude ILch
Exclude JLch

end for
(0]

firal == CATLocal(Orgs, Jrgn)

Darkest cluster - the cluster
which centroid has the minimum
luminance value

Coldest cluster - the cluster
which centroid has the
maximum hue value

Colors to Light

e Input colors-based style
image

e Reference light-based style
image
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Mapping policies

for k=1,...,N do

if Light to Colors then
I;ap = FindDarkestCluster()
Jiab := FindColdestCluster()
end if
if Colors to Light then
I ap := FindColdestCluster()
Jiab = FindDarkestCluster()
end if
if Light to Light then
I;ap = FindDarkestCluster()
Jiab := FindDarkestCluster()
end if
if Colors to Colors then
[lLab. Jrab] := FindMinDistPair()
end if
Oypap = PerformTranspOnAB (I ap. Jiab)
Exclude ILch
Exclude JLch

end for
(0]

firal == CATLocal(Orgs, Jrgn)

Darkest cluster - the cluster
which centroid has the minimum
luminance value

Coldest cluster - the cluster
which centroid has the
maximum hue value

Colors to Colors
e Input colors-based style
image
o Reference colors-based
style image
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Color transformation

for k=1,...,N do e Color transformation between
if Light to Colors then each two corresponding clusters
I;ap = FindDarkestCluster()
dJ_éab := FindColdestCluster() e Carried out on the a and b
end |
if Colors to Light then channels of CIE Lab

I ap := FindColdestCluster() I .
Jiw "= FindDarkestCluster() ® Closed-form solution: solution to

end if Monge-Kantorovich's

if Light to Light then NI
I := FindDarkestCluster() optimization problem

endJﬁab = FindDarkestCluster() ® Non-diagonal covariance matrix

if Colors to Colors then between the channels of the
[ILabv JLab] = FindMinDistPair() color space

end if

Oyap := PerformTranspOnAB(/Lap, Jiab)
Exclude ILch
Exclude JLch

end for

Ofi?! = CATLocal(Oygp, Jrgs)
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Color transformation

for k=1,...,N do e Color transformation between
if Light to Colors then each two corresponding clusters
I;ap = FindDarkestCluster()
dJ_éab := FindColdestCluster() e Carried out on the a and b
end |
if Colors to Light then channels of CIE Lab

I ap := FindColdestCluster() I .
Jiw "= FindDarkestCluster() ® Closed-form solution: solution to

end if Monge-Kantorovich optimization

" LII%?; ti II_:Ii%}:itDt::rire]stCIuster() problem

endJﬁab = FindDarkestCluster() ® Non-diagonal covariance matrix

if Colors to Colors then between the channels of the
[lab. Jiab] := FindMinDistPair() color space

end if

Oyap := PerformTranspOnAB(/1ap, Jiab)
Exclude ILch
Exclude JLch

end for

Ofi?! = CATLocal(Oygp, Jrgs)
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Chromatic adaptation

for k=1,...,N do ® Adapting pixel-wisely the colors
if Light to Colors then of the output to the reference
I;ap = FindDarkestCluster() . .
Jiab = FindColdestCluster{) illuminant
end if . . “ . . "
if Colors to Light then ® [nput illuminant: “white image
IJLab := FindColdestCluster() obtained by performing Gaussian
.= FindDarkestCluster .
end if 0 low-pass filter

if Light to Light then

o . . . .
ltas = FindDarkestCluster() Reference illuminant estimation:

Jiab := FindDarkestCluster() Gray World assumption
end if
if Colors to Colors then ] [FSDP14' HCWXW06]

d[!#abv Jiab] := FindMinDistPair(} ® Local CAT algorithm [KJF07]
end |
Oyap := PerformTranspOnAB(/rap, Jiap) ® Avoids undesired color
Exclude /¢ i h I
Exclude Jjop saturation, prevents the result

eongnaflor CATLocal(O e from becoming flat and reduces
b = 0cal(Orgp, Jrgs) false colors in the result
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Subjective evaluation

® 15 users Froorss R

Input: Result: Reference:

® Results from 4
state-of-the-arts

® Results from our
method

® Style match

evaluation

® Aesthetic
pleas' ngness How do you evaluate the match in the styles of images Result and Reference?
eva | u ation bad - poor - acceptable - good « excellent

® 5-point scale oo acespiabe. oo - oxcalont
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Subjective evaluation: the analysis
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e Box-and-Whisker plots
e Paired T-tests
e Correlation between the two scores
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Evaluation

Objective evaluation

SSIM

It measures the degree of artifacts in the result. It is applied
between the input image and the result.

S(Xay): f(C(X7Y)7S(XaY)) (1)

The luminance component is removed from the computation of the
metrics leaving the structural and contrast components.

Bhattacharya coefficient

Measures the distance between the result/reference histograms
[ATR98] of the components of CIE Lab color space.
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(a) Our method (b) Pitié et al. (d) Reinhard et al. (c) Bonneel at al. (e) Tai et al.

e Joint distribution of SSIM and Bhattacharya coefficient
e Paired T-tests
e (SSIM, Bhattacharya) = (1, 1): optimal for the pair
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Summary

New method for style transfer for a wide class of image pairs

Automatic image classification

e Four mappings policies

Subjective and objective evaluations

Future work

e Enriching the image feature space
¢ Finding a connection between the subjective user study and
the objective evaluation
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More results and information on

http: //people. irisa. fr/Hristina. Hristova

Paris-to-Istanbul
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