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Full-text searching of music online: 
an update on progress in F-TEMPO

Tim Crawford & Alastair Porter
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Cipriano de Rore (1515-65), 5-voice madrigal, ‘Cantiamo lieti’, Canto part-book (Venice, 1563) 
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Passage-Level Retrieval for Music

We have a large collection, from music libraries around the world, of ~500,000 images of pages 
of music from early printed collections. 

We want to be able to do two main things:  

1. Find pages of music similar to a query page (document-level retrieval) 

2. Find occurrences of a specific musical pattern in all of these pages (passage-level retrieval of 
note-sequences) 

We pre-create a search index because of scale. This results in fast searches, but at the expense 
of needing to define similarity measure ahead of time. Close analogy with Google Books, but 
indexing musical content, not text
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Full-text searching of musical scores

Compared to scans, there is a shortage of machine-readable music notation 

small collections of transcriptions, RISM incipits 

We can automatically extract music from images using software 

Google Books uses Optical Character Recognition (OCR) 

We use Optical Music Recognition (OMR, Aruspix)
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F A A G F G A BNote-names:

Clef
Rest
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OMR Errors
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Optical Music Recognition (OMR)

Two types of OMR errors: 

1. those which affect a single note or symbol 

2. those which affect all subsequent notes 

Type 2 errors are more serious. They come in two forms, so we sidestep them:
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Optical Music Recognition (OMR)

There are two types of errors that have a lasting effect: 

1. Rhythmic errors (everything afterwards is offset in time) 

2. Clef errors (everything afterwards is offset in pitch) 

Workarounds: 

1. Ignore rhythm 

2. Use relative pitch – and ignore accidentals (‘diatonic pitch’)
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Note-names:

Intervals:

Encoding:
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B-aaAAAaBa-aaaaAA-B-a--b-AbAAAcBAA-abAb-Aa-aAAbDbAaAaaaaAD-ac--CbBaBb--bAbaC--AA--AAbAa-
aA--B-aabAAAabD--b-aCaaa-bA-A-B---aa-aaaAAC-abD-a-a--aAAAAAdA-baCa-bCAAb-aaaE
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Minimal Absent Words

A technique from genetics research, which we modified to work with pitch sequences 

Identifies sequences from an alphabet which are not present in the document 

Works well for full page to full page search, even in the presence of some OMR errors 

Not as useful for other types of searches: 

Note sequences / phrases / incipits (especially with OMR errors) 

Sometimes some parts have multiple works on the same page 

No metadata-based search
M. Beal, F. Mignosi, A. Restivo and M. Sciortino: “Forbidden words in symbolic dynamics,” Advances in Applied Mathematics, Vol 25(2), 163–193, 2000
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Find same music but different layout

Uploaded image Best match in 
database
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Unknown item search - image uploaded by user

Uploaded image Best match in database
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Unexpected ‘concordance’: Same music - different work title and text

French chanson, ‘Vous perdez 
temps’ by Arcadelt (in database)

Best next match in database: Italian madrigal, 
‘Non ch’io non volgio’ by Arcadelt
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Instrumental recercar by ‘Unknown 
composer’  

(Incerto Autore)

Best next match in database: ‘In die tribulationis’ 
by Damianus

Identify composer for a previously anonymous work
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Moving from a proof of concept

Update of the underlying software used to perform searches 

Apache Solr 

Optimised for text search (works well with a-z for intervals) 

faster than our previous technique and scalable 

easier to try new types of searches and add new similarity metrics 

capability to do text search on metadata
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Public API

Search automatically in bulk without needing to use the interface 

Search for page of music 

Upload image 

Upload MusicXML / MEI 

Manually providing a sequence of notes on the page 

Search for note sequences / phrases 

Talk to us if you want access to this
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Search by sequence of notes (phrases)

Services such as RISM have incipit search, which has 
been a standard way of identifying works 

However cadences/ends of works are also interesting 
- we have all notes so we can also search for these 

However, OMR transcription errors also need to be 
considered 

Other techniques from information retrieval 
on text documents can help here 

Graphical interface or API
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Search by sequence of notes (phrases)
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Adding new catalogues

https://content.staatsbibliothek-berlin.de/dc/76900430X/manifest 

Automatic import of catalogues from IIIF
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Adding new catalogues

https://stabikat.de/DB=1/XMLPRS=N/PPN?PPN=537561978 

Adding catalogue metadata
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Metadata search

By importing metadata from existing databases (library catalogue, DIAMM, Cantus, 
RISM, ...) we can provide tools to more easily navigate the collection 

works by a composer 

works based on their catalogue number 

works by vocal part 

How can we provide search without re-creating existing databases?
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Moving beyond printed scores

Based on work that we did during TROMPA 

We have catalogue of 12,000 scores 

Metadata from CPDL 

Sometimes with links to other sources (RISM) 

Scores in MusicXML (convertible to MEI)

CPDL Catalogue
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CPDL Metadata

24



Crawford & Porter: F-Tempo. IAML 2022

Search CPDL
Metadata search by composer or title
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Cipriano de Rore (1515-65), 4-voice madrigal, ‘Ancor che col partire’, modern score 

Canto:  abAAAa-bEbBaaaAa …  
Alto: BaAAA--cEaa---Aa  …  
Tenore: aAbAAabbEbAAa  …  
Basso: D-AAAcbbG-aAc  … 

Index each voice:
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Soprano:          a4 g4 g4 e4 f4 g4 a4 a4 g4 g4 e4 c5 a4 c5 b4 a4 g4 a4 g4 
Alto:      a3 c4 b3 c4 d4 e4 e4 e4 b3 g4 f4 e4 e4 e4 e4 f4 e4  
Tenor:     c4 b3 c4 a3 b3 c4 b3 g3 g3 e3 c4 a3 b3 c4 c4 b3 
Bass:      a2 e3 e3 f3 g3 a3 e3 c3 a2 a3 a3 a3 g#3 a3 e3

Search notes in voice:

Cipriano de Rore (1515-65), 4-voice madrigal, ‘Ancor che col partire’, modern score 
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Phrase search (API)
Searching for interval sequence "a - b E b B a" in database "cpdl"

1 cpdl_Cipriano_de_Rore_11-anchor_che_col_partire---0-score_Canto

Part Canto

1 match at position 7

a - b A A A - [ a - b E b B a ] a a A a a A b C - a A b a E a b A A A a A a b A A A a a d D - a 
a A A B a b A - a a a A a B B A a a - a b A - a b D - a b a B A a E a A b a a a - B a A b a C A B - a a A d 
C - a A A A a a - a b A - a b D - a b a B A a E a A b a a a - B a A b a C A B - a a - - a - A

https://solrdev.f-tempo.org/ngram/view/cpdl_Cipriano_de_Rore_11-anchor_che_col_partire---0-
score_Canto?staff=1&start=7&count=7 

2 cpdl_Cipriano_de_Rore_Ancor_che_col_partire_Rore_Soprano

Part Soprano

1 match at position 7

a - b A A A - [ a - b E b B a ] a a A a a A b C - a A b a E a b A A A a A a b A A A a a d D - a 
a A A B a b A - a a a A a B B A a a - a b A - a b D - a b a B A a E a A b a a a - B a A b a C A B - a a A d 
C - a A A A a a - a b A - a b D - a b a B A a E a A b a a a - B a A b a C A B - a a - - a - A a

https://solrdev.f-tempo.org/ngram/view/cpdl_Cipriano_de_Rore_Ancor_che_col_partire_Rore_Soprano?
staff=1&start=7&count=7
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Using transcriptions to search in F-Tempo

https://trompamusic.github.io/music-scholars-annotator/#/annotate?resource=https://
trompa-mtg.upf.edu/data/meiconversion/79f3e3c5-29b7-424f-9144-4cc6d720c206.mei  

30

https://trompamusic.github.io/music-scholars-annotator/#/annotate?resource=https://trompa-mtg.upf.edu/data/meiconversion/79f3e3c5-29b7-424f-9144-4cc6d720c206.mei
https://trompamusic.github.io/music-scholars-annotator/#/annotate?resource=https://trompa-mtg.upf.edu/data/meiconversion/79f3e3c5-29b7-424f-9144-4cc6d720c206.mei


Crawford & Porter: F-Tempo. IAML 2022

Summary of new features

Faster search 

Import catalogues from IIIF manifest 

Import additional metadata and search 

Import transcribed scores 

search for prints 

search for musical phrases 

Features are becoming available at https://search.f-tempo.org/ 

Source code available at https://github.com/TransformingMusicology/f-tempo
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Thanks
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alastair.porter@upf.edu 
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Scans of music from 6 libraries 

D-Bsb: 1,215 

F-Pn: 3,053 

PL-Kj: 7,368 

PL-Wn: 22,433 

GB-Lbl: 35,378 

D-Mbs: 497,096 

~560,000 pages in total, 57,771,650 musical notes

Statistics

33


