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About KIK-IRPA

One of the 10 Federal Scientific
Institutions in Belgium

e Devoted to the study,
conservation, documentation
and valorization of the cultural
and artistic heritage of Belgium

e Paintings, sculptures,
tapestries, manuscripts,
precious objects, buildings, ...




Belgian Art Link and Tools: BALaT

balat.kikirpa.be

A library of +1 million photos documenting Belgian cultural heritage



BALaT example

=

[© KIK-TRPA, Brussels

{Belgium), cliche GOO3062] ﬂbject number:
10002166
Tvpe of object:
char de procession
Institution:
Eglise Sainte-Waudru[Mons]|
Institution place:
Mons|localite
Creator:
Ghienne, Alexandre (sculpteur)
Date: 1779 - 1782
Midavaine. F. ], (sculpteur)
Delhove, | F. (orfevre)
Beghin, Jean Francols Joseph (doreur)
de Bettignies, Constant Antoine (doreur)
Material:
orme| bois], tilleul[bois], fer, cuir
Technique:
Date:
1779 - 1782

Car d'or

Dimensions:

hauteur: 315 em

largeur: 530 cm

profondeur: 230 cm

Description:

Chronogrammes originaux rediges par A, Fonson 1781,
Fréne, tilleul peint en blanc et dore.

Iconography

Names

angelot

ange avec attribut

Attribute: reliquaire[attribut]
Object: grotesquesfornement]
Object: téte de lion[ormement]
Ohject: guirlandelornement]
Object: cartouchelf]

Object: acanthelornement]
Object: branche[ormement]
Object: bande(textile]

Object: fleurfornement]

[© KIK-IRPA, Brussels (Belgium), eliché
ADB1126]

Belfort van Gent

Object number:

130682

Type of object:

tekening

Institution:
Uu]]eqe_Smt-Linrim‘uh‘aurm.sm_t-
Barbaraklooster

Institution place:
Gent[deelgemeenta]
Creator:

de Chirag, A. (tekenaar)
Date: 1801 - 1900
Inscription:

signatuur, getekend, rechts onder: : A. de

Chirac
Malerial:
paplerinl
Technigue:
getekend
Date:

1801 - 1900
Dimensions:

Iconography
Institution: BelfortiGent]
Ohject:




Why BALaT needed a redesign

BALaT Today What's Needed
(@ )
Time for a Q= _
change... (3 P— e

i

User-friendly design
Accessible for non-experts

Expert-only usability

You need to be a domain expert to use it well

Confusing search
Search is to complex and overly precise

Old tech stack

Built in PHP, hard to maintain or extend

Intuitive search
Flexible, smart, and forgiving

Maintainable code
Modern, modular, easy to update

QE O P

Rigid architecture Extendable system
Tied too tightly to the CMS, limits flexibility Add new data types easily

¥ X 00



BALal NL FR EN
Belgian Art Links and Tools

Q SEARCH &= CONTACT % ONLINE RESOURCES @ HELP

+ ALL DATABASES & PHOTO LIBRARY & LIBRARY & PEOPLE & INSTITUTIONS

& Photo library Around 750 000 photo negstives show all aspects of Belgian art heritage

Search by fields General search v Order Copyright @ FAQ
Place | ? 82 Creator | ? 5]
Institution ¥ 5} Role of creator | ? B
Emplacement / Address ? Title / inscription | ?
Object number ?
: Period from to ?
Negative number _ ? )
Style/SchoolEthnic group | ? 8
Inventory number i
- : Iconography | ? 5
Type of object ? 25|
Iconography person | ? 8¢
Material ? w
. _ Christian iconography. | ?
Technique _ _ ? 22|
Place of production | ?
Only with color photos O



New BALaT+ online next week!

Home Search ~ Experimental ~ Online resources Info ~  Docs NL FR EN




The (near?) future: Al for knowledge discovery

Advanced OCR

]

Al

Rl

Apply A.l. to OCR documents using specialized models
even capable of incorporating a textual description of
schemas and images present in the document.

Or in @ more traditional way, use A.l. to correct the
mistakes generated by standard OCR software to
increase the quality of the final document.

Contextual Translations

O
Title (NL): Dutch Title -
Title (FR): -
Title (EN): English Title
Title (FR): l
Titre en Frangais
Title (EN):
| English Title

Contextual translations with A.l. using complete records
context for accuracy. Investigate methods to use vocabularies
as prefered translations by A.l.

Retrieval Augmented Generation (RAG)

]

-

Large
User QUEW Langugage DOCument
Model Database
& J
Fd
Answer

Convert a user's "phrase-like" question to a query with LLM,
search a large document database for relevant results and
use those results to formulate an answer with LLM.

Creating a user-friendly way to interact with large knowledge
datasets, structured or unstructured.



The (near?) future: Al for knowledge discovery

Metadata Enhancement

andscape

trees
_) -
19th century

[mlon canvas]

£

Using A.l. to enhance or add extra metadata.
For example for images, using computer vision
to detect and recognize elements. It can offer

us descriptions, regions of interest, color palettes,
segmentation and much more,

Important to note that a human validation step
will be necessary before data goes to production.

Reverse Image / Similar Images Search

Convert images

Matches
Vector b
Embeddings Database SCmage

c@ g > (o
—
Extract features —

Returns
parent image

5 [@]-

Setup vector image database
Search in the vector database

Using A.l. to detect parts of an image. Split the image up and for each sub-image extract features to
create embeddings to save in a vector database together with the original image.

Structure the sub-images as children of the original parent image.

A search can now return similar images, even if only a specific part of a result matches the query image.



Content-based
I - : v-w ‘k ﬁ'
image retrieval for 4’"
the visual arts Sl T
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Challenge: the semantic gap

[187 29 241 203 248 231 171 27 186 199 84 172
|zza 187 159 172 197 146 249 117 33 170 80 66 §§
157 165 73 209 222 114 93 171 191 256 131 48 P*[13
186 134 35 82 98 95 223 37 36 115 220 231 gg 25
36 137 234 159 98 178 155 118 44 114 225 167 | [39

6 101 135 82 41 190 30 104 64 137 123 34 |5, (59
131 175 96 101 139 134 142 196 17 29 248 32 [0 (84
147 243 108 184 98 56 40 114 18 92 205 113 [, |16
251 65 117 75 112 3 85 192 140 72 211 73 [, |73
151 20 140 217 71 168 99 255 47 187 124 122 |5 (98
28 254 93 22 53 162 108 160 133 101 88 39 [g5 [21
48 167 113 53 52 141 210 212 176 254 47 240 |go |48

3 24 3 211 173 197 46 76 203 223 127 231 [z [V
14 241 59 76 15 17 192 75 208 168 119 136 l46 (03
164 79 98 37 66 255 66 37 138 183 39 184 |14 |19
139 26 157 44 219 97 38 188 41 95 117 70 |78 [%©
155 121 86 84 119 112 239 120 145 202 74 29 |17 3;
74 32 229 228 238 19 252 216 236 25 175 58 [87
166 126 228 132 233 4 228 76 120 © 221 7767 |2

3 211 125 64 2 229 235 145 53 228 54 16 [65
143 240 161 198 121 121 176 148 5 96 233 236 [

How to mathematically define visual similarity?




Basic CBIR setup

Query image

Query embedding

—_|

Feature
extractor

- A= T |

e

Reference

101011
101010
101001
101111

101110

Pairwise
similarity
measure

|

Retrieved images

12



Example 1

Madonna and child
Andrea del Verrocchio, ca 1470

13



0 piero-della-francesca_virgm-and-child jpg 2 gavanni-bellni_thevirgin-and-child-mith-st-peter and-st-sebastian jpg 3. pietro-peruging_madenna-and-child jpg
isim=0_883)

4 dirk-bouts_the-virgin-and-child jpg
isim=0871)

isim=0 878)

(sim=0 B72}

1 filippo-lipps_seven-saints- 1450 jpg
[sim=0 B81)

5. pavel fedetov_portrait-of-o-p-zhdanovich-1847 jpg
fsim=0.870}

6. vittore-carpaccio_madonna-and-
{5im=0.870,

1. wilkam-adaiphe-bouguereau_the-madonna-of the-roses-1903 jpg 8. piero-della-francesca_madonna-of-senigallia-with-child-and-two-angeksi1) jpg 9. wilkiam-adalphe-bouguereau_the-madonna-of the-lilies-1899 jpg

(sem=0 870) {em=0867) {sim=0.8008)

blessing-child-1510.jpg
]
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Limitations of standard CBIR

e Only one subjective definition of visual similarity, depends on
feature extractor

e “Take it or leave it’

e No way to interact or explore the collection

15



How to define similarity?

BALaT Picture x040206
Lamentation of Christ by Mary and
John, Peter Paul Rubens

16



Focus on the user intent

e Identify an unknown artwork

e Explore a visual theme: artworks with
the same
o style

composition

iconography

color palette

repeating pattern

O O O O O




Query images
with relevance

feedback

Qgery embeddings

\

111010

100010

101010

|

Reference database

r---

Feature
extractor

PA—

Reference

embeddings

7

101011

101010

101001

101111

101110

Interactive CBIR

Similarity
measure
w.r.t.

positive \

and
negative
queries

Retrieved images

18



Example 2

Lamentation of Christ by the Virgin
Mary and St John
Peter Paul Rubens, ca 1615

19



0. pater-paul-rubans_the-holy-family-with-st-slizabeth-1615 jpg 1. peter-paul-rubens_lamentation.christ-on-the-straw-1618 jpg 2. paclo-veronase_dead-chaist-supported-by-two-angels jpg 3. anthony-van-dyck_the-lamentation-1620 jpg 4 hans-mamiing_descent-from-the-cross-left-hand-panel-from-the-deposition-diptych-149
(sm=0 863} 3 56)

sim=0.855) {sim=0.850)

gels [pg

7 lorenzo-lotto_pesta jpg
0 B28)

|sem=

5 tintoretto_lament
'S

ation |pg
(sim=0 8451
:

6. anthony-van-dyck_the-lamentation-of christ jpg
(sim=0 848)

20



0. pater-paul-rubans_the-holy-family-with-st-slizabeth-1615 jpg

2. annibale-Camacc_venus-i

riated-by-a-satyr-a-nuda jpg 3 bntoretto_lamentation-over-the-dead-chnst jpg
868) {sim=0.867)

5. jacob-ordasns_the-sacrifice-olisaac-1630 jpg 6 pasko-veron -chrst-1542 jpg
(sam=0 B63

8 peterpaul-ny mbment-1612 jpg

9 maertenvan-heemskerck lamentation-on-the-dead-chrst- 1566 jpg
i




2 john-singer-sargent bedouing jpg 4. rogi - yeden_group-
sim=0.075) sim=0.074)

the-iifs ord-pesus-christ-1894 jpg
{sam=0. 0831

1. viadimir-dimitrov_unknown-title-1 jpg

3 kuzma-petrov-vodion_theatre-farce jpg
{sim=0.074)

5. bons-kustodiey_portrait-of-a-prest-and-a-deacon-1907 jpg
(sam=0 0731

9. oskar-kokoschka_not_detected 235847 jpg
sim=0 064)

& kuzma-petrov-vodkin_theatre-drama jpg
{sim=0.G06}

& konstantin-makovsky matchmaker |pg
072




2. coreggic, venus-5a
lsim

vd-cuped-1528(2) jpg
A5)

1. tintoretto_mercury-and-the-graces-1577 jpg
fsim=0.345)

3 william-adolphe-bouguersau_the-first-maurming-1888 jpg
{ j

0. annibale-carracci_not_detected 234536.jpg

aE}

4 raphael_gatatea-detai-of putto-and-dolphins-1506 jpg
m=0.329)

B peter-paulrubens_the-trumph-of-truth- 1625 |pg
{sem= 0,326}

6 theodore-gericault_the-kiss jpg 7. anthony-van-dyck
&

ar-and-antiope pg
5 jacopo-pontormo_venus-and-cupsd jpg (sem=0 328} (sem 28)

9 gustave-courbet_the-sleepers-1866 jpg
am=0 324}

23



0. francisco-goya_the-burial-of-christ-1772.jpg 1. paolcvaronese deposition-of-christ-1543 jpg 2 poter-paul-rubens_the-entombment- 1612 jpg 3. giorgio-vasari_the-depositian jpg 4 caravaggio_sntombment(l) jpg
(sirm=0.197) (sim=0.1%6) (sim=0194) {sim=0.191) isim=0.190)

3 peter-paubribens samson-and-delilah jpg

5. anthony-van-dyck_ceposmion-1634 jpg

i 190} 8. peter-paul-rubens_lament-of-christ-1614 jpg
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Interactive CBIR

e Human in the loop

e Open-ended search

e User intent not defined a-priori, but on the way using
direct feedback

e (Can focus on
o iconography

style

composition

O
O
o colors
O



Reverse Image / Similar Images Search

Ongoing work: =

Database

- . —)@ - g
Hierarchical search — =

¢ Detect and crop

as - 4p
' ARd

7
i

Setup vector image database

Original Photo

Extra sub-images found

Extra faces as sub-images
(if element was a person)

Search in the vector database

Matches
sub-image

Returns

parent image
g

Using Al to detect parts of an image. Split the image up and for each sub-image extract features to
create embeddings to save in a vector database together with the original image.
Structure the sub-images as children of the original parent image.

A search can now return similar images, even if only a specific part of a result matches the query image

27



Future work: Mixed-media pattern retrieval

A column sculpted by Jean Mone

Recognize a given pattern
simultaneously in paintings, sculpture,
architecture, stained glass, etc

A drawing from an
architecture book

An engraving featuring similarly decorated columns

28



Future work: language-vision models

Hybrid Search: Refining with Keywords

Results

g
% Image Search

/
{l// \\ Image + Text —>

(Q

(Q marble |

Query

Figures from Edwin De Roock

29



Future work: language-vision models

AI-GENERATED
DESCRIPTION/KEYWORDS

A vintage portrait photograph
featuring a family in 19th-
century clothing. There is a girl ,

2 men and an elderly man.

KEYWORDS

19th century, family,
portrait, vintage, girl,
elderly, woman, man

Figures from Edwin De Roock

30



]

GHENT
UNIVERSITY

Thanks!

https://balatai.kikirpa.be

https://nicolasnadisic.xyz

nicolas.nadisic@ugent.be
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’ Image embeddings in the
Feature feature space

space




Feature extractor: pre-trained ResNet-152

e Residual network, 152 layers
e Built for image classification

e Trained on ImageNet1k, ~1.4 millions
iImages in 1000 classes

34



ResNet-152

3x3/2  1x1N1 3x3/1 1x1/1 2
1 7
1 35
1 2
1 1024 2 1000
pooling
"""""""" I plass s ac sl |
prev Ia_i_y_er d prev layer d

: I ’ I
| I
1 : : 1 . :
pooling : —— i 3 '—;— i
T L E !
: 5 111 : I 112 |
$ e :
Emmmmm Convolution layer  [ENEEEE ResNet bottleneck block PO — S| 33 !
] ! l‘>_<
| E b gl ‘ 1
'R W—— x|
P T ' | »
i S :
I 9
I '} :
I oy !




Trained for object classification (1.4 million images)

pooling

I  Convolution layer NI ResNet bottleneck block

3x3/2  1x1/1 3x3/1 1x1/1
X711
1 1000
pooling

36



Fine-tuned on painting style classification (Wikiart, 81k images)

3x32  Ix1/1 3x31  1x1/1
7
1 35
1 2
X711
1084 1024 2fls 2048 1000
__» baroque
avg
pooling
max

pooling

I  Convolution layer NI ResNet bottleneck block

37



Classification head removed to serve as a feature extractor

7x7/2 width x height / stride
3x3/2 1x1N1 3x3/1 1x1/1 2
1 7
1 35
1 2
7,
1884 1024 20838 2048
I

pooling

I  Convolution layer il ResNet bottleneck block

38



Basic setup (SotA)

Query image

Query embedding 2048 features

[ ‘

Feature Fine-tuned

A.B

A

118l

Pairwise C
similarity
measure

ine distance 1 —

r-—--
i
i

Retrieved images

Reference

101011
101010
101001
101111

101110

Reference database '

39



Limitations of ResNet-based CBIR

e Limited resolution 224x224 pixels
o Images reshaped and cropped

e Based on painting classification by style
o Partly arbitrary (at least debatable) categories
o Biased to a specific task, less general CBIR

o Visual similarity biased towards object/style similarity

e “Take it or leave it”, no way to give feedback

40



Major novelty

e Use DINOvVZ2 instead of ResNet as feature extractor
o Transformer-based with self-supervised training (142 million images)
o Accepts bigger input images (from 224x224 to 1024x1024)
o Not focused on image classification
1 learns more robust and more general features

e Interactive search to leverage expert feedback
o Refine the search with both positive and negative feedback
o Similarity score = average similarity with positive queries
- average similarity with negative queries

41



New setup using DINO

Query image

Query embedding 768 features

—_ | —

Pairwise
Pre-trained similarity
measure

Feature
extractor

|

Retrieved images

Reference

101011
101010
101001
101111

101110

sine similarity 008(61,62)=

el ey

1
|€l”2”62”2

42



DINO v2

Problem

e Large vision models usually require massive labeled datasets
e Labeling is expensive, biased, task-specific and domain-limited
e \We want general-purpose visual representations

43



DINO v2

Core Idea: DINOv2 learns robust and task-agnostic representations by

Using self-supervised learning on student-teacher vision transformers (ViT)

Matching different views of the same image, without using any labels

Learns stable, robust, semantically structured features

Works for classification, segmentation, depth estimation, retrieval, dense matching, ...

2 Global Views: [CLS]

Teacher VIT
(EMA)

Many Local Views:
- - . —_— Student ViT —)’
<

gradients

Original Image:

DINO
loss

[CLS]
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‘ Positive
Negahvg /|4 feedback
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Feature
space

The negative queries shift the ‘

average far away ’
¢
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Feature
space




