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PrintArt

e Collaboration between
— Instituto Superior Tecnico (Tech University of Lisbon)
— Faculdade de Letras (University of Lisbon)
— National Tile Museum (Lisbon, Portugal)
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PrintArt

e System for organizing art image databases
— Image annotation

— Image retrieval
e Text query
* Image query

 Focus on Print and Tile panel images
— Etching, engraving, lithography, etc.
— Important for arts and art history
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Global Image Annotation

Query image:

i

1. Initial annotation: Black and white print, Italy, XV century, Christian Art. Angel. Donkey.
Robes, Saint Mary Blessed Virgin, Sain Joseph
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Image Annotation

POSES

2. User correction: infant Jesus Christ, XVII century
3. Fixed annotation: Black and white print, Italy, XVII century, Christian Art,|Angell Dnnkeﬂ
Robes. Saint Mary Blessed Virgin. Saint Joseph Infant Jesus Christ!

flight into Egypt, Print by Pietro de Po, Paint by Nicolas Poussin
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Image Annotation & Print Retrieval

3. Fixed annotation: Black and white print, Italy, XVII century, Christian Art,|Angel||! :]{mkeﬂ
Robes, Saint Mary Blessed Virgin. Saint Joseph Infant Jesus Christ.
flight into Egypt, Print by Pietro de Po, Paint by Nicolas Poussin

4. Image returned.
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Image Retrieval

e Que Y. “Jesus Christ”, “Saint Mary Blessed Virgin”.and “Saint Joseph™.

The system then returns the following images:

User selects the last image above as the target image, and search is done.
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Sensorial Gap

SCENE:
Crucifixion of»
Jesus Christ

photograph

IE)> LOSING INFORMATION —

3D > 2D, Color > Black and White, Texture > Textureless, Smooth > Tiles, ...
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Sensorial Gap

b) Changes: background, the whole scene suffered a mirror transform; similarities:
poses and textures of main subjects
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Sensorial Gap

¢) Changes: background, the whole scene suffered a murror transform. and one of the
subjects 1s positioned at a different place: sinulanties: poses and textures of main subjects
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Semantic Gap

THE ANNURCIATION

BARTIST: ABRE&HAK DE BRLUYN
FIETER W&N DER BORCHT

1563

Annotations can
change, depending on
the Art Historian

EDIMRY: EMGHRAYING
CLASSIFICATION: PRINT

UBJECTS: BLACK AND WHITE PRINTS
CHRISTIAN ART
RELIGIQUS SYMBOLISMS
MARRATIWVE CYCLES
ANHURCIATION

ANGELS

WIRGIHS

INTERIOR WIEWS
CANCPY BEDS

CAHINETS

FORTABLE DESKS
SCEPTRES

LILY

VISIONS

DOVE

SUERIECT PERSON: SAINT MARY BLESSED WIRGIN
= AHGEL GABRIEL

PERIO D/STYLE: HNETHERLANDISHELIROPEAN
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Methodology: Random Walk

* Similarity graph +
— Training image
appearance: x

— Test image appearance: x
— Label: ¥
— W: adjacency matrix

“r(j‘?‘j - Iy{}r‘i'.- }r__i":l X I‘I‘(xz*xj) bt I..E{xj"i‘j

* Random walk (k steps)
Trp = [[x':"'"lj'? }-":"'"1:' | (x':'-"if}? },{?nﬁﬂj]
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Methodology
Annotation and Retrieval

Probability of an annotation given a test image

R K

p(y[x) = ZZP (15 k |}L‘3F~ph|h':"

r=1 k=1
Where the probability of a random walk sequence (Markov process) is

p(Trk]xX) = [[[ yD) (xR (k) 3
k

= [T 72 2 iy xRy )

Annotation: weighted sum of annotations

* likelihood of a given annotation is the probability that the random walk
reached the image of that annotation

Retrieval
Xy, = max p(yeX)p(X)/p(ye)
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Methodology
Image Feature and Annotation

Image feature: Scale Invariant Feature Transform (SIFT) [Lowe, ucvoa]
Image Representation: Hierarchical Bag of Features ister cvpros)
Image Similarity

I, (x;,%;) = 2= >y, min(z;(d), z;(d))
Label representation: binary vector (presence or absence of a
visual class)

e 1 multi-class problem
e 21 binary problems

Label Silnilarity
i () <slr.g—1] Z."lf rag) drg—1)
yh 'jjfﬁ’( ! 1"] — '1,. =1 }'LI A ! AU =

IR
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Experiments

Bag of Features

e Support Vector Machine (SVM) [Vapnik 98]

e Random Forest (RF) Classifiers [Breiman 01]
 Trained class by class with one vs. all scheme
* Same image representation

Database with 307 images

10 fold cross validation (90% training, 10% test)

Retrieval
|A|

. A
precisionp = —| and recallp = .

n B
Annotation

Wy W
. and recalla = —.
":'!"rr-!rfu '“'1”

precisiong =



SVM

0

22

RF

0.30

ieval
Random Walk

Retr

0.3

Table 1. Retrieval performance.
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Annotation

Table 2. Annotation performance.

Models Random Walk | RF | SVM
Mean Per-word Recall 0.51 0.40 | 0.12
Mean Per-word Precision 0.30 0.23 | 0.52
Human Theme: Rest flight Egvpt Theme: Magi Theme: Annunciation | Theme: Baptism of Christ Theme: Flight into Egypt
Annotation | angels floating, Christ cluld, Christ chuld, Mary, Gabriel. Lilly angels floating, Christ angels floating, Christ child
Mary, st. Joseph, wing st. Joseph, wise men Mary, wing dove. st. Frances, wing Mary, st. Joseph, wing
Eland Walk Theme: Rest Flight Egypt Theme: Magi Theme: Annunciation | Theme: Baptism of Christ Theme: Rest Flight Egypt
Amnnotation angels, angels floating, angels, angels fioating, angels fioating, dove, angels, angels floating, angels, angels floating,
Christ child, donkey, Christ cluld, Mary, Gabriel, Lilly, Mary, Christ, dove, shepherd, Christ child, donkey,Mary
Mary, miracle. . palm tree Melchior, shepherd, st. Joseph, Melchior, vase, wing, st. Elizabeth, st. Frances, miracle.. palm free,
st. Joseph wing, wise men Wise men wing, Zacharias st. Joseph, wing
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Conclusions

Better retrieval and annotation performance than state-of-the-
art models

SVM shows better precision than our model for annotation (but
worse recall)

Dependencies between labels (cannot have Melchior in
Annunciation, for instance)

Image features: try others (wavelet, curvelet, etc.)
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