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Moravská zemská knihovna v Brně - MZK.cz

● Legal deposit & research library
● Knihovny.cz portal of Czech libraries
● Mass digitization since 2012

○ 75 mil. pages in digital library

● Involved in many AI / DL projects
○ PERO OCR
○ Image identification and categorisation 

(Orbis Pictus)
○ Semantic segmentation and access 

(SemAnt)
○ AI creation of digitization metadata 

(Smart digiline)
○ Optical music recognition (OmniOMR)

http://knihovny.cz


Trinera

● Key partners: Moravian Library, National Library, and Library of the Academy of Sciences
● Our team consists of developers, librarians, UI/UX specialists, and AI/ML engineers
● Responsible for designing and developing the user interface of the Kramerius digital library
● We develop open source tools and applications for

○ Collection presentations
○ Metadata analysis
○ Library process automation using modern technologies, especially AI and ML

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

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



Introduction

● Digital libraries face new design and conceptual challenges

● Conceptual change from catalogue and fulltext search to semantic search 

and natural language queries

● Focus: user facing AI features



Kramerius

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

● Open source digital library system
○ Java backend, Solr, IIP image server, Angular frontend

○ Jp2, pdf, epub, audio…

○ MODS, ALTO

○ Open API, IIIF image API, IIIF presentation API gateway

● Support for complex documents and hierarchical virtual collections

● 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

● Translation

● Text to speech

● Conversational interfaces, chat with a document

● Summarization

● Image description, image search

● Augmented retrieval and interpretation of search results



Translation

● Depends on OCR/HTR quality
○ Split words

● Users might want to use different 

service or LLM
○ Some services do not support all 

languages

○ LLMs can work with transcription 

errors… up to a point

○ OCR might be AI corrected before 

translation

● Translate page vs whole document
○ Incomplete sentences at page/column 

breaks



Translation

User must choose target language

● Not necessarily the same as UI language



Translation

Display of page: 

scan/text/side by side



Text to Speech

● Read a document aloud
○ In what language (use translated 

text or the original?)
○ Rely on user interface language or 

translation language?
○ What model (voice) to use?

● User selected languages are 
read without translation

● Other source languages are 
translated to a primary 
language



Text to Speech

How to preprocess the text 

for reading

● Length of the text chunks

○ min  / max

● Artificial spaces between 

the titles and the text

● Incomplete sentences at 

page/column breaks

● Automatic “page turning”



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: 
○ Chat-like interface 

○ Chat with copyright protected 

document



Ask a page / ask a document



Summaries

● User selected target language

● Uses a translation to a target 

language to avoid LLM 

confusion

● Predefined prompt

● Currently at page or selection 

level
○ More logical at chapter/article level



Summaries

● Pre-generated AI summaries 

of full documents should 

improve user satisfaction

● In what language(s)?



TODO: Pre-generated summaries

● First question user might ask about a document

● Take long to create (> 10 s)

● Might help when semantic searching for a document / article

● Use cases:
○ Input for embedding generation

○ Become part of metadata

○ Help user quickly evaluate the document

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

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



Image Description & Search - Orbis Pictus project

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

● Vector embeddings derived directly from the image
○ Search query must be processed by the same model
○ Might bring to the front unexpected/unwanted pictures, without context

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









Keyword Search vs. Semantic Search

Keyword (Full-Text) Search Semantic Search

How it works Matches exact words in content Uses AI (vector embeddings, NLP) to 
understand query meaning

Pros Familiar and predictable
Transparent (highlighted terms show 
why result matched)

Understands context and phrasing
Finds conceptually similar content even 
with different wording

Cons No understanding of meaning
Can return unrelated pages when 
keywords are scattered

May overlook exact keywords, names, 
jargon
Harder to explain why a result was 
retrieved



Youth in Germany were forced to go to church.

Someone in Bosnia complained about something.

People in the south are dying of 
hunger

Did people complain about the youth?



www.pametnovin.cz

http://www.pametnovin.cz
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Memory of Newspapers

● A prototype for semantic search over Czech historical newspapers (1880–
1914)

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

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

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

● Allows filtering by time period and newspaper title



Discover a Book

● A prototype for semantic search over a book catalog

● Covers over one million books

● Uses bibliographic metadata and annotations to capture meaning

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

meaning, not exact words



Integrating Semantic Search into Digital Libraries

● Challenges:
○ In "Memory of Newspapers": Clearly defined, homogeneous data from a specific period (1880–1914); 

users motivated to query in natural language.

○ In digital libraries: Diverse content including fiction, old newspapers, contemporary scientific articles, 

etc.; users accustomed to classic full-text search.

○ "Discover a Book": Focuses solely on books; searches for the book itself, not specific parts of the text 

within it.

● Main issue: Primarily a UX/UI problem.

● Approach: Separate technology testing from final integration into the digital library 

UI.

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



Next Steps

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

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

● Key strategies:
○ Hybrid Search: Combine full-text search with semantic search for broader and more precise 

results.
○ Reranking:

■ Vector-based search efficiently processes millions of records but is not optimal
■ 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

● Key strategies:
○ Named entity recognition (NER):

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

user queries.

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

○ Query analysis:

■ Determines whether full-text or semantic search is more suitable for the query.

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

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



Thank you!

Petr Žabička 
petr.zabicka@mzk.cz

www.mzk.cz

Jan Rychtář
jan.rychtar@trinera.cz

www.trinera.cz
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