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Recognizing Front Pages
of Historical Newspapers:
From Deep Learning to
Automating Digitization
Workflow
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' Background: The BelgicaPress Project

WWW.KBR.BE

General catalog Belgium BelgicaPress BelgicaPeriodicals EN v

KBR 2 BelgicaPress

b

Type your search Q

. — + advanced search

> The BelgicaPress project is an (ongoing) large-scale digitization project managed by the DIGIT
and ICT departments of KBR.

» Currently grants access to 138 Belgian newspapers known as "major press", mostly daily
newspapers (1814 - 1987). With full-text search enabled for 4,138,188 pages.

» The priority period extends from the Belgian Revolution and the creation of independent

Belgium (1830) to 31.12.1950. Including most of the newspapers published under German
censorship during the two world wars.

» Unlimited access for scientific research or teaching illustration purposes.
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' Background: The BelgicaPress Project

WWW.KBR.BE General catalog Belgium BelgicaPress BelgicaPeriodicals EN v

KBR 2 BelgicaPress

|2 i
S

Type your search ‘ Q )
—— + advanced search

» Organize the raw digitization outputs for proper online publication: recognizing front pages.

» From manual checking to Al-assisted automation
o OCR ->the presence of a newspaper title + layout analysis
« OCR outputs are potentially noisy
« variance in layout style complicates the recognition of title region using heuristics
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Challenge for OCR based approach: layout complexities
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Den Vaderlander
The Patriot (Dutch)
April 1939

e

IE LA BOURSE

Avenir Du Luxembourg (L’)
Future of Luxembourg
(French)

December 1902
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Echo De La Bourse (L)
The Stock Exchange Echo
(French)

February 1942

Die Fliegende Taube
(Beilage)

The Flying Dove
(German),

January 1900



' Background: The BelgicaPress Project
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» Organize the raw digitization outputs for proper online publication: recognizing front pages.

» From manual checking to Al-assisted automation
o OCR ->the presence of a newspaper title + layout analysis
« OCR outputs are potentially noisy
« variance in layout style complicates the recognition of title region using heuristics
v' Deep learning -> end-to-end framework using neural networks
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Challenge for Al based approach: visual similarities

Cross-similarities between front and non-front pages of different newspaper titles: examples with Avenir Du
Luxembourg (Future of Luxembourg)

e
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LeTHEHMﬂGENE

; RHUMES, RHUMTISES = TRAVERS LA PROVINGE -

E.NI

nu LUXEMB

1902.12.11 - page 1 1936.02.02 - page 1 Front pages from other newspapers
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Preliminary Investigation

Tit Configuration Performance f .
Itle M
Train/Test Year Month Pages = MISTAKES Con Ig u ratlon
Total Front Precision Recall bAccuracy F1
ota ron
12.567,8,9,10 11, » ResNeSt (resnest50_fast_1s4x24d),
Training 1923 0 1656 258 N.A. ] 58M. basic CE |
. _04-16- 1 arameter size ~ asIC 0SS
(1\5/;’;?::4) 1923 3,4 406 53 0.98 0.98 0.99 09g |1923 %‘; 11‘:3 F:’geg 1923 P . ! ST
-16-Page
Testing | 1924 8 160 27 1 1 1 1 s without hyperparameters optimization.
1923 1~12 2062 311 0.997 0.997 0.998 0.997 . L .
— 1,3,4,5,6,7,9,10, 11, » Prioritize on classification performance,
Training 1923 " 1820 295 N.A.
Le XX Siecle Input images are scaled to 1024x1024.
S 1923 2,8 344 58 1 1 1 1
Testing 1924 3 196 31 1 1 1 1 . .
1923 1~12 2164 353 1 1 1 1 > 8 different newspaper titles over the
Journal de Training 1923 |1,2,3,4,5,7,8,9,10,11 1180 295 N.A. per|od Of one year (80% tra|n|ng and 20%
Bruxelles 1923 6,12 236 59 1 1 1 1 ;
(16411586) | Testing 1924 2 112 28 1 1 1 1 eval uatlon).
1923 1~12 1416 354 1 1 1 1
> ~10K pages, ~2K front pages.
) Training 193 | 345681011, 1572 255 N.A. Pages, Pag
Het Nieuws 12
van den Dag 1923 7,9 332 52 1 1 1 1
(17159617) | Testing 1924 4 138 26 1 1 1 1
1923 1~12 1904 367 1 1 1 1
Training 1923 |1,2,4,5,6,7,8,9,10,12| 344 43 N.A.
Vlaanderen 1923 3,11 64 8 1 1 1 1
(17164874) ) :
Testing 1924 7 32 4 1 1 1 1
1923 1~12 408 51 1 1 1 1
Training 1923 |1,2,3,4,5,6,7,9,11,12| 1246 260 N.A.
De Volksgazet
e _ 1923 8,10 258 54 0.98 0.98 0.99 0.98 1923-08-06-Pages1
Testing 1924 6 134 25 1 1 1 1
1923 1~12 1504 314 1 0.997 0.998 0.998
. 1,2,3,4,7,8,9,10, 11,
e Standaard Training 1923 1 1552 298 N.A. 1923-05-03-Pages3
(17172087) 1923 5,6 318 59 0.98 1 1 0.99 1923-07-29-Pages1
Testing 1924 5 168 30 1 1 1 1 1923-08-11-Pagesl
1923 1~12 1870 357 0.997 0.994 0.996 0.996
Training 1923 |1,2,3,4,5,6,7,8,10,12| 1564 296 N.A.
Independence
Belge 1923 9,11 314 57 1 1 1 1 1923-05-30-Pages5
(17229173) | Testing 1924 1 162 30 1 1 1 1
1923 1~12 1878 353 0.997 1 1 0.999
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Preliminary Investigation

KBR

Titl Configuration Performance
itle
Train/Test Year Month Pages . MISTAKES
Precision Recall bAccuracy F1
Total Front
Training 1923 12,586 713' 9,10, 11, 1656 258 N.A.
Vooruit 1923 34 406 53 0.98 0.98 0.99 0.98 |1923-04-16-Pagel 19231
(15981364) ) 04-16-Page3
Testing 1924 8 160 27 1 1 1 1
1923 1~12 2062 311 0.997 0.997 0.998 0.997
Training 1923 1,3,4,56,7,9,10,11, 1820 295 N.A.
. 12
Le XX Siecle 1923 28 344 58 1 1 1 1
(16343920) ) !
Testing 1924 3 196 31 1 1 1 1
1923 1~12 2164 353 1 1 1 1
Training 1923 1,2,3,4,57,8,9,10,11 1180 295 N.A.
Journal de
Bruxelles 1923 6,12 236 59 1 1 1 1
(16411586) Testing 1924 2 112 28 1 1 1 1
1923 1~12 1416 354 1 1 1 1
1,2,3,4,5,6,8,10,11
Traini 192 ,2,3,4,5,6,8,10,11, 1572 2 NA.
Het Nieuws raining 923 12 3 35
van den Dag 1923 7,9 332 52 1 1 1 1
(17159617) Testing 1924 4 138 26 1 1 1 1
1923 1~12 1904 367 1 1 1 1
Training 1923 1,2,4,5,6,7,8,9, 10, 12 344 43 N.A.
Vlaanderen 1923 3,11 64 8 1 1 1 1
(17164874) ) -
Testing 1924 7 32 4 1 1 1 1
1923 1~12 408 51 1 1 1 1
Training 1923 1,2,3,4,56,7,9,11,12 1246 260 N.A.
De Volk t
('317;’6;52:? 1923 8,10 258 54 0.98 0.98 0.99 0.98 1923-08-06-Pages1
Testing 1924 6 134 25 1 1 1 1
1923 1~12 1504 314 1 0.997 0.998 0.998
L 1,2,3,4,7,8,9,10,11,
e Standaard Training 1923 12 1552 298 N.A. 1923-05-03-Pages3
(17172097) 1923 5,6 318 59 0.98 1 1 0.99 1923-07-29-Pagesl
Testing 1924 5 168 30 1 1 1 1 1923-08-11-Pagesl
1923 1~12 1870 357 0.997 0.994 0.996 0.996
Training 1923 1,2,3,4,56,7,8,10,12 1564 296 N.A.
Independence
Belge 1923 9,11 314 57 1 1 1 1 1923-05-30-Pages5
(17229173) Testing 1924 1 162 30 1 1 1 1
1923 1~12 1878 353 0.997 1 1 0.999
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Mistakes by Al, or, by human?

Goen pillen moer

BE-

KBR00_15981364_19230416_
00_01_00_1_01_0001_118803

11

KBR0OO0_17172097_19230503_
00_01_00_1_01_0001_205572

24

KBROO_15981364_19230416_0
0_01_00_1_01_0003_11880313

KBROO_17172097_-19230503_0
0_01_00_1_01_0003_20557226

BE-

PAGE INEXISTANTE

NICHTVORHANDENE SEITE

‘ONBESTAANDE BLADZIJDE

KBR0OO0_17172097_19230503_00_

01_00_1_01_0001_

557224




Towards Full-scale Training

Training Configuration:

>

>
>
>

Performance (@50 training epochs):

>

>

KBR

ResNet-50, parameter size ~25.6M, basic CE loss, without hyperparameters optimization
Prioritize on computation efficiency, input images are scaled to 224x224
121 different newspaper titles over the period of one year (80% training and 20% evaluation)

~130K pages, ~30K front pages

Distribution of Absolute Number of Errors
35

Precision 0.98, Recall 0.94, bAccuracy 30

0.97, F10.96 25
~65 newspaper titles: O mistakes 20
~10 newspaper titles: more than 5 15
mistakes

10
~ 8 newspaper titles: more than 10
mistakes

— o T — —

e [ 17OF FP e Error NFP
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Deep learning with increased transparency: attribution + data analysis

" L'ECHO DE LA BOURS
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Deep learning with increased transparency: attribution + data analysis

avYaYavYay - = © » NOYAYAYAYS
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For each layer [, we could compute the relevance for all the neurons of the layer, resulting a relevance vector rexxw,

where channel ¢ and spatial dimension of h,w are determined by the structure of the layer. For example, layer 4.2
conv3 will yield a relevance vector of r2048x7x7

» Review visual concepts that the neural network have learned
> |dentify prototypes that are learned by the neural network

» Build an auxiliary data analysis pipeline to enhance the operation of the Al agent
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Deep learning with increased transparency: attribution + data analysis

HDBSC clusters on channel_rel for 17145890 - fc.2 (43 samples)

D R 6 A (¢
o 1) 1) 1) @ £
| ° ~ ~ ~ ~ [<] »
° Q Q Q Q o
o o o 2 o o o o
HDBSCAN clusters =~ % ) ) ) ) & bl
. uster (] o o o o 2
® Clusterl oc oc o (5
9
’ +  proto_hdbsc_0 5 Analysis of all samples of a same newspaper title
“odl ¢ . -+ proto_hdbsc_1

>

UMAP Dimension 3

>

based on relevance vector r>1? yielded by the
second-last FC layer

Hierarchical density-based spatial clustering
reveals two distinct clusters of samples

We further compute the Euclidean centers of the
two clusters

Based on the computed centers, we identify
representative samples (i.e., samples that have
shortest distances to the centers)

Visualization of the sample clusters with uniform
manifold approximation and projection (UMARP)

Review of the representative samples explains
the clustering



Deep learning with increased transparency: attribution + data analysis

HDBSC clusters on channel_rel for 17145890 - fc.2 (43 samples)

HDBSCAN clusters
® Cluster-1
® Cluster0
® Clusterl

Conv 7x7 —s2
MaxPool
Resnet Block Bx3
Resnet Block Bx4
Resnet Block Bx6
Resnet Block Bx3
Average Pooling
FC-2

“Hot Laatste Uur | Het Laatste Uur  Heot Laatste Uur | Het Laatste tar | Hot Laaiste Uur  Het Laatste dar || Het Laatste dar

OORLOCSNIEUWS "

v

_comioosmicuws
S :

_QORLOCSNIEUWS

OORLOGSNIEUWS

==

CORLOGSNIEUW:
S

CORLOGSNIEUWS _ e

DORLOGSNIEUWS
e =

HET LAATSTE UUR| HET LAATSTE UUR HET LAATSTE UUR | HET LAATSTE u_yn] HET LAATSTE UUR | HET LAATSTE uur HET LAATSTE Uu
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Deep learning with increased transparency: attribution + data analysis
HDBSC clusters on channel _rel for 15437235 - fc.2 (332 samples)

HDBSCAN clusters

® Cluster-1
® Cluster0
® Clusterl
~
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Deep learning with increased transparency: attribution + data analysis

HDBSC clusters on channel_rel for 15437235 - layerd4.2.conv3 (332 samples)

HDBSCAN clusters
@ Cluster-1
® Clustero

ROODE VAAN |8 ROODE VAAN | [Ef ROODE VAAN [Blnnnnz VAAN l-mmnn VAAN mnuun: vaan| ® Clusterl
@® Cluster 2

Cluster 3
Cluster 4

B9Ro0DE VAAN f-mounz VAAN f-.
® Clusters

o Borwjet-Busland 1|

S I |

£ rooDE VAAN | [ RODDE VAAN k._ ROODE VAAN | E ROODE VAAN [EL] ROODE VAAN El ROODE VAAN | [ ROODE VAAN mjnuuns VAAN

De Rnode Vaan | De Roqde Vaan | Eﬂe Rooﬂe \'aanﬂ De Roode ‘laan

UMAP Dimension 3

proto_hdbsc_0
proto_hdbsc_1
proto_hdbsc_2

"Mp

+++

"’ens,an 1
proto_hdbsc_3
proto_hdbsc_4
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Deep learning with increased transparency: attribution + data analysis

HDBSCAN clusters
Cluster -1
Cluster 0
Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5
Cluster 6
Cluster 7
Cluster 8

La Wailonia

VOORUIT T;Tf:_'_!“_l_'_'f' SO ] 2 o F VOORUTT ~ Alaamsdye Post

HDBSC clusters on channel_rel for all samples - fc.2
(31225 samples)
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Deep learning with increased transparency: attribution + data analysis

More complicated modelling with Gaussian Mixture (GM) (80 different kernels)

K
p(x) = 3 N (gt ) . FOR
k=1 . ) 3 P
1 1 T o Az
N(x|p,X) = SEESEE exp {—i(x —p) X (x— M)} v . T
i X '_ | ,::
\ . 7 /‘Q{ 4 z

. VRIJE
KBR Where time UNIVERSITEIT
is treasured BRUSSEL



Deep learning with increased transparency: attribution + data analysis

Representative samples for GM prototypes
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Deep learning with increased transparency: attribution + data analysis

.
4 From the prototypes, we can also identify most relevant visual
'y : concepts (VCs), these VCs help to address questions such as:
" » Based on which regions of the newspapers is the neural
\ * . network making decisions on its FP vs NFP classification?
. A J 7
P \s oot 2 .‘,‘:;
> ‘ ;\ pr - X
” N o
\ -"/.‘:.'-L"‘;
&F € BB
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Deep learning with increased transparency: attribution + data analysis

Visualization of VCs (extracted from HDBSC prototypes extracted on layer fc.2) learned by the neural network for recognizing front pages




Deep learning with increased transparency: attribution + data analysis

Visualization of VCs (extracted from GMM prototypes on layer fc.2) learned by the neural network for recognizing front pages
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From model development to workflow automation

B python - o x

Select Digitization Folder

BelgicaPress Digitization Workflow

For internal testing @ KBR Data Science Lab

Name
8 JaargangKrantTextToFile

B scan_0007

B scan_0008

oo o, WOEING § IARY 1

B scan_0009

B 1 = { |7 DEN VLAMING.

B scan_0011

B scan_0012

B scan_0013

B scan_0014

TLARNSCHE NTVERRYS,

B scan_0015
B scan_0016
B scan_0017
B scan_0018

B scan 0019

B scan_0020

Y TR

B scan_0021
B scan_0022
B scan o

B scan_0024

B scan_0025
B scan_o!

B scan_0027

B scan_0028
B scan_0029

B scan_0030

Ready



From model development to workflow automation

WY python - O

Select Digitization Folder

BelgicaPress Digitization Workflow

For internal testing @ KBR Data Science Lab

Preparing dataset...

Sandhox creation and batched inference are running.

Create Sandbox @Fr ont Paga> ‘ Results Ready >

Results Ready — Review Pages

Detecting front pages (batched)... B

B python - D

Select Digitization Folder

BelgicaPress Digitization Workflow

For internal testing @ KBR Data Science Lab

Preparation complete.

Click the button to start reviewing front pages.

Create Sandbox JDetect Front Page Results Ready

Results Ready — Review Pages

Collecting front-page records for review...



From model development to workflow automation

1 python
Select Digitzation Folder

BelgicaPress Digitization Workflow

For internal testing @ KBR Data Science Lab

review detected front pages

scan 000L p=0.06  Show scan 000R p=1.00  Show scan 001L p=0.06  Show scan 001R p=1.00  Show scan 002L p=0.00  Show scan 002R p=0.00  Show

Fea

scan 003L p=0.00  Show scan 003R p=1.00  Show scan 004R p=1.00  Show scan 005L p=0.00  Show scan 005R p=0.00  Show

scan 006L p=0.00  Show scan 006R p=1.00  Show

oo

scan 007L p=0.00  Show scan 007R p=0.00  Show scan 008L p=0.00  Show scan 008R p=1.00  Show

scan 009R p=0.00  Show scan 010L p=0.00  Show scan 010R p=1.00  Show scan 011L p=0.00  Show

Clear All Use Model Picks

Review and confirm front pages

Confirm Selections

Inspector — scan 008 R p=1.00

Ll 0

'VRYDAG 10 JANUARY. 1851,

GODSDIENST EN VAPEALAND.

Mnnehy-lﬂ den Woensdag, Vrydag e Zondag, Dea prys van_het

advertentien Worden botaold aea 25 contlmen per drukregel; noguans wanneer mea dezelve in den Viaming en

timen per drukregel gerekend.

abonnement voor dry maenden is 3 fraukea eo franco met den post voor geheel Belgié 4 framken

in den Organe des Flandres doot plactsen, wordt er maer

Bitreel van dén Viaming s o da,llll'qd\u\l,l'i 16, Men kan ook inschryves in alle ‘postikautooren van bt Ryk. — Brieven en geld moeten vrachivry Wegezonden worden.

GENT, 9 JANUARY.
! Staetkundig overaleht.

tht fn ons i s00rt van
eeqeh ministerjelen’kFisis 2ou Kunnen 1o wege bren-
\isters £yu bel op verscheydene puniea, en wel pameu-

Pruysen besloten, dat zy de bersedslaging van eene antwoord aen
de troonrede niet meer zal herbegiooen, Deze beslissing stomt
overeen met de inzichien vao ' Gouvernement.
Het spaensch minisserie beel nogeens zyn onislag acnge-
ing te

't land, 1e Bovere, by Audeoaerde, gestichi?
2. s hietzelye nog in werkzaemheyd ?
3. Hoevele werklieden worden er in gebruyki ?
4. Is den heer Aug. Maes nog bestuerder van dit werkhuys ?
5. Zoo ja, hoe komi het day men sedert verscheydeoe weken

boden, om dat het ecenige
in de Koniogin-moeder. De koningin lsabelle heeft dit ontslag
geweygerd, en hiermede is alles geeyndigd.

budjet van oorlog, niet eens. MM. Van beke en
\dt souden niel georn dezen budjet vermindereo, om
1d eena afvalling van 't leger tegengekant Hebbehn;
Fidre en Tesch, wier Tnviged veel grooier is, houden
om het leger te verminderen. Nu is hetzelve reeds
it gebragt; “d¢ Kompaguien bestaen uyi'zoo weynige
en, dat zy iwee dagen op vier van dienst zyo ; wal
tleger is z00danig ontmoedigd, dat men er zich nau-
deukbeeld ken van waken, En dit is men aen onze
pliberale minisiers verschuldigd | .

ragn’in Frankryk in eenen akeligen toestand. De
5. van et ministerie liéeft 1ot een ander en veel go-
aegstuk_aenleyding gegeven 16 weten, de afstelling
werael Chavgaraier. M. Louis Bonaparte schyai vasi|
hebben deo dapperen gengrael af te sielien ; maer by)
+ winisters die in e veraniwoordelykheyd van dezen

willen decloemen. Gisteren heeft den: voorzitier der] B

ea'gesprek gehad met eeuige der bezonderste gede-
en by heeft, hiln onderrigh dat by in alles de Cousii-
srbledigen, maer dav hy gk zich do voorregien der

¢ magt voorhehoudi, iu sndero. voogen,  dat by aich |

nerael oolmaken wil. A i
)t getal gedeputeerden hebben, van hunneo kent, in
leriug verkiserd, dat de behouding van den geverael
ir il Zyu bevelbebberschiap ecne voorwaerde is zouder |
hoegenaemd ministerie zullen ondersieunen.

raaman dat deza aroote vraeestukken. heden of mor-

Meermacls hebben wy de opeubare aendacht en degene van
)0 1 over de die liet minis-
terle ten koste van 't laud in Viaeuderen gestichit heeft : de eersio
heelt het ons ten goede geduyd ; Ue tweede hebben wy viet kun-
nev opwekken. Den Viaming is sen de papen verkocht, bebben
onze Blaeusmavtiekens gezegd, en zy hebben geen acht op onze
aeninerkingen .geslagen.

Ziet hier noglaiis wat er gebeurd is :

lu verscheydene plactsen, en wy bestaligen het met genocgen,
de persoonen die met het ministerie gehandeld hadden, hebben

allerhande poogingen doet by verscheydeoe nyveraers, omdat zy
gemeld werkhays z0uden overnemen !

Deze vragen opgelost zyude, zullen wy er nog sudere voor-
stellen, voor wat de werkbuyzen aen deo beer Macs toeverirouwd
aengaen.

Nu aen een ander.

De openbare aéndacht is te Aelst opgebeurd geweest, op den
toestand van bet werkhuys van zyde sioften aldaer gevestigd-
Allerhande geruchien zyn 8 in de stad en in’ ver-
scheydene dagbladen verspreyd geworden. Wat moeten wy daer
van gelooven ? Welke van deze geruchien zyo er echt, welke zyn
er valsch ?

Dezelve vragen zullen wy doen betrekkelyk het werkhuys
van Oordegem. Den Denderbode, die van de zaek van Aelst geen

eerlyk en treffelyk humie overeenkomst volbragy ; aldus ‘s Betiy o1 gerept heeft, is verscheydene macl terug gekomen op aer-

hun mogelyk' geweest veel goed te verrigien, en Wy bebben
onder dit opzicht hen anders als lof we le zwaeyen.

In andere plaeisen, heeft juyst het tegenovergesieldo placts
Kerels alle krediet onweerdig, hebben nog min gedaen

dige zaken, die wegens gemeld werkhuys zouden besaen. Nog
ecns welke van deze gezegdens zyn er echt welke 2yn er
valsch?

Ouze begeerte om do waerheyd te weten is regizinnig. Wy

als men verwacht had. De gelden die 3y van 't
gekregen hebben, zyn nutteloos verkwist gewordeo, zonder

eenig voordecl "t zy voor de werkende klasse, 't 23 Yoor de ge-
¥ btz db ..!‘,.A ‘ 8
rigd Meermaels zyo er ons over hun gedrag wegens de

en telkens hebbea wy

hebben geen vooringe oordeel tegen hej een of bet ander
werkhays. Dat men ons belodne dat alles eerlyk en regelmatig
| geschied is, en wy do ce sen
toejuychen ; maer vooral, moet dit bewys gebeuren: Zwyg) menr
stil, wy zullen deze yd als eeve’ 1 d
an de bestaende geruchien te wederleggen aenzien, en alsdan
zallen wy, botst het niet, zoo 'klink bet, al onze inlichiingen

g aen den dag brengen.

Wemimn dunan naladen etintan wy da razia 3an welke. uvt
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