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1. Problem statement

Libraries and archives are struggling with optical character recognition (OCR) of old
machine-print fonts such as Gothic or 'fraktur'. This font was used in many important historical
printed collections such as administrative texts and the then (17" century) newly invented
'newspapers' with interesting and detailed reports on important developments and events.
When applying current state of the art OCR tools or sending the scanned images to large
well-known companies that provide OCR services, the returned results are still quite
disappointing. Problems are observed at all levels in the processing pipeline: binarisation
suffering from ink bleed-through, layout analysis suffering from deviating page designs,
marginalia and graphics, character recognition suffering from lack of pertinent font examples
and font variation (Roman/Gothic) in a document and, finally, linguistic post processing
suffering from an utter lack of encoded digital text corpora of suitable size. Actually, the OCR
process is often intended to arrive at such corpora in the first place.

2. Approach

A team was formed to approach these problems in four days, with a fifth day for reporting
(other teams were working on other industrial problems at the Lorentz Center, this week). The
team decided to address problems at all levels in the processing pipeline.

3. Team composition

Industry: Dutch National Library (KB) & KNAW Humanities Cluster (Huc)
- Mirjam Cuper and Rutger van Koert

Academia: - prof. dr. Lambert Schomaker (team leader, University of Groningen, Al/ML)
In alphabetic order: Mahya Ameryan (Al, University of Groningen), Koen Dercksen (Radboud
University), Jerry Guo (Technical university, Delft), Konstantin Todorov (ILLC, University of
Amsterdam), dr. Adriénne Mendrik (e-Science center, The Netherlands), Xue Wang (CS,



Leiden University)

4. Tasks

The processing pipeline consists of (1) image preprocessing, (2) layout analysis and
segmentation into meaningful text objects (lines, words, characters), (3) text recognition and
(4) linguistic post processing.

Adriénne Mendrik focused on modeling the overall process in order to arrive at a specification
of a modular work flow including performance evaluation, using her expertise on similar
processing pipelines encountered at the Dutch e-Science center, in medical imaging
applications.

Preprocessing: Jerry Guo (binarisation)

Layout analysis: Xue Wang (word segmentation)

Text recognition: Mahya Ameryan (characters), Lambert Schomaker (words)
Post processing: Koen Dercksen, Konstantin Todorov

5. Data & research questions

The first day of the week was used to delve into the problem. Schomaker gave a crash course
at the whiteboard on OCR to the participants who were from different research fields and
literature hints were disseminated. The problem owners presented a host of data sets and
problems. The post-processing group discovered an SQL database with recognized text and
wanted to relate it back to the original images. In itself, this appeared not to be possible
because the work flow in the application domain is more focused on the encoded digital text
than on image (pixel) related information. However, inspection of the Alto .xml files from the
commercial OCR company that provided recognition results, it appeared that the bounding
boxes (ROIs) of recognized strings were present in the .xml. This data set proved to be
usable by all participants. It consists of a newspapers collection in Dutch Gothic script (1662 —
1795) from the Meertens Institute (Amsterdam), 15172 scans in Jpeg2000 format, which is
common in libraries and archives, but not in science. The scans were converted to Jpeg by
van Koert, who also provided a server with GPUs. Collaboration tools were Google Drive,
Slack and Surf storage. The ensuing research questions (RQ) are:

1. Can we improve the recognition results by improving the binarisation of the scans?
2. Can we improve the detection of words, because the commercial OCR providers often
produce very long strings in the recognized output, with no blanks between words
3. Given the problems at the character level, wouldn't it be better to train at the level of
words, and how fast can we collect word labels from a tabula rasa setting, using

high-performance computing and a human in the loop (the Monk approach)

4. Contrarily, can we use the suboptimal recognition results from a commercial provider
(i.e., without human-validated ground truth) to train our own recognizers from scratch
and allow many recognizers to be applied to the same data?

5. What are the effects of using state-of-the art text transduction tools to improve the
quality of the OCR output to something that is closer to the intended language?

6. How does the performance evaluation work, at the different four stages in the
processing pipeline?



6. Methods

RQ1. Binarisation — The approach is to apply a number of traditional and deep-learned
binarisation methods to a selected subset of scans from the Meertens newspaper data.
Because no ground truth on the pixel intensities (ink/background) exist, as in the international
DIBCO competition, another performance indicator is used, i.e., the final recognition
performance of a common free OCR tool, Tesseract, on the data, which is used as the
measuring device.

RQ2. Word segmentation — The HUC (problem owner) already had experience with using
ARU-net (a U-net CNN, i.e. a deep-learning method) for baseline estimation. Because the
Alto .xml output contains the ROI on the position of blanks via the '<SP>' tag, a new network
can be trained, end to end, combining the line segmentation and word segmentation in an
innovative single pixel-to-pixel transform.

RQ3. Full-word recognition — The existing Monk e-Science service was used to bootstrap a
label collection process, starting from the tabula rasa condition), i.e., no labels. Scans were
segmented into lines automatically and oversegmented into word candidates. Users start to
label some correctly segmented words and an immediate process of data mining starts in the
background using nearest-neighbour matching (upon the first label) and nearest-mean
matching (with Nlabels > 1), in a high-performance computing setup. This is done using an
alternation between recognition and retrieval, yielding ranked hit lists that can easily be
labeled: the 'Fahrkunst' principle, Schomaker & van Oosten (2014).

RQ4. Fresh, end-to-end training of a CNN/LSTM using the suboptimal recognition results of a
commercial OCR provider as the training set. The OCR output is pruned to contain word-like

strings, starting with a letter. A small ensemble of five classifiers using plurality voting and tie

resolution is used. The performance evaluation is case insensitive.

RQ5. A current state-of-the art approach to language translation is to use word embeddings
(cf. Latent semantic indexing and the later word2vec approach) followed by an LSTM encoder
and an LSTM decoder. For word embeddings, we use BERT: Pre-training of Deep
Bidirectional Transformers for Language Understanding (2018), a pretrained network that is
fine tuned on the text to be expected in the Meertens Newspapers corpus.

RQ6. How to provide a modular pipeline and work flow, such that users in the application
domain can quickly evaluate different variants of processing? Ideally, tests are performed on
the grounds of a neutral party, such as a national e-Science server. Is this possible in all
cases, e.g. using virtualization or 'Docker' containers? In any case the overall concept for the
framework can be designed in the short time frame of the current project.



7. Results

RQ1 - binarisation

Jerry Guo demonstrated that binarisation methods are less important than envisaged. The
traditional methods deteriorate the OCR results. Deep-learning (Deep Otsu) does not
deteriorate the recognition performance noticeably, but leaving the input images — as is —
gives the OCR performance that can be reached. Tesseract was used as the ‘thermometer’.

RQ2 — word segmentation

Xue Wang showed that deep-learning based line segmentation (ARU-net based) can be
enhanced by adding word-segmentation suggestions, in a pix2pix manner. The model was
trained end-to-end, using recognition results (Alto.xml) of a commercial provider.

RQ3 — full-word recognition, from tabula rasa

Lambert Schomaker and Mirjam Cuper showed that the Gothic text could be ingested by the
Monk system. Manual labeling with machine support yielded 319 word classes, 1760
human-labeled images in under two hours. This data can be used to evaluate different
recognizers.

RQ4 - training a new recognizer on the basis of other OCR

Mahya Ameryan showed that an LSTM developed at AI@RuG could be trained end-to-end,
achieving a word-recognition rate of 88%. Notably, the recognizer was trained on the output
of a commercial recognizer, i.e., using word regions of interest and their OCR text as ground
truth (100% can not be reached). The result is favorable and compares to a character
recognition accuracy of 97.5% for a language with 5-letter words, on average.

RQ5 - linguistic post processing

Koen Dercksen and Konstantin Todorov used the famous BERT (word-embedding method by
Google) system to fine tune it (post train it) using the Meertens Newspaper texts, with
promising results.

RQ6 - performance-evaluation framework

Adriénne Mendrik modeled the work flow and processing pipeline in order to realize a
modular, adaptable framework in which individual component variants can be inserted to
assess their effect on evaluation. Performance metrics are considered within their particular
usage context, e.g., transcription and retrieval require different performance metrics, and the
object under consideration (characters vs words) also plays a central role in understanding
the performance of an OCR system.

8. Conclusion

This was an exciting project week with tangible results, that are expected to have an impact
on the ‘industry’, i.e., the KB and Humanities Cluster (HuC).

Notable is the fact that there is much more information in the recognition results of
commercial providers than is currently used. Massive amounts of training data can be
extracted. Apparently good recognition results can be achieved by alternative recognizers that



are trained on such imperfect data. By using user-friendly labeling tools, benchmark data sets
can be developed by the institutes themselves, which puts them in a more comfortable
position in dealing with OCR providers. The results present a promising picture regarding the
future integration of Gothic-font documents in current search engines such as ‘Delpher’.
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10. Appendix — Final slides presented on Friday (day 5)
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= Mirjam Cuper
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= Academia (team leader: prof. dr. Lambert Schomaker)
= Mahya Ameryan (Al, RUG)
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= |ndustry: KB & Huc KNAW
= Mirjam Cuper (performance evaluation)
= Rutger van Koert (tool benches image & text processing)

= Academia (feam leader: prof. dr. Lambert Schomaker)
= Mahya Ameryan [Al, RUG) - text recognifion
= Koen Dercksen (Radboud Univ.) = multimodal information processing
= Jerry Guo (TU Delft) - computer vision
= Konstantin Tedorov (ILLC, UvA) - computational linguistics

= dr, Adriénne Mendrik (e-Science center) - performance evaluation
dameworks

= Xue Wang (C3, Leiden Univ.) - object vision
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Data & environment

= Among all the data, we found a set that svited several sub teams:
the Meerten’s sel. Actually Koen wanted to go from plain text back
into the Alto XML, which was not possible, but then it appeared that
ABBYY put the bounding boxes of recognized fragments in
this metadata @

= Usable by Xuve, Mahya, Lambert, Koen, Konstantin, Jerry (i.e.all),
in each of the processing stages

= Conversion needed: Jpeg2000 (archives & libraries) is not often used in
science. It needed to be converted to regular .jpg

= Rutger provided server access with GPUs, and big external disks with data

= We used: Google Drive, Slack, Surf storage
Tensorflow & own tools, as well as some new coding (Python,Bash,C)

Alto.xml format snippet (Meertens collection):
labels down to the word ROI in the page image

= <TextBlock |D="P1_TBODDOZ" WIDTH="140%" HEIGHT="100" VPO5="253" HPOS5="112"
STYLEREFS='TXT_2 PAR_LEFT">
=TextilLine |ID="P1_TLOODD3' WILTH="405" HEIGHT="2" VPO5="252" HFO5="112">
<String ID="P1_STO0004" WIDTH="43" HEKGHT="2" WPO5="2582" HPOS="112"
CC="000000000" WC="0.94" CONIENT="UNrechife"/>
P <3P ID="P1_SPOO002" WIDTH="18" VPO5="284" HPDS5="158">
<Sfring ID="P1_STO000S™ WIDTH="4%" HEIGHT="2" VPO5="252" HPO5="172"
CO="0000" WC="0.94" CONTENT="Viy-"/>
<SP ID="P1_SPO000O3" WIDTH="18" VPOO5="284" HPO5S="241"/>
<String |D="P1_STO000&" WIDTH="103" HEIGHT="2" VPO5="282" HPOS="25%"
CO="000000" WC="1.00" CONTENT="daegfe />
<SP ID="P1_3F00004" WIDTH="18" VPO5="254" HPO5="341"/>
<String [D="P1_STO00Q7" WILTH="138" HEIGHT="2" YPO5="282" HPO5="37T%"
CC="00477380" WC="1.00" CONIENT="Cauranl.' />
=/Textline>
< /TextBlock>



Data: Newspapers (1662 - 1795)

Image Image

OCR Output Ground Truth
ABBYY
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Example ABBYY OCR Output

Wyt het Irg’r tot Gernhloers den 16 Inly. Heden defe morgen
arrlé weder een Courier, afgefonden door den Heer Kcubvotft
van Saxen, acn zyn BrittanifA he Majefteyt, met tyding dat hy
Heer KeAlirvoill de Franffen in dArricr-Guarde was gevallen
, @n een Conlidcrabele avantagichadde gekregen. Arl]} den
17 luly. Syn ExcAll: onfe Gouverneur legt met fijn

Detachemant nog tot Haren |, tiffclisn Bruffel en ilvoorden.
De Grasf] van Bergeyk Is nu allzen tot_intendant Generasd
gemaekt, om t Geld te ontfangea, en de Spaeniche Militie
alle Maenden te betalen. Geit den 15 luly. Op Sondag quain
hier een Flanfch Tamboer, om de party Franficn, betil hier
ingebragt, te rantfoeneeren ; 't welk ge- ' fchiedde. Doch la
Fleur wierd gifteren hier opgehangen, voor uien fy al 30-
Fiftalen hadden geboden, Ma dat de Gerantfoeneerden
buytcn de Pooit waren, deferteerden ‘et met der liaeft tien,
Oofte tdi Jen 18 ittly. {ins Convoy na Spanjen beliasnde uyt
17 Schepen, waer onder de Maegd van Gent, de 3t Jacob,
t Huys van QoAflenryk. en de Gaftanaga, is gifteren na Cadix

tzeyl gegaen.

ABBYY OCR Output

Ground Truth

Vit bt Irg'r ot Gernhioars den 16 Inly. Heden defe
morgen arra weder een Courier, afgefonden door den
Heer Kcutvetft van Saxen, acn zyn BrittanifA he
Majefteyt, met tyding dat hy Heer Keflirvaitl de
Franffen in dArricr-Guarde was gevallen | an @en
Conliderabele avantagichadde gekregen. Arl]} den 17
luty. Syn ExcAll: onfe Gouvemneur legt met fin
Detachement nog tof Haren , tiiffclisn Bruffel en
Vilvoorden. De Graef] van Bergeyk is nu alieen
ol Intendant Generael gamaekt, om t Geld te
ontfangea, en de Spaeniche Militie alle Maenden te
talen. Geitden 15 luly. Op Sondag quain hier een
Fianfch Tamboer, om de party Franffcn, betll hier
ingebragt, te rantfeenseren ; 't welk ge- " fchiedde
Dech la Fleur wierd gifteren hier opgehangen, voor
uien fy al 30- Piftolen hadden geboden, Ma dat de
Gerantfoeneerden buyicn de Pooit waren,
deferizerden "et met der liaeft tien. Oofte.tdi Jen 18
Iifly, {Jns Convoy na Spanjen bellaende uyt 17
Schepan, waer onder de Maegd van Gent, de SL
Jacab , 't Huys van Oalfenryk, en de Gaftanaga, |s
gifteren na Cadix t'zeyl gegaen.

Uyt het Leger tot Gambloars den 16 luly. Haden dese
morgen arri veerde weder een Courier, afgesonden
door den Heer Keurvorst van Saxen, aen zyn
Brittanische Majesteyt, met tyding dat hy Heer
Keurvorst de Franssen in d'Arier-Guarde wasg
gevallen, en een Considerabele avantagie hadde
gekregen, Aalst den 17 luly. Syn Excel: onse
Gouvemneur legt met sijn Defachement nog fof Haren,
tusschen Brussel en Vitlvoorden, De Graef van Bergeyk
i% nu allean tol Intendant Generasl gemaekt, om
Geld te ontfangen, en de Spaensche Militie alle
Maenden te betalen. Gent den 18 luly. Op Sondag
quam hier een Fransch Tamboer, om de party
Franssen, lasist hier ingebragt, te rantsoeneeren; i
welk geschiedde. Doch la Flaur wierd gisteran hier
opgehangen, voor wien sy al 300 Pistolen hadden
geboden, MNa dat de Gerantsoeneerden buyten de
Foort waren, deserteerden 'er met der haest tien.
Costende den 18 luly, Ons Convoy na Spanjen
bestasnde uyl 17 Schepen, waer onder da Maegd van
Gent, de St. Jacob, | Huys van Oostenryk, en de
Gastanaga, is gisteren na Cadix f'zeyl gegaen.
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Bottom-up word segmentation usinga
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pixel fo pixel deep-learning tool with
utger

= Goagl; Mode| —>find the word position & spaces in the image Lambert

= [Oataset: images & altoxml (with annotation about spaces and fext strings)

= Step l:clean the data and make the ground truth
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TRY TO REALIZE THESTRUTH..

Preprocessing
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We apply different binarization methods
= Local
= Global
= Both on plain grayscale input and DNN enhanced documents
We don't have ground fruth for binarization
We decide to compare the OCR results directly
= Tesseract
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Orasioneyk, o de Gulfanegs, iv gilbeems o Cadim rzey ) I 1

Gragiel dea 0§ Jaly. Sondag rrokken 1 Bandenbuep(e Regimenpen
g wors ms 't Cympement vantden Marjais de Gaffanags,fan ne moee
wen uus wan defe rzd Jey L, en Macsdig ' Regivnem Dregoeders van

Enhanced by DeepOfsu
+ adaptive mean

Tis# bt Loper det Gembiorrs drm 16 Pelp. Heden dele merges geei- -
m-i: wedte ern Courier, afgefonden doar den Hes kw.vﬂ van
Saxan, acm zpn Brincanifche Majcfepe . mee aypding dag by Mecr Keare
wontk dz Franifes imd Arrier-Geards war geezllen', en cen Canjide-
eshrle awanragic hadde gekregen,

JI'I-F dom vy fafy. Syn Exesllz onlE Cowvemen Iegi s in Deea- |
eheinent nop 181 Haren . rafTehza Araflel en Wilvoardm, De Gaaefl,
w3 Berpeyk m nu allecn rot Inrsniane Generar] grmaeds, om 't Geld |
uwul':l.sl;q. endg j‘;ﬂ:ﬂl’iht?‘ll"lklll‘:"l e bt betalon,

Grad dew o July, Op §ondap quiss hies eon Fraalch Tamboer, om
de party Franilen, Lerll hier & gt ransizensonen | o welh ge- -
fehzzdde. Dioch la Fleus wieed 2alleron hier uwn A, ¥oar wen |
£ 3l pos Fikolon hadden geboden, o du de Cermmfucneerdes Lug-
ten de Foore waren, defomeardes 'of met et haclk dien

Dalltwds der 18 luly, Ons Convoy ma Spasien bellesnde ey 1p
Scheges, wier oadi de Macgd van Gent, 82 51 Jacob , % Huys v
Onadignryk, e de Gilkanaga, ugilhllur-'lﬂadi’rr‘!ryl e 1

Gruginl dlea 0@ Jaly. Zondig rrokken 2 Bndenbueple Regimenren
tg warn gy 't Campemont vinden Marqms de Galfanags,sar ne moer
wen uig wan defe fiad Jewe, en Macedng "t Regivicen Dragoesders van

Enhanced by DespOfsu
+ adaptive gaussian



Preprocessing

Tt bet Lager oot Grmblerrs ofem 18 fuly. Heden dele morgen e
wevrde woder wrn Courier, iidenn door der Heer Eoorwondt wan
Faxon, aom 7v Briveanitehs Mapeftepe , miet Lpdang dar hy Hoer Krurs
woi ik de Franifen mod Arriers Gracde was gevalles ', oo eon Ceadde- |
rah;le svantagic hadde sekregen. |

Anif dem 1y Fule, Bpih Eneclls ende Gouwerneor legt met fijn Dera- !
elganzig nog 100 Haren , maflchzs Beallil en Vilvcarden, De Gl
wan herpeyk i nu alleen 1og Ineendans Cxenevas] ek, e 'y Geld
i axnrfaszes ,, pndg Spaeniiiie Milinie alle Maenden te besalen,

Grod dem ol July, Op Sendag quam haer e2n Franlch Tamboer, om
de pumy Franden, Laeclk hier ingehrage, te ramtinenaeren | 't welk ge-
Fehpedde. Dach la bb=ar wiend Fil‘l.ewnhm: UIF!|IIHR¢:I. YOO W
iyl ;== Filkolen hadden gch 3 dar de CGeram i by
bemde Poore waren, delermenden ‘e it det kacd rien,

afeade dim 18 latr, Ovs Comvor m Spanjrm beibaesde upr 1y
& weer onder de Mzapd van Geney de Se Jsenb, 't Hays van
M'ﬂffk.hdfuﬂlﬂﬁ.h:'iﬁnm'ﬂc:ditt'ufg 30 |

Beaifel dra 18 Jai= Sondes rrakien 2 Brandenborny fpimenems |
b warr v '3 Cimpemaent vastlen Sarqois de Gafbanama,dss no meer |
wen g van dele Srad leyt, en Mueedeg 't Repimenr Dragondess vam

Plaininput
+ Niblack

Preprocessing

Tt bee Loger it Grmblerrs v 8 uly. Heden dele morgenari-
woorte woidesorn Courier, afrefonden doar dew Heer Beorwoydt van
agm xvn Brivcanitehe Mapcflepe o et trding dac hy Heer Keurs
wucth e Frantden mod Arrier Goacde was gevallos |, en een Cewdde- |
Fab e rrancagie hadde sakaagen. |

A dem ¥ fads, S Exesll: onde Gooverneor lspr mes fijn Dora-
rang tot Hiren, nflccs Benllid oo Yilvoonden, De drsef
£ revk i nu 3lieen 104 Incandans Canevael ek, o 'y dachd
T2 amraegen . ends Spacniche Afilinie afle Matn L Liezalen,

Grped dem off Jaly, Op fendag quam heer een Frantcs Tamdost, om
d= pasny Franden, Lecik hier inzebrage, 1o ramtinenoene | ' well B
Febwdde. Mach la & bzar wiend Eil‘l.l!r\ﬂ' Bier DIFI|II £, VYOOI wwmE
fral ;== Pitolen hadden geheden, Xa dae de Cerani fueneerden buy -
temade Foorp waren, delormeendon ‘or et det hacdl rien,

aflpade din 1% Loy {5 Comer ma Spanfen beibaesde wer 1o
Hchicgen, weer omder de Mgl van Genr, de Se Jsenb, 'F Hays van
Oniitrerk, rm de Uiflangra, u:'iﬁml\:!::di'rl:'wﬂlfﬁun. i

Beuiini alva 1§ Iais. Gondes rrakien @ Bondenbmrp(z epimenem
b e En (L GaRipEmaEnE wasilen alaenuis de Liafbanaraalzy no mesr
L L van dele S8 Iitl, en Misedep % Reromenr Mregondess van

Plaininput
+ Sauvaola

TTot ke Doper et Combiorrs dem 18 Puly. Heden dele merges geri-
wevrde wedst oen Courier, @ nden Soor den Heer Eoureorit van
S3wom, ALh IFN ml:nnil-'ril_v ajcfiere o mex iy ding dar by Heor Bear
woulk de Franilen im d Arrier-Geardy war geezllon , e oen Canlide
rabcle awancagic kadde gebaegen. i

A#f dew i faly. Syn Exccll: onfe Gowvemenr bags met (i Deea-
e}mmu: nop 1og Haren , tefichzs Braflel en ¥ilvoarden, De Gessf
wan lerpeyk i nu alleen rog Inrandane Generael prmahe, om 't Geld
1o anrfaeges , endg Spaenlche Milicke alle Maenden te beralen.

Geod dem ol fuly, Op Sondag quis hics een Frutieh Tambosr, om
de purty Franflen, I}H:IE hiler i:lgr%ﬂ;t. L] ranslaenceren | 1 welk i
I:hzd{:. Diach la Flaas wieed &dm hder u?ehlngn, TGP wirn
£y ad poc Pitkolos hadden geboden, Ha da de Gersstformeerdes buy-
Een de Poore waren, delcrmeendon ‘or mee 22t hacik divg,

@efleady dyn 13 July, Ons Convey ma Spasken bellecnde ey 17
Schoges, woer omder de Maged won Genr, d2 51 Jacoh , “t Huys mas
Dadeneyk, ehde Saikanegs, is gilberms i3 Cadorrzeyl [ 1

Brafef dea v Jaly mdu &kem 2 Brantenl r{!ﬂ;‘

g wore a1 Cympement vaniden M rais de Caflanaps,fan me maee
cen s wan defe frad Jeyt , on Macsdieg 't Reginrss Orvgoeders van

Enhanced by Deeplfsu
+ Miblack

Tt bee Poper ot Gemmhioers dvm 14 Puly, Heden dele morgem geri-
wovrite weidet pon Courisr, .}?ﬁ.mnm den Heer Krurvorft van
1 K ;d.—.: hy Moy Kesg-

-0y w0 een Contaiis

Saeon, acm zem Bricranifehe Majcf=re, mert
woctk de Franilos i d’ Arreec-Geapds war gee
e, Iz awancagie badde gekregen,

.!.4:.? dem oy fafy, Syn Esesll: onfE Gowvemeur Bept mse Ggn Deea-
e inent ang 107 Hiren, refithza biraflil en Vilvooodem, De Gezel
wvaa ierprvk @ nu alleen rog Inrendane Grmrazgmuh, o 't Lackd
Te amfaeacs , ends :‘!ﬂ:ﬂﬁ.htﬁ”'“ﬂi“‘!"l e bs beralen.

Gredden o fuly, O Sumdag quam hies ecn Fraanlch Tamboer, om
ds plﬂz Franifen, becll hier ingrbrazt, se ranslcnzeren | 1 welk i
Febpedde. Dach la bleus wieed 2illeron hier u@n i, *oOr wrn
iy ad ;== Fitnlem hadden gehodes, Ba dar de 1 furneerdes buy -
tcn de Foore waren, delomeerdos ‘or ines et hacit sen,

Aallpedp dem 1% laly. Ons Convoy m Spamien beflesnde ey 1
fchoges, wier ooder de Masgd wan Geanr, 2 51 Jaonh . % Huys ¢
Orisienryk, o de Oakanega, ie pilberne a3 Cadirveey| gepaen

Beagiei diva 0§ Jaly. Sondig rrokkem 2 Bondenboeple Regimenren
g wars gy 4 Campement vinden Blaprpis de Gaflapagadar me mey
o ueL wan dele Szl v, en Mieedrg & Repancen Dregoasdess vaiy

Enhanced by DespOfsu
+ Sauvold




Preprocessing

Tt ket Laper oot Grmbievrs ofem 18 fuly. Heden dele morgen
weerde weodet orn Courier, afeclonden door des Hesr Eeoreeqd win
Eav.m, aoem xvn Brivranitehe Majsfteps o me cpdiog dar hy Heer Krape
woe ik d Franifen wnod Arrier- Grapde was gevalles, oo oo Ceasde- |
#able rrantagic hadde gekregen. |

Asif dem vy Fuly, Syib Execllt ende Gouwerneor lept mex fijn Dora- |
eheinsng nng 1ot Hiren , trllchan Beaflcl e Vilvesrden, De Grasef
wan bergevk i nu albeen 1o Incandans Cenevsel glwrml-:l.e-m'- dacld
1 axnpfamgen ,, endg Spaenlitie Milivie alle M e bezalen,

Grod dem off Jaly, Op Sendag quam hécr e2n Franlch Tamboer, om
d pumy Franilen, laeclk hier inze rJ;:.'l_n:m'ﬁ'!mwrfnL 't welk ge-
fzkedde. Tiach la FE=ar wierd giferen hier o ngEs , vaor wam
rad 5== Piﬁulmh#ﬁpqﬂh n em, Madar de ntlueneerden bay-
tengde Poore waren, delermendeon ‘et it dee ack rien,

Aafieade dim 1K latr, Ovs Comor m Spanjom beibacsde upr 17
Schepes, waet onder de Maspd van Genry de Se Jsenb 't Hays van
Mmqu.tl:dfﬁﬂlw.ilﬁﬂnmmﬂﬁitt'mﬂé?;ﬁq |

Beafiei dra v Jai=. Sondig rrakien 2 Brandenbany FpimenIes |
o worr e 1 CEmpemaent vastden Aaeqois de Gafbanaea,das no meer |
wen g van dele S1ad Jltl: o w0 Miesdep 't Repommenr Dragondess van

Plaininput
+ Otsu

Preprocessing

Prai bt Fogee ot Gomb'aprr olew 16 July.  Heden defe mocpen o
wovrte wedee ore Courire, afpefonden Soor den Heor Brorwerd] van
Sawon, agm rvn Brncamideks Mapeflepe , me ending dachy Mewr krear:
wonth e Franfon s d Arrier- Giuarde wan gevaloen | oo een Ceaside- |
fdh:le svantagoe hadde M.

Aa' den |;-':.rr. ﬁ:mﬁ:oﬁ Couwernenr lept inet fijn M- |
e winsnn ang 1o Hven . eallchss Bealel oo Vilvoarden, De trsef,
w3 besgevk i nu alloen 1oa Inrendang Cxnanas] eh1, en g dald
1 anjfamgem , gndy "phﬂrl.'!t Sl ale Maen e betalen,

fipsd dem ol Tmly, ©3p feondag quam heet eon Eranich Tandeeer, om
de pasey Franden, Laeeil hier ingvbrage, te rastlomeenen |t welk ge-
m.«i Thach la bl wietd gofberen bier IEMEES , va0r wam
iy ad ;-- Filiolen hadden peboden, % dit de Cerantlornemden [
tonde Ponre waren, delcneerden ‘o vt dee haclt e,

allpnds dew 1B lucp, i Convey no Spanien beibaesde upr =
fcheped, witl el de Masgd van Geenl . de S5 Jhonb , "t Heys san
Cralirme ke, ra de Lialamaya, 0 pulienen ma Cadin e 2ev) gegaen, |

Brafini dva of Jaiv. Somlpg rrokien @ Brindenbarp(e Begimengm
v warn g 3 Gamipemant viacded Slanquid de Gaftanagsadze no maer |
o ML wan dele dad JI[I o #n Micndeg W Reprmenr Mragordes; can

Plain Input
+ Otsu blumed input

Thaw et et Gombiores drm 15 Pudp. Heden dele psrges eei-
mi‘: ITELE:II Couricr, afgefanden door den Heer Hmw’u‘r‘l’l van
S22, AL TP n'l'l:l:anil.'tﬁ_v ajcfiere o met 1 ding dar by Heor Kear
wouik d= Franiles im d Arreec-Geardy war geezilon , en ot Cunlide-
rabcle awancagic kadde gebregen.

Asif dem 1 Fafy. Syn Exes |2 onfe Geowvemneur begt mer (jn Deca-
eheingnt nog teg Hiren , teflchzn Braflel en Vilvoaoden, De Gezef
wan lergeyk i nu alleen rog Inrandane Genarar] prmaehe, om 't Geld
1 anrfaeges , endg Spacnlche Milicie alle Maenden ve beralen.

Grad drm .n’.l.u. Op §endag quam hies een Frudileh Tamboer, om
de gl.:z Franiles, lm:E hier 'un[::iﬁl;t. t ranslzencenen | 1 etk i
zkedds. Diach la Fless wieed s,_-lﬂm hier u?ehngn, TG wien
iy ad po Pikolem hadden gebodes, Ha dat de Gersmtforneerdes buy-
Een e Poore waren, Selcmeendos ‘of Mt &2 hael divp,

@l emdly dym 15 Inly, Ons Eamm -21*“ beilaende wpr 17
Sl’j:pﬂ..hlﬂoﬁdﬂdtbl:wm v 8250 Jaceb , % Huys e
Dadienoyk, e de Dakanaga, s gilkerns 52 Cadim s zey) e

Bragiei dra v July. Sondag rokken 2 Bandenbuep(e Begimenren
g wors s ' Cimpement vantden Marqeis de Gaffanaps,dar me mace
cen i wan defz fr=d Jeyt , oo Macsdeg 't Reginren Dmgoeders van

Enhanced by Deeplfsu
+ Otsu

Pan bt Eopre pai Gombinerr dvm 16 Pelp. Heduon dele prsiges aeei-
wecrle wedee oro Courier, afgefonden door den Heer Keurvor it wan
Spwon, acm zen Bonrambhe Majcflere, mee avding dag by Moo L-w
worth de Franifon vd Aorreer Gearde wan geezlhn , an een Cantot-
#ibi;le awancagic hadde gelinegen.

A e den 1y faly. S0 Enerll: anfe Coavermneur e mec Gon Dipea-
evinent nop 189 Haten , taflch=a Braflel en ¥ilvoardom, De Gezel
w13 herpeyk monu alleen tof Enrandane I:.E'MH:_EME, ot Ll
1 enifaeges , endg Spacniche Miliore slle Maonden ie beralm.

Gred dem ol July, Op §omdap quis hies con Frsnlch Tambeer, om
de pasuy Franilen, Lerll hier agt, B0 ranslorncenen |t welk "
ek . Thoch la Floss wiced t—ﬂm her NEEA, ToOr wwn
i ad po= Filinloe hadden gebodes, B du de Cermmaforneerdes by
ten de Foore waren, deloneerdes ‘ot mee det harit fen

Daflpwds dym 18 luiy, {ina Convoy ma Spasien beflesnde wpe 1=
Schrpes, wier ondei de Masgd wom Gont, 82 S0 Javob , ' Huys e -
Cuilipreyk, rade GI.E.H*:, it :I“Kll’. ad Caday Tyl Ergaen

Brafisidva 1§ Iuly. Sondag rokken 1 BEnndenbueple Repmenren
g warg my 't Campement vinden Alarran de Gaflanags,dan ma mser
1 N R d:‘f\' ad ]ﬂ_l - ,‘I.!l.:hfq e Begwncea Dregaesdety van

Enhanced by DespOfsu
+ Otfsu blurred Input



Preprocessing

QCE: Ground truth

Uyt het Leger tod Gemiloss den 15 uly, Heden dess margen ami
vemmle weder sen Couner. ofgesonden doorden Heer Keurvorn
t v Smesry gmn zym Brittaneche Mojedeyt. metbpding doiby H
wor Ksurvord de Frorassn in o Amer

Cugrde win gevollen, en sen Cormidembels oeantogie hodds
gekmgen, Aokt den 17 k. B Excel: onss Grovemeur legh me
t 85 Detachemerd nog iod Horer, fumchen Brumsl en Vivoomian
D= Grosel von Bergevk is nu dlisen tot Fdendant Gerergsl gem
ekt o 't Gald te ontfangen. en de Jposrache Mite obs Mos
nden e bebalen, ..,

QCR: ABBYY

W Pt gttt Camblosns den 14 Ink. Heokn daha rcegan oriing
Bl sdar man Coner, ofgelondan doar den Heer Kottt o
o Sanahn, acn o B ordtE T Mapttagt. net tpcing dent by Hiar
Eadvirenitl da Fromfon in d Ao

Cosarcks wie guvilles - & ln Canlderabala avarogichacds g
akregan. AM]| car 17 Iy, By BxcAl anle Gevermsar Kt med T
1 Dahacharrset rexg ot Horer  Hfclkn Brutal an Vivesnden. De &
foed | wan Bangeak B nu ol hot_irdandant Condiadl genoekt. o
m ek fo erflongen. en de Sposricha MG ol Mosrdan 1a
B, ...

Preprocessing

Flain+ Ofsu
Tod kst Lagar tat Gamidoan: dan 14
Tk, Hadan dafe morgen arti-
| wesrde wedersen Courder, aiged
onden door den Heer Keurvorft wan
ioxen. aenzyn BiHanifzhe Mojefte
v et hyding <ot by Hesr Saus-
Wil o Fronflen in d” Armiar-
Gugrde wos gevdien eneesn Cond
Ide-
-rabzie avardagle hodde gekrage
n Al dan OF Inly, Syn Excal ohle
Gouemanr el ..

Cistance (low is good)

Distorce
= Flain groyscols m Floin graysoale + odopiwe meon
®Flan groyscole + adaptive gousson ®Picin grayscale + Mibkack
& Flan groyscole + Sauwio
B Flain groyscole + Stou bl DN ertanced
BLONN anhonced + odopthve meon 8 Dk enbonced + odoptve goussion
=M enhorced + Hblock m DN erfanced + Sauvala
B[O anhorced + Cisu = DK anbanced + Ofss biur
B AREYY

® PlEn geayssale + Oy




Similarity
Similarity (high=good)
100

|
[

Simiartty

BHEAHL 2B S

B Rain groyscols & Plcin grayscale + odopihe meon
B Flan griogicole + adaptive ooy m P
An grayscale + Ofsu

T Fdystale + Miblack

= Fain groyicole + Souwlo

= Flair groyscole + Ot by m D eranced

BOHN saphorced + adopihve meon 8 DK srhanced + odoptive goussdon
MM anhorcsd + Mook DMK srbanced + Sauwsia

mOMN enhorced + Ofsu m Db erbanced + Ofos bl

W ARAYY

Pra-processing e SB::; n'hanta;iun — Racognition
Layout

Post-processing

. : Evaluation
! Results ; {u— Metrics \




Lambert

Data: Newspapers (1662 - 1795)

Image Image Text Text

Ground Truth

ABBYY

Coe e - Extracted word-candidate image data set
({ROIs with provisional ABBYY labels)

Mahya Ameryan

TE')(i' e C{j-g N |f|0 N Lambert Schomaker

= g) Tabula rasa start from zero labels on a Gothic-script collection: Monk
Vs

= b) How to exploit the sub-optimal recognition results from commercial
providers by using the image ROIs from the XML metadata




Lambert sSchomaker

Text recognition/a — Monk demo

{ = Tabula rasa start from zero labels, on a Gothic-script collection: Monk

= 434 scanned pages (Geleghentheyt ‘sHerfogen-Bosch)
= XML of commercial provider contains a lot of exotic unicode
= Normalized (flattened) to ASCI to facilitate perfformance evaluation

/- Two labelers, not more than 2 hours of work
= Harvested 319 word classes, 1740 human-labeled images
= 5 5M candidate images processed, leaming is going on

= Method: Alternation between a recognition & retfrieval engine: ‘Fahrkunst’ principle
“HPC + Human in the loop”

wih Costern & Sf"'h!lf'l"luk"l' I,?Cl 4. Separabiity verus protat ,’,Oll_{ilr'f in Faonawritten
word-moge retnaval, Pottem Recognition, 473, D, 1021-1038

B e - B - T CRL YL SR Wi G o [ JJF3 " ...

Lambert 3chomaker
Monk
[ ]
! BINCTEI a I
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Mahya Ameryan

Text recognition/b: exploiting ~ kemPensenomaker
results of ‘commercial’ recognition attempts

Methods of labeling:

= Machine labeling: Maybe low qu‘uliiy, but massive data

How to exploit the sub-opfimal recognition results from commercial
providers by using the image ROIls from the XML metadata?

= Using the ‘Meertens' data set:
scans + sub-optimal recognition results from the Allo XML format

= Collect image ROIs with word candidates+ their provisional labels

Data & result of Word recognition

Mahya Ameryan
Lambert Schomaker
#lmages #Classes #Classes
case sensitive case Insensitive
Train 10,037 701 454
Validation 3,346 865 &18
Test 3,344 &45 &18
Total Dataset 16,728 736 &89
« Alphabet size is 48; it includes [A-I] [a-Z], digits, and A ? = - . &
s A CHNN/LSTM model was trained
« B8% Word-recognition accuracy (while 1005 can never be reached!)

Mahyo Ameryan & Lambert S3chomaker [2017), A Imited-size ensemible of homogensous CHMN LTS
far high-pedormance word classification, arkiv: 191203223



Mahya Ameryan

Text recognition/conclusion  temeenschomaker

= |n current practice, the ROls (images) of recognized words are never
used
Our results show that this information is highly valuable, even with errors.

= Next steps:
= Cleaning up the data: Filter out strange OCR results (words start with
letters) and assume that a word string that happens >n fimes is not a
coincidence: it may be a lexical word ( n=5 or 10).
= Applying the method on a more realistic 4894 (5K) classes
= Raw ROl-image extraction from .JPG/. XMLis ongeing:

22k classes, 78k instances cn 24/1/2020, 4:00AM,
to be recognized later

Image : Image
"""" RO
Pra-processing e Segmentation — Recognition
(Layout) (characters)
Text
Posi-processing

a—f friiesasi Metries | "y, L cccciiiceiaea 1

T : Results : {u— Evaluation
- Gro




Konstantin Todorow
Koen Dercksen

Linguistic post processing

= Problems in OCR can be solved on the input side,
but also on the output side

= Goal: to improve garbled digital text output from OCR to
something that is closer to the target language

Konstantin Todorow

Deep learning approach

= BERT - state-of-the-artin current NLP tasks
= Transfer learning:

= lise pre-trained BERT

= Fine tune so it learns Old Dutch

= Machine translation model
= Assume uncorrected and corrected as two different languages

= Train a neural network to transform uncorrected to corrected text



Uncorrected

Uyt der MofA ou heeftenen van den 14
Juny , dat den gednriccn brandt in die
Stadt confinueerde, apparent
/rfbrc:ndersqengrlfﬂehf. op den

Konstantin Todorow

Translation goal:

Corrected

Uyt der Moscou heeft men van den 24
Juny, dat den gedurigen brandt in die
Stadt confinueerde, apparent door
moortbranders asngesticht, op den 12
Juny branden alleen 5000 Huysen,
veele Ammunitie, ende 644 menschen,
op den 22 Juny 000 Huysen met vyf
Craarse Cancelyen ende een groot

getal menschen

Konstantin Todorow

Text

represantatian
embeddings

BERT

Uncorrected article

:

b
LSTM Encoder

LSTM Decoder

Predicted output



Konstantin Todorow

Language modelling

Lyt "-.-'er'.f‘fien. den 8. dito, De Turxse Roowverszijin met sulcken menighte in de kuste[Golfe] van
Venetien, dat dasr daerlijck[qualijck] een Schip door passeren kan sonder ghenomen e
n ; dai[doch] men hoopt dot daer inwel hoest sal versien worden

= Predicted

= QOriginal
kKonstanfin Todorow
Text Uncorrected article
representation ' '
embeddings

Fine-tuned BERT

LSTM Encoder

Sequance-
-SEqUENCE

Lt LSTM Decoder

PO ROSN WRR

Predicted output
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