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Moravska zemska knihovna v Brne - MZK.cz

Legal deposit & research library

Knihovny.cz portal of Czech libraries

Mass digitization since 2012
o 75 mil. pages in digital library
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Involved in many Al / DL projects

o PERO OCR

o Image identification and categorisation
(Orbis Pictus)

o Semantic segmentation and access
(SemAnt)

o Al creation of digitization metadata
(Smart digiline)

o  Optical music recognition (OmniOMR)
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Trinera

We help memory institutions efficiently manage data, automate processes, and make cultural heritage
accessible to the wider public.

e Key partners: Moravian Library, National Library, and Library of the Academy of Sciences
e Ourteam consists of developers, librarians, Ul/UX specialists, and Al/ML engineers
e Responsible for designing and developing the user interface of the Kramerius digital library

e \We develop open source tools and applications for
o Collection presentations
o  Metadata analysis
o Library process automation using modern technologies, especially Al and ML

e Al-driven solutions include
o  Advanced search capabilities in digital libraries
o  Automated scan cropping in digitization
o  Extracting bibliographic data from title pages in cataloging
o  Enriching digitized documents



Introduction

e Digital libraries face new design and conceptual challenges
e Conceptual change from catalogue and fulltext search to semantic search
and natural language queries

e Focus: user facing Al features



Kramerius

e Over 40 installations (CZ, SK, AT, GE)

e Open source digital library system

o Java backend, Solr, IIP image server, Angular frontend
o Jp2, pdf, epub, audio...

o MODS, ALTO

o Open API, IlIF image API, IlIF presentation API gateway

e Support for complex documents and hierarchical virtual collections

e Many types of access licenses incl. access for users with special needs



Czech digital library

Kramerius-based common index of 15 largest Czech digital libraries

Run by MZK in cooperation with nkp.cz and lib.cas.cz

292.000 books, 1.5 mil. periodical issues, maps, graphics, music, sound,...
23% public, 47% online after login (~ 1915-2004), 30% onsite access
Aggregator for Europeana

Full text indexed by Knihovny.cz Czech library portal



http://nkp.cz
http://lib.cas.cz
http://knihovny.cz

What Will Be Discussed

e Translation

e Textto speech

e Conversational interfaces, chat with a document
e Summarization

e Image description, image search

e Augmented retrieval and interpretation of search results



e Depends on OCR/HTR quality
o  Split words

e Users might want to use different

@ service or LLM

o  Some services do not support all
languages

o LLMs can work with transcription

Translation

errors... up to a point
o  OCR might be Al corrected before
translation
e Translate page vs whole document

o Incomplete sentences at page/column

breaks




Translation

User must choose target language

e Not necessarily the same as Ul language

English Ei= Cestina Deutsch

Slovencina Slovenscina Espafiol

Frangais Polski Italiano

Eesti keel Svenska Magyar

YKpaiHcbKa Pycckuit Portugués [

Lietuviy Latviesu hx B



Translation

Display of page:

scan/text/side by side

ken und drobten ju ftiirsen und ibn fiic immerdar ju
verfchiitten.

€t fubr fich mit der Hand iiber die Stirn. Seine
Welt war grau und entfeelt worden, fein Her; war
nimmer griin, und es wobnte wobl gar nicht mebr in
Jeinem Ceib, Jondern lag diirr und vertrocknet in
einem jener entfeglichen Jeelenmordenden Viicher.

Auf den fernen Wipfeln der RKindbeit vergliibte
das Licht. Damals war er noch mit der Welt verbun~
den gemwefen mie ein Jeliger Halm oder ein [chuldlofes
Tier, damals batte er mit Wind und Waffern gefpielt
und fich der €rde gefreut wie einer lachenden AMutter.
Aber nun lag es wie ein graues Aleer uniiberfhaubar
swifchen ibm und jenen Seiten.

3bm mwar, als Jtiinde er in einem klaven, kiiblen
Herbjttag, mwo den Alenfchen erkennende Webmut er~
greift und ibm bang wird um Jein dabinfchwindendes
Leben.

€r befiiblte Jeine Hinde, und ibn ekelte davor:
Diefe tatenlofen, ftillen $Hande waren weich mwie die
einer bebiitefen Srau. 3bn ekelte auf einmal vor dem
verponnenen Srieden am Schreibtifch. Aus dem engen
Haus der Vater Jebnte er [ich dunkel ins Heimatlofe,
wiinfchte er fich wild und frei und obdachlos in ferne
Erdteile, obne Seld und Habe und Sicherbeit, aus~
gefefst fremben Unmwettern, auf Erieb und Schnelle und
RKraft der Slieder angewiefen wie ein Tier. €in neues,

8
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He ran his hand over his forehead. His world had become gray and lifeless; his heart
was no longer green, and it probably no longer lived in his body, but lay dry and
withered in one of those horrible, soul-murdering books.

Ken and threatened to destroy him and bury him forever.

On the distant treetops of childhood, the light faded. Back then, he had still been
connected to the world like a blissful blade of grass or a guiltless animal; back then,
he had played with wind and water and rejoiced in the earth like a laughing mother.
But now, like a gray sea, it lay unfathomable between him and those times.

3hm was as if he were standing on a clear, cool autumn day, where a man's
melancholy, recognizing it, seizes him and he becomes anxious about his fading life.

He felt delicate hands, and they disgusted him: these inactive, silent hands were soft
like those of a sheltered witch. He was suddenly disgusted by the spun peace at the
desk. From the narrow house of his ancestors, he longed darkly for homelessness,
wishing to be wild, free, and homeless in distant parts of the world, without money,
possessions, or security, exposed to strange storms, dependent on effort, speed, and
the strength of his limbs like an animal. A new,



e Read a document aloud
o In what language (use translated

text or the original?)

o Rely on user interface language or

o What model (voice) to use?

TQXt to SpeeCh e User selected languages are

read without translation
e Other source languages are
translated to a primary

language




Text to Speech

How to preprocess the text

for reading

Length of the text chunks
o min / max

Artificial spaces between

the titles and the text

Incomplete sentences at

page/column breaks

Automatic “page turning”

Settings / Text-to-speech

The listed languages will not be translated and the text will be read in the original language.

The remaining languages will be translated and read in the primary language.
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Ask a page / ask

a document

Experimental

Length of text vs. LLM choice
(cost of query, time to answer)
LLM answers can be
unpredictable, default prompt
might help or bias the reply

Future work:
o Chat-like interface
o Chat with copyright protected

document



Ask a page / ask a document

What does the narrator feel?

The narrator feels a deep sense of despair and disconnection from the world. He describes his existence as gray and soulless, indicating a loss of vitality and
joy. There is a nostalgic longing for the innocence and connection he once felt during childhood, contrasting sharply with his current state of isolation and
unease. He experiences a profound melancholy, as if he is standing on the brink of losing his life, and he feels repulsed by the complacency and inactivity
around him. This leads to a yearning for freedom and a desire to escape to distant lands, embracing the rawness of life without the constraints of security or
material possessions. Overall, the narrator's emotions are a mix of sadness, nostalgia, and a restless longing for something more authentic and alive.

0O ==~ @ GPT4omini v = What does the narrator feel? C
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Summaries

User selected target language
Uses a translation to a target
language to avoid LLM
confusion

Predefined prompt

Currently at page or selection

level

o More logical at chapter/article level



Summaries

e Pre-generated Al summaries
of full documents should

improve user satisfaction

e In what language(s)?

Summary
Ken feels thr
He experienc
Reflects on ¢
Feels a deep
Disgusted by
Desires to es

Longs foral

~
9

GPT 40

GPT 40 mini

GPT 40 FT summary

GPT 40 mini FT summary
Claude 3 Haiku

Claude 3 Sonnet

Claude 3 Opus

Claude 3.5 Haiku

Claude 3.5 Sonnet

of being buried forever.

Gemini 1.5 Pro «cted from his heart and past joys.

L innocence.
Gemini 1.5 Flash

Gemini 1.5 Flash 8B
vithout material possessions or security.

Gemini 2.0 Flash Experimental 1is own strength.

D SEEv GopTaov




TODO: Pre-generated summaries

e First question user might ask about a document
e Take long to create (> 10 s)
e Might help when semantic searching for a document / article

e Use cases:

o Input for embedding generation
o Become part of metadata

o Help user quickly evaluate the document

e Each use case might require a different summary (in what language?)

e Named entity recognition and filter / facet generation might help as well



Image Description & Search - Orbis Pictus project

e Images and other non-textual objects on pages are identified and categorized
e Search by image similarity or textual description:

e Vector embeddings derived directly from the image

o Search query must be processed by the same model
o Might bring to the front unexpected/unwanted pictures, without context

e |LM generated textual description
o Can be used by both full text and semantic search engines
o Depends on use case (keywords vs short annotation vs detailed description)
o These might be indexed into the full text index



Image search demo Your name

czech
About the NLK€ MKCTE VUGTKE NPMKE NULKE VSUPE) CUNI-LF1E KKPE CUNIFFSVE MIHD

demo

Libeasies
Image Search aery banauan
< skeleton riding on a fly Q, m) rylanguage KNAVE NKP@ MLP@ VSE@ UZEI® CUNIE SVKHKE SVKULE NFAE KVKLIE) NTKE SVKOSE NACRE D@ KKVHE® ZIMPO

Retrieved images

Privacy - Terms
Found 128 results in 2,357s

jon: 0,114s embedding: 0,022s search: 22215 finalization: 0,005
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£ I, Municipal Library of Prague Q

You do not have access to this document now

The document is available under the licenses: Study (1)

To display it:

)
The document is not publicly accessible

The document you requested may not be freely viewed in accordance with Czech Copyright Law (No,
121/2000 Call.).

The Copyright Act allows online access to works 70 years after the death of all authors (including translator,
illustrator, etc.) and 50 years after the publication of the work, up to 1st January of the following year.
Moneographs, newspapers and magazines, for which the date of the authors’ death is unknown, are made
available 110 years after publication.

1f you need more information or you think that any of our documents is not publicly accessible while it should
be, contact us: knihovna@mip.cz
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Divadelni éasopis / Umélecky mésiénik
ISSN 2336-6362

Open periodical

Volume
Year of publication 1946-1947
Volume 10

Open periodical volume

ssue

Date of publication 16.6.1947
lssue 10

Previous issue 9 (14.5.1947)
Next issue

Publishing details

Praha: Vichni vydavatelé, 1938-1948
Praha: E. F. Burian, 1938-1941

Praha: Divadlo D 47, 1946-1947
Praha; Divadlo D 48, 1947-1948

Document type

Newspaper

Keywards
Ceské dasopisy
Divadelni £asopisy
Mésiéniky

Language
Czech

Location

Municipal Library of Prague

Shelf/Call number: F 2335/1938-1939,
2335/1940-1941, F 2335/1946-1947,F
2335/1947-1948
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Keyword Search vs. Semantic Search

Keyword (Full-Text) Search

Semantic Search

How it works

Matches exact words in content

Uses Al (vector embeddings, NLP) to
understand query meaning

Pros Familiar and predictable Understands context and phrasing
Transparent (highlighted terms show Finds conceptually similar content even
why result matched) with different wording

Cons No understanding of meaning May overlook exact keywords, names,

Can return unrelated pages when
keywords are scattered

jargon
Harder to explain why a result was
retrieved
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Aktivni filtry

Sté&zovali silidé na mlddez? | Vefejné

Dostupnost

@ Veiejné @

QO Po piihlaseni by
O Vknihovné &
O Vie

Licence

[0 Smluvné zvefejnénd dila @
[ volnéd dila @

& Did people complain about the youth?

Pokrocilé hledani

Rovnost: list socidlnich demokratil
ceskych

8.4.1904

16 viskyti

© veeps

Katolické listy

21.06.1902
16 vyskytl

Kostnicke jisk
svédomi
Jednota bratrskd
12.07.1934
12 vyskyti

© Vefejné

Karlinskeé listy:
politickohospo
30.07.1904

3 vyskyty

@ Vefejné

Someone in Bosnia complained about something.

Youth in Germany were forced to go to church.

People in the south are dying of



Memory of Newspapers

www.pametnovin.cz

Smart search in historical newspaper archives

Let Al compile answers based on historical newspaper articles
from 1880 to 1914 and discover hidden connections to the past

Ask anything...

From: 01.01.1880 O To: 31.12.1914 B8  Source All newspapers

What gifts were given at How did women's suffrage
Christmas? develop?
At what age did women/men Did people complain about the
usually get married? youth?
Which beer was the most popular? Could women wear pants?
Did people have a problem with How did people spend their free
alcohol? time?



http://www.pametnovin.cz

www.pametnovin.cz

Did people complain about the youth?

F

R

esponse

Yes, people complained about the youth. In an article from @) It is written that the youth in the Ostrava
region commit various misdeeds, riots and vices. Similarly, in @ It is mentioned that youth in some districts
of Prague and the suburbs are unruly, shouting and shouting, which is considered a problem. Article from
eHe also mentions complaints about young gamblers, smokers, and the obscene language of youth,

suggesting that complaints about the behavior of young people were common. In @ It is stated that youth
outside of school are left to their own devices, which leads to misbehavior and disobedience, and that

there are constant longings for dissolute youth.

Resources

o Ostrava Region
24.04.1909

Youth is the reserve;
when the old fighters
for religious,

national, cultural and
social rights weake...

) Catholic letters
28.09.1900

* Youth misconduct.

We are told:
Especially in some
districts of Prague,
as well as in the...

e National policy
8.3.1900

*by young people
were attracted to
them. Gradually, a
reading room and a

library could also b...

o Guild
06.07.1906

Neglected children.

Many social evils
could be prevented
and prevented if...

v

e People's.
24.12.191C

permanent re
the establishr
and efforts. w
have set then
the task of re

Guild
06.07.1906 , Prague

Neglected children. Many social evils could be prevented and prevented if they Zanedbané déti.
ému _spoleCenskému zlu by se pfe-

were nipped in the bud. It is difficult to bend a grown sapling. If we want to have m.o"'l“",,"b,m,, kiyby zamezovlo se v 2i-
i i i rodku. Vyrostly stromek t&Zko ohybati. Chee-
an orderly society, let us educate the yout-h to be proper people_. Howgver, in this sy mxﬂmspim;:"g: e ﬂvycm:;_
respect we see many and many shortcomings in Prague and neighboring cities. ey .:{r:lidci ) Tdné i, Vhlnmm ;’mfrlu
Outside of school, the youth are left to themselves, no one cares about their Toolh ke vy MUt i
i i H i H i i i Skolu ponechdna jest sama sob¥ nikdo ne-
entertainment, few people care about their relationships. What is happening in this g5 82"Cie e it Pl
matter is insignificant. Our streets are teeming with unruly and disobedient youth, o jejl styky. .

% 5 Co se d&e v této vici, jest nepatrné.
who are therefore such that their parents cannot supervise them, and an Ulice nase hem3i se middeX! nezvedenou a ne-
institution that would do so and, if necessary, encourage and force the parents to  Eve joina i nedohienou-a sriseni, o
do so, is not such an institution. That is why we hear constant laments and read by tas:clolo &' po pripads rodice K towu po

4 3 5 bidalo i donucovalo, takového zfizeni neni.
complaints in the newspapers about unruly and dissolute youth. Proto slySime neustdlé stesky a Eteme v no-

vinich stifnosti na nezvedenou a spustiou
mlddeZ.

Bohemia: Catholic political weekly . Prague: Antonin Schmitt, 06.07.1906, 31 (184), p. [1].

Visit the source |/]
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Objev knihu

‘J( KNIHOVNY.CZ
ﬂ

Rating
@ exceptionally great: 9+
great: 8+
very good: 7+
good: 6+
all

Year of release
Of: 1900 Do: 2025 OK
& &

A book about the founder of a computer company n

Play fair and win. Exceptionally great
2 reviews
The story of the founder of one of the largest

technology companies

Michael Dell - 2022

The story of the founder and CEO of one of America's largest technology
companies. Play Nice But Win is more than just a candid portrait of a leader ata
crossroads; it's a survival story that proves that while anyone with technological

insight and entrepreneurial drive can build something great, it takes real people...
maore

Q Search for similar books

autobiographical reminiscences autobiographical memories Leadership

+ 33 more

Source code/> Exceptionally great FRY
: 1 review

My beginnings

Bill Gates - 2025

Source Code is not about the golden age of Microsoft, the founding of the Gates
Foundation, or the future of technology. It tells the human and personal story of
how Bill Gates became who he is today: his childhood, his early passions, and his
hobbies. It is the story of his principled grandmother, his ambitious parents, his
first deep friendships, and the sudden... more



Memory of Newspapers

e A prototype for semantic search over Czech historical newspapers (1880—
1914)

e Users ask questions in natural language. The system finds relevant articles
by meaning, not exact words

e An LLM composes answers from top matches, including references and links
to original sources

e Retrieves information despite OCR errors or archaic terminology by matching
meaning

e Allows filtering by time period and newspaper title



Discover a Book

e A prototype for semantic search over a book catalog
e Covers over one million books
e Uses bibliographic metadata and annotations to capture meaning

e Users ask questions in natural language; the system finds relevant books by

meaning, not exact words



Integrating Semantic Search into Digital Libraries

e Challenges:
o In"Memory of Newspapers": Clearly defined, homogeneous data from a specific period (1880-1914);

users motivated to query in natural language.

o In digital libraries: Diverse content including fiction, old newspapers, contemporary scientific articles,
etc.; users accustomed to classic full-text search.

o "Discover a Book": Focuses solely on books; searches for the book itself, not specific parts of the text
within it.
e Main issue: Primarily a UX/UI problem.
e Approach: Separate technology testing from final integration into the digital library

UL.

e Prototypes: Built over clear, defined data sets to test technologies independently.



Next Steps

e Current limitation: Both prototypes ("Memory of Newspapers" and "Discover a
Book") focus solely on semantic search

e Goal: Build a robust search service by combining multiple approaches for
improved accuracy and flexibility

e Key strategies:

o Hybrid Search: Combine full-text search with semantic search for broader and more precise
results.

o Reranking:
m Vector-based search efficiently processes millions of records but is not optimal
m Solution: Use vector and full-text search to identify top N (e.g., top 100) relevant results,
then apply slower, more accurate reranking algorithms to refine and filter the results.



Next Steps

e Key strategies:
o Named entity recognition (NER):

m Extracts named entities (e.g., proper names, geographic locations, dates) from data and

user queries.
m Automatically applies named entities from user queries as filters to refine search results.

o Query analysis:
m Determines whether full-text or semantic search is more suitable for the query.

m Identifies query components, including language model instructions, that are not suitable

for semantic search.
m Automatically extracts data from queries to use as filters for enhanced precision.



Thank you!

\ o
1/ Lz 9 trinera
Petr Zabicka Jan Rychtar
petr.zabicka@mzk.cz jan.rychtar@trinera.cz

www.mzk.cz www.trinera.cz
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