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Digital libraries

> main goals > standards

> preserving cultural heritage > FOXML
> wide and distant access > Fedora Object XML

> machine learning (LLM) > MODS
> Metadata Object Description Schema
> DC
> Dublin Core
> ALTO
> Analyzed Layout and Text Object
> 1HIF
> International Image Interoperability
Framework
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Digital library objects and usual (meta)data

Data Object Medata

{ I FOXML MODS DC
POF . ﬂ ﬂ ﬂ m
Monography
Page
ALTO TEXT
» FOXML MODS Dc IF
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ALTO TEXT
FOXML MODS DC IF
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DL4DH
Digital Libraries for Digital Humanities

> Development of tools for more effective use and mining of digital library
data to strengthen digital humanities research
> 2020-2022
> supported by the Ministry of Culture of the Czech Republic (DG20P020VV002)

> making data available for data mining

> Kramerius
> system used by Czech digital libraries

> set of applications
> to enrich textual data (NLP) and convert them into CSV, JSON and TEI format
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Conversion process (pseudocode)

> for each page
> get ALTO
> identify paragraphs in ALTO blocks

> for each paragraph

> extract plain text

> analyze plain text with UDPipe
> get sentences + part-of-speech, lemma, and morphological categories for each token
> returns results in CoNLL-U format (tab delimited text with structure)

> analyze output from UDPipe with NameTag
> get named entities (return results in XML format)

> convert results from UDPipe and NameTag to TEI
> keep metadata about used service (name, link, license, used data model)

> merge TEI into one document

> convert ALTO blocks to TEI

> use TEI paragraphs from previous steps
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Conversion process (pseudocode) - cont.

> use FOXML (Fedora Object XML)

> contains metadata for one publication; includes MODS (Metadata Object
Description Schema)

> convert to <TEI>
> convert MODS to <teiHeader>
> use metadata about NLP processing from one TEI document from previous conversion
> for each page
> take TEI from previous conversion

czaoHl] €

BL



ALTO blocks and paragraphs

> TextBlock in ALTO

> should represent "A paragraph of text" (ALTO <Styles> & <l.ayout> Usage)

> usually represents block of the text with identical typography parameters
> alignment (left, right, block), line spaces, left and right indent

> may contain
> multiple paragraphs

> part of one paragraph
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ALTO blocks and paragraphs - cont.

> Solution

> for each line (TextLine) in the TextBlock

> take values of horizonal position and width
> compute additional values
> number of words, number of spaces, number of characters,
> whether line starts with uppercase, whether it ends with hyphen
> compare current values for the line with average values for whole block

> based on the results of comparison: the line represents beginning or end of a paragraph, or line
between

> merge lines between start and end into one paragraph
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<TextLine BLSELINE="528" HEIGHT="38" WIDTH="251" VEO5="488" HPOS5="180">
<5tring CONTENT="pfipadné&™ HEIGHT="37" WIDTH="153" VPOS="4%99%™ HPOS="180" />
<5P WIDTH="13" VEDS="498" HPOS5="334" />
<String CONIENT="dary."™ HEIGHT="37" WIDTH="83" VPI5="498" HPO5="348" />
</Textline>
<TextLine BLSELINE="577" HEIGHT="38" WIDTH="57" VEOS="548" HPFOS5="773">
<5tring CONTENT="§5." HEIGHT="3&8" WILDTH="37" VPO3="3548" HPFO53="T7T73" />
</Textline>
<TextLine BLSELINE="§47" HEIGHT="43" WIDTH="1171" VPOS="613™ HEQS="245">
<5tring CONTENT="Clenstvi™ HEIGHT="33" WIDTH="139" VEOS="§16" HPOS="245" />
<8P WIDTH="11" VEOS="€20™ HPOI5="385" />
<String CONTENT="we™ HEIGHT="20" WIDTH="37" VPOS="628" HPOS5="387" />
<SP WIDTH="11" VEOS="g28™ HPOS="435" />
<String CONTENT="spolku™ HEIGHT="37" WIDTH="111" VEO3="€19" HPOS="447" />
<8P WIDTH="11" VEOS="€19™ HPOI5="5548" />
<String CONTENT="jest™ HEIGHT="3&" WIDTH="57" VPOS5="619" HEOS="571" />
<5P WIDTH="10" VEDS5="g25™ HPO5="629" />
<String CONTENT="pouze"™ HEIGHT="27" WIDTH="100" VEIS="628" HPOS5="640" />
<8P WIDTH="11" VEOS="€20™ HPOIS5="T41" />
<5tring CONTENT="&inné."™ HEIGHT="30™ WIDTH="9%™ VP0OS="§18" HPOS="753" />
<5P WIDTH="12" VEDO5="€1l3™ HPOI5="853" />
<5tring CONTENT="Clenem™ HEIGHT="34" WIDTH="129" VP05="613™ HPOS="866" />
<8P WIDTH="11" VEOS="g28™ HPOS="998" />
<5tring CONTENT="se™ HEIGHT="19" WIDTH="32" VPOS5="628" HPO5="1008" />
<8P WIDTH="11" VEOS="g28™ HPOS5="1041" />
<String CONTENT="miZe" HEIGHT="28" WIDTH="41" VEFOS="§19" HFOS="1053" />
<8P WIDTH="11" VEOS="g27™ HPOS5="1145" />
<5tring CONTENT="stati™ HEIGHT="29" WIDIH="71™ VPOS="6l8™ HPOS="1157" />
<8P WIDTH="11" VEOS="€l8™ HPO5="1229" />
<5tring CONTENT="kaZda™ HEIGHT="28" WIDTH="45™ VPOS="619™ HPFOS="1241" />
<5P WIDTH="11" VPO5="€19™ HPO5="1337" />
«5tring CONTENT="gvwvé-" HEIGHT="28" WIDTH="6&7" VPOS="§19" HPOS="13439" />
</Textline>
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<line

<line
<line
<line
<line
<line
<line
<line
<line
<line
<line

hpos="241"
hpos="180"
hpos="174"
hpos="768"
hpos="241"
hpos="181"
hpos="180"
hpos="1773"
hpos="245"
hpos="182"
hpos="184"

width="1173" string="11" sp="10" l=ngth="5&" hyphen="0" uppsrcass="0" id="" texc="7. Udriuje stélé styky 3e 3vym ustcisedim, jir
width="1233" string="12" sp="11" l=ngth="55" hyphen="0" uppercass="0" id="" text="w povenesenl wvenkova v Praze, pfijima jeho 1
width="830" string="9" sp="8" length="45" hyphen="0" uppsercass="0" id="" text="ukoly, které ma v ramci téchto stanov ustiedi 1
width="64" string="2" sp="1" length="3" hyphen="0" uppercase="0" id="" text="§ 4."/>

width="1175" string="8" sp="T7" length="54" hyphen="0" uppercass="1" id="" text="Hmotnym prostiedkem r dosaZeni spolkového udte:
width="1234" string="10" sp="9" length="62" hyphen="0" uppercass="0" id="" text="Jmeénl, jef segmatfyic flenskymi prlspevky a
width="251" string="2" sp="1" length="13" hyphen="0" uppercasse="0" id="" texc="piipadné darﬂ;.

width="57" string="1" sp="0" length="3" hyphen="0" uppercase="0" id="" text="§5."/>

Width="1171" string="12" sp="11" length="57" hyphen="1" uppercass="1" id="" text="Clenstvi ve spollu jest pouze cinmé. Clenem

width="1236" string="11" sp="10" l=ngth="60" hyphen="0" uppercass="0" id="" text="pravna fvsicka osoba, ktera jest pfijata wyl
width="613" string="5" sp="4" length="30" hyphen="0" uppsercass="0" id="" text="pfihlasku anebo £ usneseni vﬁhoru.1 rnle=“end“4
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NLP enrichment of text

> external services operated by LINDAT/CLARIAH-CZ
> research infrastructure, https://lindat.cz
> UDPipe

> identifies sentences and tokens
> assigns a lemma and morphological annotation to the token

> for 80 languages

> NameTag

> tool for named entity recognition (NER)
> persons, geographical places, institutions, time and numerical data, etc.

> for 20 languages
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NLP enrichment of text - cont.

> Problem

> NameTag and UDPipe input formats
> plain text
> vertical (1 token per 1 line, empty line denoting end of sentence)
> CoNLL-U (1 token per line, empty line denoting end of sentence, extra metadata)
> (no XML)
> NameTag output formats
> XML
> CoNLL-U
> UDPipe output formats
> plain text
> vertical
> CoNLL-U
> Matxin
> tokenization may be different
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NLP enrichment of text - solution

> extract plain text from ALTO

> use UDPipe for segmentation and morphosyntactic analysis
> use language from metadata for analysis

> output in CONLL-U format
> convert CoONLL-U to TEI

> use NameTag
> use CoNLL-U output from UDPipe as input + language from metadata for analysis

> output in XML format
> convert XML to TEI

> use TEI from NameTag
> merge attributes from corresponding tokens from UDPipe
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UDPipe CoNLL-U

k generator = UDPipe 2, https://lindat.mff.cuni.cz/services/udpipe

# udpipe _model = czech-pdt-ud-2.15-2411231

# udpipe model licence = CC BY-NC-354

# newdoco

# newpar

$# sent_id = 1

# text = 7.

1 7 7 MM =" HumForm=Digit |HumType=Card 0 root _ Spacelfter=Ho

2 FUNCT EZ:--—————————- _ 1 punct

$# sent_id = 2

# text = UdrZuje stdlé styky se svym ustiedim, jimZ jest spolek Sdrufeni x povIneseni venkowva v Praze, pfijiméd jeho rady a pokyny a provadil ukoly, kte
1 TUdriuje udrZovat VERE VB-5---3P-LAI-- DLspect=Imp|Mood=Ind|Number=3ing|Person=3|Polarity=Pos|Tense=Pres|VerbForm=Fin|Voice=Act 0 root
2 stéle stédly ADJ RAIPd4-——-1L--—- DRnimacy=Inan|Case=Acc|Degree=Fos|Gender=Masc|Nurber=Flur|Polarity=Fos 3 amod _

3 styky styk HOUM HNHNIPd---——- A---- BAEnimacy=Inan|Case=icc|Gender=Masc|Humber=Flur 1 obj _ _

4 32 3 ADP RBV--T-——————- AdpType=Voc|Case=Ins & case _

5 svym sviaj DET P2ZST-——————— Case=Ins | ender=Masc,Heut | Humber=5ing | Poss=Yes | Pronlype=Pra|Reflex=Yes & det

& ustiedim Wdstiedl NOUN NNN3T--———- A---- Case=Ins|Gender=Weut |Number=5ing 3 nmod _ Spacekfter=Ho

7T , , PUNCT Zi-—-—-——--——- _ &8 punct _

2 Jjimf JjenZ FRON P4ZST--——-—-—-—- Caze=Ins|Gender=Masc,Neut | Nurkber=5ing| Preplase=Npr | Pronlype=Rel & acl:relcl

9 jest byt AU VB-5-—-3P-RRI-2 Lspect=Imp|Mood=Ind|Nurber=5ing|Perscn=3|Polarity=Pos|Tense=Pres|VerbForm=Fin|Voice=Rect 8 cop _  _
10 =polek spolek NOUN NNIS1-——-- B———— BREnimacy=Inan|Case=Nom|Fender=Masc|Nurker=5ing 2 nsubj _

11 SdruZzenl sdruZenl NOUN HNNNS1---——- A---- Case=Nom|Gender=Neut |Nurker=5ing|VerkForm=Vnoun 10 mmod _  Spaceshfter=\r

12 = ®w NOUN Q3----—-—-—---——- Ebbr=Yes 13 nmod _

13 povznesenli povznesenli HNOUN HNHNNSZ-—-———- B———— (ase=Gen|Gender=Heut |Hurker=5ing | VerbForm=Vnoun 11 nmod

14 wenkova wenkov HNOUN HNHNISZ2————- A———— Animacy=Inan|Case=Gen|Gender=Masc|Number=5ing 13 nmod _

15 v v LADP BRER--f--—-———--—-- RdpType=Prep|Case=Loc 16 case

l6¢ Praze Praha PROPN NHNFS&6——- B-—--—- Case=Loc|Gender=Fem|NameType=beo |Number=3ing 11 nmmod _ Spacekiter=io
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UDPipe CoNLL-U to TEI
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<W =
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<w n="13" 1
<w n="14" 1
<w n="15" 1
<w n="1lg"

TR

| =}

TR

TR

2="T" pos="HNUM" mzd="NumForm=Digit |NumIlype=Card">7</w>
na="." pos="PFUNCI" msd="_">.</pc>

="ndrZovat™ pos="VERB" mad="RAspect=Imp|Mood=Ind|Number=5ing|Person=3|Polarity=Pos|Tense=Pres|VerbForm=Fin|Voice=hot">Udrinje</ w>
="3tdly" pos="LADJ" msd="Animacy=Inan|Case=Acc|Degres=Fo3|Gender=Masc|Number=Flur|Polarity=Poa">3tdlé</w>

a="atyk" pos="NOUN" m=zd="Animacy=Inan|Case=Acc|Gender=Masc|Nunber=Plur">styky</w>

"3" poz="ADP" msd="RdpTIvpe=Voc|Case=Ins">zed/w>

"gva]" pos="DET" mad="Cass=Ins|Gender=Masc,N=ut|Murker=5ing| Foss=Yes|PronType=Pra|Reflex=Yea " >avym<,/ w>

z="nztfedil" pos="NOUN" m=d="Case=Inz|Gendsr=Neut|Murker=Sing"»dstfedim /v
nag="," pos="PFUNCI"™ m=sd="_">,</pc>

poa="PRON" m=zd="Case=Ins|Gender=Masc,Neut |Nurker=5ing| FrepCase=Npr| FronType=Rel">JimE</w>
="b¥t"™ pos="AUX" msd="Lspect=Imp|Mood=Ind|Number=5ing|Person=3|Folarity=Fos|Tense=Fres|VerbForm=Fin|Voice=Lot"»jest</w>

a="gpolek"™ pos="NOUH" mzd="Animacy=Inan|Case=Nom|Gender=Masc|Numnber=3ing"»spolek</w>

na="sdruzenl” pos="NOUN" msd="Case=Nom|Gender=Neut |Humber=5ing|VerbForm=Vnoun">Sdruzenl<,/w>
re="g" pos="NOUN" m=d="bAbbr=Yes">m/ wW>

a="povIneseni™ pos="NOUN" msd="Case=Gen|Gender=Neut |Number=5ing|VerbForm=Vnoun" >povIneseni</w»
a="venkov" poz="NOUH" mzd="REnimacy=Inan|Case=Gen|Gender=Masc|Nurber=5ing" >venkova</w>

a="v" poz="ADP" mad="RdpTlyvpe=Prep|Case=Loc" >V /w>

lemma="Praha"™ pos="PROPN" m=zd="Case=Loc|Gender=Fem|NameType=Geo | Hunber=5ing" >Praze</w>
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NameTag XML and TEI

<g>
<num "fnamstag-ni">
<wrT</we
</ num>
{pc}_{fpc}
</fs>
g
<w>UdrZuje</w>
<wrstalée</w>
“<wrstyky</w>
<wrse</w>
<wrsvym</w>
<wrlst¥edim</w>
<pcr,</pc>
<wrJimE</w>
<wrjest</w>
<w>spolek</w>
<orgName "fnametag-ic">
<w>Sdrufeni</w>
<wrES S wE
“<wrpovzneseni</w>
<w>venkova</w>
<wrvs/we
<placeName "#nametag-gu”>
<ssttlemsnt>
<w>Praze</w>
</settlement>
</placeName>
</orgNams>

|/| czapH @
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<sentence>
<ne "ni">
<token>7</token>
</ne>

<token>.</token>

</sentence>
<sentence>

<token>UdrZuje</token>
<token>stalé</token>
<token>styky</token>
<token>rse</token>
<token>svym</token>
<token>ustfedim</token>
<token>, </token>
<token>jimz</token>
<token>jest</token>
<token>spolek</token>
<ne "ic">
<token>»Sdruzeni</token>
<token>wx</token>
<token>povzneseni</token>
<token>venkova</token>
<token>v</token>
<ne Tgu'>
<token>Praze</token>
</ne>
</ne>
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Merge of T

<8
<num "fnametag-ni">
<W i e "HUM" "HumForm=Digit | HumType=Card">7</w>
</ namz
<pe n="2" wn "PUNCT" "ots < fpe
</ 5>
<85>
< 1" "udrzZovat” "VERB" "Lapect=Imp |Mood=Ind |Number=Sing|Person=3|Polarity=Pos|Tense=Pres|VerbForn=Fin|Voice=Ret">Udrfuje</w>
<w nan "staly" "RDJ" "Animacy=Inan|Case=hcc|Degree=Pos|Gender=Masc|Humber=Plur|Polarity=Pos">stdlé</w>
<W 3 "styk" "HOUN" "Animacy=Inan|Case=hcc|Gender=Masc|Humber=Flur">styky</w>
W m4n Ta" "RDP" "adpType=Voc|Case=Ins">se</w>
<w no" = Sk "DET" "Case=Ins|Gender=Masc, Neut |Number=Sing|Poss=Yes|PronType=Prs|Reflex=Yes">svym</w>
<W "e" "astiedi” "HNOUN" "Case=Ins|Gender=Neut |Humber=3Sing">astfedim</w>
<pe n="7" mm " pUNCT™ "onn < /po
< ng" "Jenz" "BRON" "Caze=Ins|Gender=Masc,Neut|Number=Sing|PrepCase=Npr|PronType=Rel">jimE</w>
<w g "byt" "TRITK" "Aspect=Imp|Mood=Ind|Humber=Sing|Person=3|Polarity=Pos|Tense=FPres|VerbForm=Fin|Voice=RAeot">jest</w>
<W mig" "spolek” "HNOUN" "Enimacy=Inan|Case=Nom|Gender=Masc|Number=Sing">spolek</w>
<orgName "#nametag-ic">
<W 11" "sdruzeni” "HOUN" "Case=Nom|Gender=Heut | Number=Sing|VerbForm=Vnoun">Sdrufeni</w>
<w mizn "r" "HCUN" "Rbbr=Yes">r</w>
W T3 "povzneseni” "HOUN" "Case=Gen|Gender=Neut | Number=5ing| VerbForm=Vnoun">povzneseni</w>
<W 14" "renkov” "HOUN" "Animacy=Inan|Case=Gen|Gender=Masc|Number=Sing">venkova</w>
<W mis" A "RDP" "AdpType=Frep|Case=Loc">v</u>
<placelams "inametag-gu">

«<settlement>
<W le "Praha"
</settlement>
</placelame>

</orglame>

|/| czapH @/
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"PROFN" "Case=Loc | Gender=Fem|HameType=Geo | Number=Sing">Praze</w>
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NLP enrichement metadata

<encodinglescs

<appInfo>
<application "NameTag" "HameTag" m2m>
<label>NameTag, model: nametag3-czech-cnec2.0-240830</label>

</application>

<application "UDPipe" "UDPipe" AT
<label>UDPipe, model: czech-pdt-ud-2.15-241121</label>
</application>
</appInfo>

</encodingDesc>
<profileDesc>
<textClass>
<classCode "https://ufal.mff.cuni.cz/nametag/2/models">

<interpGrp>

<interp "nametag-P">FKomplexni jménc oscby</interp>

<interp "nametag-T">Fomplexni &asovy ddaj</interp>

<interp "nametag-A">Komplexni adresa</interp>

<interp "nametag-C">Komplexni bibliografickd poloZka</interp>
<interp "nametag-a">CISLA JARC SOUCASTI ADRES</interp>
<interp "nametag-ah">&islo popisné</interp>

<interp "nametag-at">telefon, fax</interp>

-

_——_ Po-
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ALTO, TEI and images

> ALTO

> describes areas with text or non-text content
> with position on the image

> TEI

> has <facsimile> + <surface> + <zone> elements
> alto2tei.xsl can be used

> Problem

> ALTO treats punctuation as a part of the token (<String>)
> UDPipe and NameTag treats punctuation as separate token (<pc> in TEI)

> merging surfaces/zones and NLP analysis needs more research

czaoHl] €
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https://github.com/instituutnederlandsetaal/OpenConvert/blob/master/resources/xsl/alto2tei.xsl
https://github.com/instituutnederlandsetaal/OpenConvert/blob/master/resources/xsl/alto2tei.xsl

Resources

> DL4DH TEI Converter O et
> https://github.com/LIBCAS/DL4DH-TEI-Converter
> converts enriched data (server version connected with
Kramerius instance) it

> Libri augmentati [@): s,
> https://github.com/moravianlibrary/libri-augmentati
> grabs (meta)data from digital library, enriches them and @ T R )
converts to TEI e

> Enriching textual data from digital libraries

> demonstration of both of the above tools
> 2025-09-19,10:15—10:30 AM, room 402 @ s
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https://github.com/LIBCAS/DL4DH-TEI-Converter
https://github.com/LIBCAS/DL4DH-TEI-Converter
https://github.com/LIBCAS/DL4DH-TEI-Converter
https://github.com/LIBCAS/DL4DH-TEI-Converter
https://github.com/LIBCAS/DL4DH-TEI-Converter
https://github.com/LIBCAS/DL4DH-TEI-Converter
https://github.com/moravianlibrary/libri-augmentati
https://github.com/moravianlibrary/libri-augmentati
https://github.com/moravianlibrary/libri-augmentati
https://github.com/moravianlibrary/libri-augmentati

Thank you!

> Boris Lehecka
> lehecka@mzKk.cz, boris@daliboris.cz

> Moravian Library
> Freelancer

18 September 2025
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