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Genealogy of the digital R&D at the BnF: focus on Al

Feedback on past and on-going projects:
* Working on print and manuscripts
* Working on images

Conclusions on Al acculturation
in heritage institutions



R&D genealogy

From EU projects to local initiatives: continuity and changes
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R&D genealogy

The deep learning revolution

2011 2013 2015 2017 2019 2021 2022
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R&D genealogy

Democratisation of Al

2011 2013 2015 2017 2019 2021 2022
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Working on print
and manuscripts




Newspapers collections as

European project « NewsEye » (2018-2021):
3 national libraries (AU, FL, FR), 3 « digital humanity » teams, 4 CS labs

Text Block Heading Separator Baseline
detection detection detection detection
Hypothesis mark “paragraph” regions mark headings mark separators find baselines
- T pixel labelling region annotation region annotation polyline construction
Baseline
correction
correct baselines 4
Text block merge polyline split \) Text
evaluation recognition
Graph Neural Network - GNN Ak automated text recognition
Merge-confidence Baseline full-text extraction
computation clustering
Text blocks collect baselines
p region construction
Text block
clustering
merge text blocks Text block simil
region merging computation ™~ Textblock similarity
Bidirectional Encoder i dcucnil
Representations from word embeddings
X Transformers - BERT feature generation
C__ News ltems » Articles > feature generation

* « HTR as OCR » (re-ocerisation: 1% CER), articles separation (F1: 70%-85%)
* Semantic enrichment: NER (BERT-based approach, winner of International competition
HIPE@CLEF 2020), stance detection, event detection, topic modeling

* Dynamic text mining, multilingual text mining

data

-Basellnes

A Digital Investigator for
Historical Newspapers



Outputs:

* Web platform for

researchers

* Models and datasets

* Transkribus+

 Evaluation of OCR
quality on NER...

Difficulties:

* Reconciling CS, DH and libraries agendas...
* Export of large image datasets from library repositories

Newspapers collections as data

Human Productions

—" ]u ne peux pas: ma
femme a pris mon pantalon !

une r-mc est jeune,
svelte et jolie, bien sir, tout lui
va, méme l'inélégant pantalon. Seu-
lement, ce sont les autres...

PEULTLT, puur prossei
I Bref_ cette mode 42 pantalon est.

Icmmeu ‘en pallrulon
!u campagne, c'est trés diffé-

* Article separation quality: too low
* Understandable quantitative analysis that can be justified & explained: too ambitious
e Sustainability of IT deliverables

Resources:

« The NewsEye pipeline for digitalizing large collections
of historical newspapers », ICDAR 2021 workshop:

https://www.newseye.eu/resources/videos

http://www.platform.newseye.eu/ ik o, Ao
1storical Newspapers




Handwritten text recognition

ANR project « Fiches de lecture Michel Foucault », 2017-2020

), Loaded doc: boites1_diff, ID: 35689, Page 51, file: T0000424 Jpeg [Image Meta Info: (Resolution:400.0, w*h: 3456 * 4918) ] [ current line: w*h: 2394 * 252 ]

i |
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[Consulter d'autres fiches de la boite : galerie ‘ |

Décrire / annoter la fiche [h039_f0225]

Type de 'annotation : 2.4 Référence biblio

v | validertype choisi | [?]

Sélectionner un type de document [?]:
Entrer un nom de famille d'auteur [?]:

Entrer le(s) prénom(s) [?]:

[» * s
Entrer des mots du titre [?]: 1 Chercher
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|t d'observation, [[1927] |fark:/12148
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Transkribus model: manual transcription of 600 reading notes, CER: 8 %
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7 - Faute des parents qui punisient les enfants
8 166
9 lorsqu'ils se sont blessés ds des jeux, si bien que
10 les enfants cochent leurs blessures, qui denenrent
11 +grave.
12 167
13 “L'on ne doit presque jamais battre les
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No computer scientist in the loop!
[ ]
[ ]

Human annotation of NERs + NER linking with data.bnf.fr

https://odhn.ens.psl.eu

icle/foucault-fiches-de-lecture-ffl



Handwritten text recognition

Outputs:

* Web platform and corpora for researchers:

https://eman-archives.org/Foucault-fiches/

. L' oaromk de
* HTR Model for MF scripting ARan bler. ww.cagﬁu cherdhoury
e Acculturation of the team to HTR

TP R . ?/} 0
Difficulties: ‘ - \0 /
* Only 10k notes transcribed on 20k

* BnF's workflow for OCR ingestion
is not agile enough to
accommodate small corpora

e Gallica can’t handle
named entities

WA

Adeéle Huguet

https://ffl.hypotheses.org/1964
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Layout recognition, document analysis

CollEx project « DISCO »: La Grande Encyclopédie (Berthelot) (2019-2021)
INRIA-BnF-INHA project DataCatalogues (2021-2022)

CRF model

Segmented Page

CRF model

Segmented Page
CRF model

Segmented LE

Segmented Form/Sense | .oqns || <p¢§n> | | <sense> | <dictScrap>
CRF model

* Layout Analysis for dictionnary and sales catalogs (fine arts, coins)
* CRF (conditional random fields) with GROBID tool (INRIA)

* TEl output
https://www.collexpersee.eu/projet/disco-Ige/




Layout recognition, document analysis

ANR project CollabScore (IREMUS, IRISA,
CNAM, BnF, Fondation Royaumont)

Transcription of printed music scores:
* OMR (Optical Music Recognition)
e automatic quality assurance tools

e automatic alignment of media

e crowdsourcing of the transcriptions
 dissemination and mediation with IIIF

BnF project REMDEM:
Repertoire of Musical
Writings

* automatic writer
identification on
handwritten musical
scores

* llIF dissemination

NaEUT

Collections Composers Mozart

Dies irae

Corpus Mozart
Titre de l'opus Dies irae
Fichiers PDF | MEI | MusicXML | Summ

SCORE

Seprans [|fh

§

£ F
Qn -G’b o
2 & P4

L
e et nl e e

= to & oo |Da-vid cum 80 -|bylda
~ | ] |
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Segmentation of heritage maps

JADIS project (EPFL master project) =Pr-L

* Paris Maps segmentation, georeferencing and geocoding of street names
* Web app: https://bnf-jadis.github.io/

https://bnf.hypotheses.org/9676




Working on images




What illustrations?

» Diverses document genres, artistic/print technics
« All time periods and fields of knowledge
« Heterogeneous metadata



Segmentation of illustrations

DocExtrator (LIGM, ENPC)
dhSegment (EPFL/DHLab)

btv1b73000634-175-1.jpg

btv1b8605455-124-1.jpg

btv1b73000708-177-1.jpg

 Mandragore and Gallica datasets

http://api.bnf.fr/




allicaPix

BnF PoC « GallicaPix » (2017-)

Hybrid retrieval of iconographic content. Theme: WW1, 220k illustrations

* Deep learning for classification and object detection -

e Supplement illustré du Petit Journal

In-house trained models and out-of-the box Al services 136,46AEROPLANE DU * PETIT JOURNAL * i
* lIIF end-to-end, BaseX + XQuery N .

@« Résultats 14500 sur 892  max

500 nu Presse ' Revue || Monog. Image  Genre

Personne

Le double monoplan Bréguet a deux places, type mi re, avec lequel
Brégi, viennent d'entreprendre le voyage par les urs dc canbhn
A droite et a guuche, porh'an: de René Lebaut et de l'aviateur

‘e: Ie\vm vemuérent deux ou {rois fois La pauvre tante ne comprenait p/\\ LH-- ‘ \m-\;.e plein (Ir |n(-n...c< M tlr‘ da m’ver- ralent couume \x elles cher
R R P N ils u fent leay chemin. Bientot clles s ardte.
netire Elle et pitic de son e m- Jean Glade — le mi nd qui it tant e ]Imlmns uu i un endioit o I Shapelie.s'aperes
)w el u]n\nn hu-n vite asé F unrrm et dont les gumrc tos, les | brasés \Iqm-s I'lm;.mc du mon onfus re, on la distinguait
Tontiiine oy i affoe i 05 et 16 ner | e e o e o £ LI

Sali g g iover, " S frounngt sons po acpes et 1

mubre quune voguo
pprécision en

Larlk: /12 -
e e d oM 1o s
;

afiquants du désery e re ‘tait une vo
& Yombre des my

feil: 0 e | femme. 5 E
e | i Ko gy . e un
iy [l i % e, 10
5/136.461 3155, 2 egy
1m y b p i e

u 44 whonde .m i ler Micvunt o Tombeniay suiny recomvert| cofapie ben rEvens rehe. Jdfveus .d.,.wh
Vous saver mptacuses dtoffes, de petites bougies |t des conires el e vai

2 on
o o ) il giadame, gt minagesIes pius pr .,...r iées au Benjoin. 11 Gait bon | courir de Targent, be
( < v " : u Sou- | do se mélire en rigie, fe commerce ne \uu..rn,.ui Bt cadetie
g iy P S | vant que sagner & el sy e ey ol
s . Sidi o o
i

Alotrie worcere

L e sorte o
e sl e e (O 3

c Non. sien e taok, 1 T2t e rendre,
2 es halitanls du dovar que | 1 ppice, el U es veuu
it en verté, qirune fnote : o
b I

<
Co nétal . i (earavanes mi i e, parle @ i
couleuvr G inde nien dit a Zau chiandés) engageajent un Kretir, le g e
et le souvenir ganda e don nims a i .-cn.nn- or & bien 1 Sidi (Ombareck, reprit I'nutre
parlirent. do
e, dane ol
io

Iurveur. Tis fod ghons dos sables, de les div i j No A o retour Mer
{Conte arale) o e von, axpriensé el de. sun d¢. ‘mn nm afisst |.r-uo ue I lune quand olie
_— g8 e i punonit da s e pureill & une flete

rhre,

fan e v aitudinés. i Lo zaouia, ou petite chapelle, élevée & dune curavang] A
iy Sagitaient amenniert un bruit e e "f.'..“m& ot S L e ,mm s 1 Laoas
Coulait comme e | gtEioy pelit manelon aigue | Sit, pour frreb nh«huuh.mx o i et | couleurs, puls, sur b
in fin 't lln).a m u..: Dl Dins | defi fal s priwses do prudence et de sn- | 1 ‘des tissus do soie
ho L it | cos parages, s e pitis &8 pls
alhsg o fond ds e ek, D Mosura (,u ¢ Ton it e ¢ | Eiiacant. devaat soh i
ol o Jouo. Homime. deys toigts SR apparaleesient. eneoré. naGlauies mal: | contls To-sort des a
S douchment, duna il fub et frcs. chiunps dPorge, dernires manifesta des cent chamiaiix d..mm o mar
"!anmr!u de la fontaine. ons da' . tor pe elityte, vant aue o el | Ses qui, & " Soua'sa guado,
Comie mangée pa St ang. ¢ désert. I\t-lmlx .uncnui“ “Siai-ombareck, écoute !
1o ks I8 oreus do o mu 1 porte dv dévert avee Kgadonr, Q) Nouluit |  Siaia 12 saini ne ut en anfendre dngan:
o8 (ournant vors Gearges : En_dehors din qui-entonrait i | fomer & son it T p '(-m e Tots | tage, Des ramiers qui dormaient non
< Vaulezvom ¥ aouia, pes bu ;n&dm-lﬂuv.n peine il o pre ot ol | de T soue des caroubiers, ore g
Ef s pareille i Jilubiers Sauvages ef des pine duel | fingt ans, Sondgo n.w i ni an tuxi: | brusguement. ¢ vent” avec des cris
nar s Wainan 1 teues ranches | inlze wlm que g1 {ral demaven. | npearia
divine Tigues " consadt, 1 | dépouiliées. Deu puits dont I'ean &Lait v eonm 16 sentatt § 1 en avait déji
aiear sest au fond do I cotpe. Aitibage ne & o ke
On cutendit. au mi  une .‘,< onjours aus dts ot aus gens do
fon viiemanto el "eandaiisée. Ame do
rainait ses rhumatismes de

3
Bitce possibi, malbeurento eniant ! Buibarcck. U viil u
Toutie monde est & t reclierehie: On 1 €1 i :m.v.» o ~‘mw1rul(‘|
s, 18 peent o s B 5. € o ARl T e | Dans o ordme e Izt e s e Ee

5 i S Hugette, sur moi. senies b oo vnaent o demuder | Dmn e L e, e b | Mohdn S el nses & 08 i e




GallicaPix

LA DISTINCT| Afficher dans Gallica

I {
| Afficher dans GallicaPix

(# Editer & Supprimer

| voiture (yolo: 0.51)

7. L ":’.,"‘ TR ﬁ/,—"'v
R S i 2
1)

Vogue magazine

llIIF Gallica document enriched with
GallicaPix annotations opened in Mirador


http://localhost:8984/rest?run=findIllustrations-app.xq&start=1&action=first&module=1&locale=fr&similarity=&rValue=&gValue=&bValue=&mode=&corpus=vogue&sourceTarget=&keyword=&kwTarget=&kwMode=&title=&author=&publisher=&fromDate=&toDate=&iptc=00&illTech=00&illFonction=00&illGenre=00&persType=person&classif1=&CBIR=*&classif2=voiture&CS=0.20&operator=and&colName=00&size=31&density=13

GallicaPix

Outputs:

* Out-of-the-box models work quite well on 19th and 20th c. collections

* Demonstrator for CBIR, aiming internal (curation, digital mediation,
iconographic retrieval) and external users (general audience, DH)

* Pilot project for Al@BnF
* Basis for the Gallica Images project public contract (2021)

Difficulties:

* Accurate indexing on an encyclopedic visual collection is out of reach
* Publishing a public contract on the Al domain is a lot of work (1 year)
* Launching an Al project at scale is difficult:
* budget estimate (100% error)
* scarcity of adequate service providers (GLAM sector + Al expertise)
* how to specify quality evaluation, quality commitment
* machine learning on multiple collections/time periods... is hard w ((r'; B
* integration into legacy IT systems can be challenging



Classification of heritage images

INRIA (Institut national de recherche en sciences et technologies
du numérique) and BnF R&D project (2019-2020)

* Mandragore database (illuminated manuscripts indexed/taxonomy) s

» Zoology sub-corpora: 24k images, 42k annotations lreeda—
* 397 species, no zoning within images

* unbalanced classes, large intraclass variability

https://api.bnf.fr/fr/node/212




Classification of heritage images

Difficulties: image size

2279x3000 px

30x30 px

i = S IO b
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Classification of heritage images

Difficulties: unbalanced classes

Phylogenetic grouping of species: 397 classes —> 30 classes

Instances

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

397 classes

Figure 7: Original annotations distribution

Carnivora

Caniformia

Canoi dea

Arctoidea

ste, Genette, Hyéne)

Class Instance

Bird 8467
Horse 4801
Lion 3117
Shark 2
Slug 1
Polecat 1
Table 2: The
largest and
smallest classes

Felidae

EFEH(!&& —_———
Prionodontidae

Nandiniida
Feliformia

(Mangou

Canidae (Canins )
Ursoidea

Ursidae (Ours)

Mustelidae (Loutre, Furet, putois..)

Instances
14000

12000
10000
8000
6000
4000

2000

30 classes
Figure 9: Regrouped annotations distribution
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Classification of heritage images

Weak supervision: Xception model trained on Imagenet, transfert learning
of a multilabel classifier. Activation map shows where the object is.

Image

Features

[ I T I T I 1
co1 coz2 co3 co4 C05 C06 co7

! | | l I | |

fish bird serpente butterfly insect caprine aegodontia

Figure 13: Xception classifier replaced by our own binary classifiers




Classification of heritage images

* The Mandragore dataset does not have a random distribution
* Books have themes, and their appearance affects the classification
* Idea: detect first the objects to classify




Classification of heritage images

Strong supervision:

» Data augmentation, manual annotation: 100 occurrences/class; 1,8k images; 8k boxes
* Faster R-CNN (TensorFlow) architect

* Pretrained model (iNaturalist base, transfert learning)

* Candidates region detection, candidates classification, post-processing of boxes

VGG layers Region Proposal Network

Conv_class
mrw| 7§
% / Softmax for
k anchor boxes \ o detection
11
C

Conv_2

“ Conv_3 Conv_4 Comv_5

“onv_bbr

Bounding box
regressor

Sliding feature map e

Fast RCNN

|

| Softmax for

I detection

I Bounding box
Object like regions proposed I R ||

in feature map ROIpooling  gc fayers
layer

[ PSR PR R A S U S S ——————



Classification of heritage images

* patch size of the model: 1024 pixels
* training of several models according to a sliding window (total image,
patch of 400-600-800-1200-1600 pixels)

r---l——r---

L e N

---------------------------- y 4
Figure 20: Patching process example A —



Classification of heritage images

Small patches help detect small objects

Model iNat_V3_0 iNat_V2_1 iNat_V2 2 iNat_V2_3 iNat_V2_4 iNat_V2 5 iNat_V2_6 iNat_V2_7
Image size Full 400 600 800 1000 1200 1400 1600

aegodontia
anoure
bear

bird

bovine
butterfly
camelini
canid
caprine
cervid
cetacean
crocodile
crustacean
dog
elephant
equid : 0.986 0.981 0.987 0.975
feline 0.988
fish
insect
lion e 0.968 0.977 0.984 K 0.985
lizard
mollusc 0.98

monkey 0.
mustelid 0.976 0.950 0.948 0.981 0.952 0.960
porcine 0.985 0.984 0.982 0.966 0.939 0.965
rabbit 0.967 0.973
rodent ! 0.971
scorpio
serpente 0.976 \ ; : 0.974 0.

totoise  [IEI000/ 4000 L0001 T4000 0992010999 0988 0.9

mAP 0.966 0.990 0.989 0.990 0.984 0.980 0.947 0.946
Table 8: Average Precisions (AP@0.5) for each class and model pretrained on iNaturalist

0.918
0.974
0.952

Without transfer
learning on iNaturalist:
bad results

Model iNat_C_2 iNat_G_0 iNat_H_2 iNat_F_7 iNat_| 2 iNat_J_2 iNat_K_2 iNat_L 2
image size Full 400 600 800 1000 1200 1400 1600

aegodontia . . . 0.276
anoure L 0.201
bear ).0 . . 0.204
bird . 0
bovine
butterfly
camelini
canid
caprine
cervid
cetacean
crocodile
crustacean
dog
elephant
equid
feline
fish
insect
lion
lizard
mollusc
monkey
mustelid
porcine
rabbit
rodent
scorpio
serpente 48
totoise ). 0.341
mAP 0.138 0.173 0.22 0.226 0.232 0.229 0.244
Table 7: Average Precisions (AP@0.5) for each class and models trained from scratch

rd

lreeda—



Classification of heritage images

Outputs:

* Good classification results
* Visually heterogeneous collections can be processed

Difficulties:

* Going from a richly annotated database like Mandragore to an
operational training dataset for Al can be laborious

* Drawing boxes for a 30 classes classifier on a heritage corpora
is very time consuming

Q 25

X

https://api.bnf.fr/fr/node/212




Visual similarity: Snoop engine

* INRIA and INA (Institut national de l'audiovisuel) research labs
* Content based image search for video/image: Snoop engine
e 2003-

/o OFFLINE

Vidéos

m Recherght; \
@

Description

Image requéte

\‘ O N LI N E Résultats

4




INA use case

Logo search
in TV news




INRIA use case

Snoop is the PI@ntnet app’s visual engine

l@ntN\et

P

L

~(

.-..
T
.s .
Nele

)
D
atelele’

CRAHEX
50503

O

Specie #1

O's

<
. y

»
- sl S

asse: Rosa chinensis Jacq. Rosa chinensis Jacq, Rosa chinensis Jacq,

N !
sa chinensis Jacq, Rosa chinensis Jacaq Rosa chinensis Jacq
”
&L 7

D05
O

JYeole
(]
R

A

%0

Visual similarity index
(in a large digital space)

0‘0.

D

P I

Yo%
LR

e
%

R B




Citizen Science platform in a nutshell

“" P l@ nt N Et Machine Learning

Biodiversity Data + ﬂinw
\ P

12 million downloads
40-100K users per day
11 languages

18K plant species

30M plant observations
in 2018

I 22 checklists

Nature watchers

4 permanent researchers

50 million images .
16 Tb of data 3 engineers
10 servers 3 PhD students
20 users of the 2 post-docs
4 research organisms: CIRAD,

identification API
@@ nria, INRA, IRD



GallicaSNOOP

Proof of concept on the Gallica Images (1M images) collection and
sample of the newspapers collection

Instances search:

%= dNpUt.=.photo.agency picture
“7¢ “output = newspaper illustrations with reproduction of the picture’

file://mome/installer/DataSets/Images/Bnf/Matchs/imagesResized/Gallica/biv1b53110529)/1_div_3.jpg

Snoop Results

.’ = ﬁ‘ Features = local descriptors
P (SIFT)

X



Iterative search (human in the loop)

1. Startimage
2. Iterative selection of documents (+/-)
3. New results list (linear SVM) proposed to the user

First image

GallicaSNOOP

0N

v

User selection

oo
Qo
Jo0n

y

New visual classe:
« Hydrocycle »

New
search

2

Y —


https://gallica.bnf.fr/ark:/12148/btv1b9041838x

GallicaSNOOP

Snoop = Search - - Class names ¥ jpmoreux@gmail.com

Search result Pictures size Current - -
100 images — o Selection : 20 Images

Mark as V or x

35



GallicaPix

Outputs:

 Excellent feedback from users
* Can be tuned to corpora and use cases

Difficulties:

* Visual similarity engines quality is difficult to evaluate
* Need a lot of engineering

Q 25

(4

https://snoop.inria.fr/bnf/




Feedbacks

How to accommodate Al in heritage institutions?

Difficulties:

Collaboration

* Computer scientist, digital humanists and heritage institution have different agendas:
* CS: search for a breakthrough or an improvement of the state of the art
* DH: need digital datasets and digital tools (to start working)
* LAM: must implement robust long-term services

* Service providers with expertise on Al and heritage sector are still rare

* Internal collaboration processes must be designed (Al projects are different from
Web or database oriented projects)

* Al R&D has some particularities, but it can be managed as any other digital R&D and
benefit from past and on-going projects



Feedbacks

Implementation

* Implementation of CS results in IT institution is always difficult
* Sustainability of CS deliverables is a challenge

* Valorisation of DH research work on the collections (transcription,
annotation, enrichment) is tricky. This should be planned at the
project design stage

e Library IT must now deal with various flavor of digital content (old
OCR, new OCR, corrected OCR, manual OLR, automatic OLR...)

* Library IT is not ready to ingest exotic data like semantic enrichments,
object detection in images, etc. Life cycle of this data must be handle too

* Advanced Al approaches can be difficult for a library to industrialize. Some of
them don’t scale up well. High performance infrastructures are needed for
reprocessing our 20 years old digital collections



Feedbacks

Benefits:

* Transdisciplinary Al projects generally work well (but CS, DH and institutions
must work in agile mode)

* Machine learning needs data and expertise on data: librarians are central!

* These projects help institutions to get a sense of that is possible

* They help to acculturate to new Al approaches

* They help to better understand and meet the needs of researchers

* The IlIF protocol has a + impact on R&D (access, toolbox, dissemination)

Outputs:

» A roadmap for Al at the BnF, including a program of 6 projects (2022-2025)
 Support for Al projects at the BnF Datalab (opening October 18th)

* International cooperation: EU projects, ai4lam.org initiative

« Stronger national cooperation with Al labs, Al support centers o—

* New services: internal OCR pipeline (easy to adapt for HTR),
GallicaPix, Gallica Images



(Bn

Thanks!

Bibliotheque
nationale de France

Jean-Philippe Moreux

Bibliotheque nationale de France
DSR/DCP, service Coopération
numérique et Gallica

Expert scientifique Gallica



Recherche itérative

o Sélection par l'utilisateur des documents +/-
o Plusieurs criteres de sélection par le moteur :

m Moyenne des descripteurs des documents positifs

m Apprentissage d’un classifieur binaire (SVM linéaire)

m Prédiction uniquement sur les K plus proches voisins des

éléments sélectionnés

o Renvoie les

« plus positifs

* plus ambigus

* plus négatifs




