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1. Resource Discovery in Art

The growth of available digital resources increases the users' expectations
for easy resource discovery by different criteria:

* specific movement or artist,
* particular theme or composition,

* purely aesthetic influence of the paintings.

The goals of the dissertation are:

® to provide a detailed analysis of the colour theories,
especially on existing interconnections in successful colour
combinations;

e to formalize them in order to implement automated extraction from
digitized artworks.
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2. Content-Based Image Retrieval (CBIR)

Content-based image retrieval is
an area which applies methods
for self-extracting knowledge
from the image content of the
digital picture archives.

... like in Baron Munchhausen
adventure where he pulls
himself out of a swamp by his
hair.
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2. Content Base Image Retrieval (CBIR)

CBIR - three components:

® Feature design - to make mathematical description of an image for
the retrieval purposes as its signature

- features: colour, texture, salient points, shape, spatial relations...
- data reduction techniques - dimensionality, numerosity

® [ndexing - organizing in a database
« access methods

® Retrieval - the retrieval engines build the bridge between the
internal space of the system and the user making requests which
need to be satisfied

- similarity - numerical, categorical, for probabilities, for structures...

- techniques for improvement image retrieval, such as clustering,
categorisation...
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3. Art Image Content

Image space contains visual primitives, “abstract space Semantic space
needed to record an IMage thrOUgh Cultural influences Semantic units
. . THEMATIC
visual perception. e e
Emotional respondes 3D relationship
EMOTIONS SCENE
H . AESTETICS PERSPECTIVE
Semantic space is related to the Technical specifics DEPTH CUES
. . Context
meaning of the elements, their ARTIST'S PALETTES LLUMINATION
TECHNIQUES SHADOW

potential for semantic interpretation.

Abstract space reflects cultural \
influences, specific techniques, and

emotional responses evoked by an Design constructions

Image. ABSOLUTE SPATIAL RELATIONS
/ ' Geometric primitives RELATIVE SPATIAL RELATIONS
. STROKES
Perceptual primitives CONTOURS
Rl SHAPES

TEXTURES

* Inspired by EDGES, CORNERS, BLOBS, RIDGES Image space

[Burford et al, 2003] and [Hurtut, 2010]
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4. Some Examples of CBIR Systems

ACQUINE MARVEL
(for natural photographic pictures) (multimedia data)

Abstract space

Cultural influences
THEMATIC

y ARTISTIC STYLE
Emotional respondes

AESTHETICS
1 EMOTIONS

Technical specifics
MATERIALS

Semantic space

Semantic units
OBJECT NAMES

Painting classification system

Art historian

3D relationships
SCENE
PERSPECTIVE

DEPTH CUES
Context

Pictorial portrait database
Lightweight image retrieval '

Brushwork identification
Collage

MECOCO ARTIST’S PALETTES I hglﬁ:;g)\: 1) color, texture, shape, location
JECHNIQUES 2) object identification
3) semantic meaning
Picasso APICAS

Design gbnstructions
Geometric primitives ABSOLUTE/RELATIVE
SPATIAL RELATIONS

! Perceptual primitives STROKES

- Y coLoRs CONTOURS
<l SHAPES
B TEXTURES
EDGES, CORNERS Image space

M4ART for the Rijksmuseum
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5. Colour Features

® |Low level colour features, based on binning of HSL-artists
colour space

® Harmonies and contrasts from the point of view of three
main characteristics of the colour — hue, saturation and
luminance

® |ocal features based on tiling the image and applying
vector quantization of MPEG-7 descriptors over the tiles
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Aristotle, Leonardo da Vinci (1510), Lambert, Schiffermiller (1772), Goethe (1810), ..., Seurat (1886), ...

5. Harmonies and Contrasts

e Simultaneous Contrast: when colours interact, they are capable of change in
appearance, depending on particular relationships with adjacent or surrounding

colours (1839 - Michel Eugene Chevreul)

® Successive contrast: the eye spontaneously generates the complementary colour

even when the hue is absent
(afterimage phenomenon)

Successive and simultaneous contrasts suggest that the human eye is satisfied
(in equilibrium) only when the complementary colour relation is established.

e Adolf Ho
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elzel (1853-1934) :
Contrast of the Hue;
Light-Dark;
Cold-Warm;
Complementary;
Gloss-Mat;
Much-Little;
Colour-Achromatic .

Johannes Itten (1888-1967) :

Contrast of hue;
Light-dark contrast;
Cold-warm contrast;
Complementary contrast;
Simultaneous contrast;
Contrast of saturation;
Contrast of extension.



5. Examples in Art

Contrast of Hue Primary triad of red, yellow, and blue Light-Dark Contrast

Theotokos of the Passion Rogier Van der Weyden: Rembrandt:
(13th-15th ¢.) Deposition (1436) Portrait of Saskia (1633)

Cold Intense Colours Monochromatic Colour Scheme
El Greco: Purification of the Temple (1600) Pablo Picasso: Self-Portrait in Blue Period (1901)
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6. APICAS: CBIR Modules and DL

[OAIS, 2002] [OAIS, 2009]

—( Preservation Planning ) —

Descrlptlve Descrlptlve
Info Info

Management
E Archlval
: I
1

)

ITmZCwnwz200

queries
result sets

orders

I

Sto rage |«

K” ”’eT“\
9

—( Administration ) —

MANAGEMENT

e Within the context of such general digital archive architecture, CBIR-related
implementations can be seen as a module which would best fit within the
Data Management functional entity.

e |t would also have influence on Ingest (on the structure of the submission
information packages)

e (CBIR also enriches the possibilities for delivery and will influence the Access
functional entity which would accommodate more options for digital
content discovery.
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6. APICAS

The main functions:

data entry support:
choosing the collection;
setting up parameters;
selecting the LS samples;
test textual metadata;

visual characteristics extraction:

colour distribution;
harm./contrasts' descriptors;
local VQ-MPEGY7 features;

data delivery:
examining colour distribution;
multidimensional scaling;
knowledge analysis;
visualizing;
statistical and DM analysis.
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Digital repository

Images
(digital copies
or links to them)

\.

\\ |
\./

[ |
| |
[ |

\
\
V “II

Image feature
extractor

: Local VQ :
i, MPEG-7 featu res___,-E

Surrounded |
texts

Textual
metadata

Local visual
features

Metadata bank

Filtering, Batching,
Similarity measuring,
etc.

Query processing

Similarities with “example image”,
Textual requests,
Classification test tasks, etc.

Query interface

Knowledge analysis tools
PaGaNe, Weka, Orange, ...

Image sets, Graphics,
Attribute data sets, Distance files,
KA results, etc.

Visualization




6. APICAS - Data Entry Support

® Choosing the collection

® Setting up parameters and boundaries used by algorithms that calculates
colour characteristics

® Selecting the samples of learning set

® Supplying textual metadata e R e

Help About

[Working directory: D:\AP[CAS\_img_art\_img_cIass]

Contrasts | Segmentation | Other features ‘CIassiﬁcationlSettings‘ |

Write learning set

I Write examining set ] I Write all images

# Pictures list 0-DataM.Arm
Help  About

segmentation picture name artist Period learning set examining set | «

[ ‘Working directory: CAAICSS'_images\Art ]

Dogs on the leash-1775 Goya GOYA-CARTOONS
Contrasts | MPEG | Settings

Marked D

Quantization of Hue | Hunting with a Decoy-1775 Goya GOYA-CARTQONS

[0] (Red) [1] [2] [2] [4] [5] [5] [71 [8] [s] [10] [11] [12] [13] (Red) ] [l i
number of quanta: |11 0.0 7.5 22,5 37.5 52.5 75.0 1050 | [150.0 | (2100 | (2550 | (2850 | (3150 | (3450 | (360 =
Judith and Holofernes-1823 Goya GOYA-PINT.NEGRAS
Marked D
qumtatoncrsanraten IR N N
[01oul [1] [21 [31 [41 [51-Clear
number of quanta: |4 0.000 0.200 0.400 0.600 0,900 1.000 Picnic on the Banks of the Goya GOYA-CARTOONS
Manzanares-1776 |:| D
cumatenorumnncs I I Fienc onthe ganks of the Goya  GOvA-CARTOONS
[O}Black [1] [2] 131 [41 [S]-white Manzanares-1777 Marked |||
number of quanta: |4 0.000 0.200 0.400 0.600 0.800 1.000

Saturn devouring one of his sons-1823  Goya GOYA-PINT.NEGRAS
Minimal percentage of color content:
Hue: 80.00 Saturation: | 50.00 Luminance: |20.00

] Marked [}

Minirmal guantity of values of corresponded feature 1o define image as: The Fates (Atropos)-1823 Goya GOYA-FINT.NEGRAS

warm: |80.00 clear: |50.00 light: 50.00 ] ]
cold: 8000 dull: |50.00 dark: |50.00 The Fisherman with his Rod-1775 Goya GOYA-CARTOONS
Il default val [V|Marked  |[]
warm/cold contrast: |50.00 | clear/dull contrast: (50.00 | light/ark contrast: |50.00
The FI Girl, Gi GOYA-CARTOONS
iew E] Ins I 168% 15.02.2009 r.17:58:44 & Flower Lirls oya

Markad D

The Grape Harvest Goya GOYA-CARTOONS

(] [ <

15.07.2010 ¢
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6. APICAS - Calculating Features

® Calculating Colour Distribution
® Estimating Harmonies' and Contrasts' Descriptors

e Establishing Local Features, Based on Vector Quantization of
MPEG-7 Descriptors over the Tiles of the Image

e Multimedia Content Management System MILOS
(obtaining the MIPEG-7 descriptors)

e CLUTO open source software package
(clustering algorithm)
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6. APICAS - Qutput

® Visualising Colour Distribution:

- analysis of distribution of colour characteristics in the images — hue, saturation
or luminance, or combination of them

- analysis can be conducted over the whole array (all three dimensions); a simple
projection of selected characteristics; or projection of two characteristics

- the functions can be executed for: all images; for concrete movement/sub-

movement/artist.
&3 Color characteristics distribution analysis =HICIH X
Help
| Select sample image | | Type space-RYEB | o Sectioning | Hue
Feature - Hue - Sectioning by Mowvements | all v 08

Sectioning by Fainters | 02 R "B

| comparing - Euclidean Distance |

|
|
|basedDnSimpIeCulurHisthram| | Sectioning by Submavements | 0.6
|
|

| classic space | Sectioning by Years |

-1Re -Ye - Gr -Cy - Bl - Ma-

-“' ‘Whale picture - Quartiles
DAAFICASY img_ar_imo_class
Raphael - Madonna of Belvedere, 1506.jpg

Comparing with selected picture | [ Functions ] | Excel | | Clear Result File

Sectioning

ITIN - Segmentation
Characteristics
Diagonal Mid-Colors
For MDS - images
For MDS - groups

13.10.2010 r.

g
i

L Berlin View
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6. APICAS - Output

® Visualising Extracted Colour Harmonies and Contrast Features

IF Boticel - Annunciatonypg - R e )| [ e — e =l
: - Help
. Botticelli - Annunciation.jpg
0.28
domi nant hues %
0.12 1 Lt 1 1-R/0 26.70
2 = 2 2-Orange 18.50
3 : 11 11-P/R 16.80 I TR 53 [
0.12 4 : 3 3-0/Y 9.50 . R b
E
0.32 warm-neutral 4-Partial Triad |- ot \
i > 4-1/2/11/3 i b
0.16 |dominant saturations: % I
1 very dull 42.40 \%ater Lilies ﬂov(\:ter iris
2% = 2 neutral 23.50 lonochromatic warm-neutral 2 8/9 2-Analogous cold 2-8/7 2- Analogous cold 2-3/2 2-Analogous warm-cold
3 - 1 dull 17.10 L -smooth v.sharp 2-0/1 2-smooth soft-sharp 3-1/0/2 3-smooth neutral 3-3/4/2 3-smooth v.: sharp neutral
D C -smooth light 2-3/4 2-smooth light 3-3/2/4 3-smooth light 3-3/2/4 3-smooth light I
clear-dull 3-smooth |
3-0/2/1 | .
dominant luminances: % A \
: ver{ dark  36.90 | § "-ﬂ
Z = 32.70 : k: e " o N
E Ll
3: 2 middle 17.40 fh;loucl’é? ELAJD AT PONT-MARLEY 'Tu"é::& iTurne e (31) !
. 2-3/2 2- Analogous warm-neutral 4-8/3/2/7 4-Partial Triad cold 1-2 onochromatlc warm-neutral 2-3/2 2-Analogous warm-neutral
middle 3-smooth M | 3-3/4/2 3-smooth v.sharp-neutral ~ 3-1/2/0 3-smooth sharp-soft 2-1/2 2-smooth sharp-soft 2-1/0 2-smooth neutral
3_0/1/2 - 3-3/4/2 3-smooth Ilgh 3-3/4/2 3- smooth Ilght 2-3/4 2 smooth light 2-3/4 2-smooth light
| ‘ P
| “
Results of calculating of harmonies/contrasts i . '
urner Turner Turner T
f t h . t "A . t- n b B tt ] I I L] I% ié % Analo ous vt4a|'|m neutral ; gf{é/a 4- Ptar:tlal Tf{lad warm-neutra}g/% éonochtrr(‘)matlc warm-neutral % %/Ze%(?nalo ouﬁ warmﬁcold
or the picture "Annunciation By botticelll 3373 Samocth g T3 momeianss gt 3303 32mocth tone ™ R
L
View (=) 04.07.2010
L e — —

Result of retrieval from the image base with parameter:
"Dark/light contrast = Light"

_IFj Berl n (includes "smooth light" and "monointense light")



e Visualising the Results of Clustering

6. APICAS - Output

[E1 Pictures list  based on MPEG-7 descriptors.

(=] i

| Pictures list based on MPEG-7 descriptors

Help  About

[ working directory: D:\APICAS\ img_art\ img_dlass |

| contrasts | Segmentation | Other features| Classification | Settings|

Name of the text file, which contains names of the pictures in the learning set
D:\APICAS\_img_art\_img_class_test\_p-all.csv

| Clustering - Cluto
View tiles, clustered by Cluto
| Processing rest of the images

] Scalable Color
] Color Layout
] Color Structure
[*] Dominant Color
[7]Edge Histogram

[7]Homogeneus Texture

| Files for PaGaNe HocH
[Floc-s
| PaGalle —

| Statistical analysis

Which tiles will be given:

LR: All tiles
MPEG7: 3-Color Structure Number of tiles by width: 5
tiles by width Number of tiles by height: 5
tiles by heigh
cluster No: =2 Def. coef. clust. nums: 2
number of tiles number of clusters: 20

in this cluster=21

Level of significance: 5

[T1KA env. is WEKA
[ File for M8

100 dmz Ot Sy
o= 205

72

100N Jmz et By
toe 3

HICONFeraga S

2

HICON P At
2203, Mmoo
22

S1100M% Ot Pt

(Byzantium), 1400, Woodjpg veripg

52 03

|E—

il
MOt Ses) 0N prrrem—
= "
=2 w2 52
i i

IO 75 Pres . O 355
2 52 =2
ICOVFwge Orsts¥e  ICONS Dmvetnm T SICONTIe Amustion3
e oo (Bakan, 190, Wt 5
=2 22 =2

Syzsrtiom), 140 Wootp
7.2

(-] ——

ins 26.0420101.

Help  About

[ working directory: D:\APICAS\ img_art\ img_dass

Contrasts | Other features| Cl | settings|

Name of the text file, which contains names of the pictures in the learning set
D:\APICAS\_img_art\_img-od\_p-all.csv

Clustering - Cluto 9] Scalable Color

[¥] Color Layout
View tiles, clustered by Cluto [¥] Color Structure
[¥] Dominant Color
Processing rest of the images

[¥] Edge Histogram

[¥] Homogeneus Texture

Files for PaGaNe [CIocH
[Ioc-s
PaGalle o

Statistical analysis Which tiles will be given:

LR: All tiles

N

Number of tiles by width:

F

Number of tles by height:

Def. coef. clust. nums: 2

number of clusters: 20

Level of 10

Tiles most closer to cluster centroids
MPEG?7: Color Structure tiling=4x4 clusters=20

11ICON-Panagia Agios  34Friedrich-043.pg
itofanOldMan (Th oritissa 1, Moscow.
1 2

13Rembrand - Portra

12Pissarro-The Sheph
erdess, 1881.jpg
7

21Raphael - Madonna
of Belvedere, 1506.)
5

31Rubens - The Peace
of Angers, 1621.jpg
6

33Goya-Dogs on the |
eash-1775.1pg
1

12Caravaggio-Salome 135isley - Smal Mea
with the Head of St dows in Spring, 1881
12

13Vonet-Water Liles

[T]KA env. is WEKA
[CIFile for MB

View.

12Botticeli - Lamen
tation over the dead
16

1 -sis
tine Chapel - Creati
15

(The Clouds) , 1503
17

43Pissarro-Morning O
vercast Weather Roue
18

41Botticeli - PRIMA
VERA.JPG

14

34miro-19.jog
1

03.06.2010 1.

5x5 tiles, belonging to cluster No:2
of Colour Structure Descriptor

Berl n
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6. APICAS - Connections with other tools

® Multimedia Content Management System MILOS
(obtaining the MIPEG-7 descriptors)

® CLUTO open source software package
(clustering algorithm)

e Open component-based DM and ML software suite ORANGE
(multidimensional scaling)

e Waikato Environment for Knowledge Analysis WEKA
(classification algorithms)

e DM environment PaGaNe
(class-association rule classifier PGN)
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Interoperability in DM

Data mining gradually became an emergent technology across multiple
industries and sectors. Such expanded and enlarged use means that it is
necessary to design a data mining environment which meets the
following requirements [Kouamou, 2011]:

data interoperability (currently each system uses its own notation for
data entry, for instance C4.5-standard, arff-standard, etc.);

openness for adding new algorithms to the environment;

modularity in order to allow combining of different techniques that
became a part of a global process;

the modules must allow use by different systems, not only a closed use
within their own environment;

user flexibility and possibility to guide the entire data mining process.

XML-based languages, esp. PMML (Predictive Model Markup Language),
which provides a standard way to represent data mining models which
allows sharing between different statistical applications.

Berlin
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Conclusion

® \We have proposed architecture of an experimental CBIR lab-system, aimed at
analyzing different types of visual features, which strive to narrow the semantic
and abstraction gap between low-level automatic visual extraction and high-level
human expression.

e We have explained the structure and functionality of the software system "Art
Painting Image Colour Aesthetics and Semantics" (APICAS).

® The vividness of proposed features will open the door for indexing and searching in
paintings repositories, according to such characteristics of their content.

® Some challenges:

- |t was difficult to choose a colour model as a basis (final decision was to
combine 3)

- Multiple data mining tools exist but making controlled experiments with them
requires tweaking of data (lack of data interoperability - currently each system
uses its own notation for data entry, e.g. C4.5-standard, arff-standard).
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