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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)

Crawford & Porter: F-Tempo. IAML 2022



Clef

Crawford & Porter: F-Tempo. IAML 2022



OMR Errors
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Optical Music Recognition (OMR)

Two types of OMR errors:
. 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:

I Ignore rhythm

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

Intervals:

Encoding:
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Minimal Absent Words

A technique from genetics research, which we modified to work with pitch sequences
[dentifies 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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http://igm.univ-mlv.fr/~beal/Recherche/Publications/forbiddenWords.pdf
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Unknown item search -image uploaded by user
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Unexpected ‘concordance’: Same music - different work title and text
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Page ID Match Score
D-Bsb_Parangon_03.1543_inv_060_0 100.00
GB-Lbl_K2h3_ 0311
GB-Lbl_K2d19 006_0
PL-Wn_26426901_26771428
GB-Lbl_K2c3_065_0
GB-Lbl_K4g3.126_0
GB-LbI_K8b7 006_0
GB-Lbl_A431_0281
GB-Lbl_K3g4.197 0
PL-Wn_20209512_24063153
GB-Lbl_A251b_060 1
GB-Lbl_K3a15.179_0
PL-Wn_26426907 26770166
GB-Lbl_K3a14_118_0
GB-Lbl_K3f9_048_0

mmmmmaaaaaaaaal

Result Ranking Jaccard Distance

Results to display 10

Provide judgements to help improve the system

(AT N = ' f d
N : . + A;
On ch’io n6 voglio mai altro péfiero  nel mio cor albergar ii mi che

tutt’ho p uﬂ’cfisug'm che uia pin moltopregio dchor chelliné prezzi’l feruir lei

:
iR3s EESEo =R aaapE Uk pouk

mai dogn’aler’haver  potred che quito mai d’ogni alem hauer porred,

70/233 words in page match the query

Best next match in database: Italian madrigal,
‘Non ch'’io non volgio’ by Arcadelt

14



Identify composer for a previously anonymous work

Early Music Online Search  Search within Corpus Search with Image Upload

Show Examples Help
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Moving from a proof of concept

Update of the underlying software used to perform searches
Apache Solr ' )O L

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

Crawford & Porter: F-Tempo. IAML 2022
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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

Crawford & Porter: F-Tempo. IAML 2022
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Search by sequence of notes (phrases)
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change, e.g."-21110 -1"
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Search by sequence of notes (phrases)
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Adding new catalogues

Automatic import of catalogues from IlIF

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

{} 76900430X.manifest.json X

Users > alastair > Downloads > {} 76900430X.manifest.json > [ Jsequences > {} 0 > [ Jcanvases > {} 19 > [ ]limages > {} O

Wil ' . /i \J \/ \/

{ "@id" : "https:\/\/content.staatsbibliothek-berlin.de\/dc\/76900430X-0020\/canvas",
"@type" : "sc:Canvas",
"label" : "X [20]",
"height" : 4356,
"width" : 2880,
"images"

{| "@id" : "https:\/\/content.staatsbibliothek-berlin.de\/dc\/76900430X-0020\/annotation",
"@type" : "oa:Annotation",
"motivation" : "",
"resource"
{ "@id" : "https:\/\/content.staatsbibliothek-berlin.de\/dc\/76900430X-0020\/full\/full\/0\/default.jpg",
"@type" : "dctypes:Image",
ormats: s 2.
"height" : 4356,
"width" : 2880,
"service"
"@context" : "http:\/\/iiif.io\/api\/image\/2\/context.json",
"@id" : "https:\/\/content.staatsbibliothek-berlin.de\/dc\/76900430X-0020",
"profile" : "http:\/\/iiif.io\/api\/image\/2\/levell.json" } },
on" : "https:\/\/content.staatsbibliothek-berlin.de\/dc\/76900430X-0020\/canvas"

{ "@id" : "https:\/\/content.staatsbibliothek-berlin.de\/dc\/76900430X-0021\/canvas",

Crawford & Porter: F-T (st "@type" : "sc:Canvas",
29 "label" : “"XI [21]",


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

Adding new catalogues

Adding catalogue metadata

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

Suchen @ Suchergebnis | Erweiterte Suche = Zwischenablage @ Bibliothekskonto '@ Hilfe

|

E_§9_<ﬂan [und] || Alle Worter (XALL) v ? sortiert nach l_@gghginungsjahr v| Unscharfe Suche [ |
| 76900430X | Suchen
1Y s chgeschichte W Kurzliste W Detailanzeige
Ihre Aktion
perma X\ |
e [Musikdruck]
Titel: Acis Et Galatée : Pastorale Heroiqve / Mise En Musique Par Monsieur De Lvily Sur-Intendant de la Musique du Roy. [Textdichter: Jear
Verfasserin: Lully, Jean-Baptiste *1632-1687"
Sonst. Personen Campistron, Jean Galbert de *1656-1713"*
Ausgabe [Partitur]
Sprache/n Franzoesisch
Veroffentlichungsangabe: Paris : Ballard, 1686
Drucker: Ballard, Christophe
Umfang [2] BI,, LI, 183 S. : Druckerm.
Fingerprint teus E.o- E.on BAjo 3 1686A // nach Exemplar von HAB Wolfenbttel
Bibliogr. Zitate RISM A, L 2932
Schmieder, W. Musik, Nr. 269
Einheitssachtitel: Lully, Jean-Baptiste *1632-1687". Acis et Galatée
Anmerkung: Typendr.

Textdichter ermittelt in: LWV 73
Vorlageform des Erscheinungsvermerks: A Paris, Par Christophe Ballard, seul Imprimeur du Roy pour la Musique, rué S. Jean de Bea
LXXXVI.

Bibliogr. Zusammenhang: Digitalisierte Ausg.: Lully, Jean-Baptiste: Acis Et Galatée

N.Mus.ant.pract. 32
Unter den Linden - Musikabteilung, Rara

Kontakt
Anmerkung: Mit hs. Namenszug auf dem Vorbl.: Madame Campan, sehr wahrscheinlich spater erg.
Schlagworter: Provenienz: Mendelssohn, Franz und Marie von
Status: Nicht online bestellbar. Bitte wenden Sie sich an die Auskunft.
Aktuelle Verfligbarkeit: Nicht ausleihbar
Signatui 55 Depos SA 1131
Standort Unter den Linden - Musikabteilung, Rara

Crawford & Porter: F-Tempo. IAML 2c N Kontakt

us: Nicht online bestellbar. Bitte wenden Sie sich an die Auskunft,
inllo \Vartiimbkhark it ANirkht aliclaitbhhar


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

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?

Crawford & Porter: F-Tempo. IAML 2022
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Moving beyond printed scores
CPDL Catalogue

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)

Crawford & Porter: F-Tempo. IAML 2022
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CPDIL Metadata

l/S-E‘ Repertoire International DE | | FR | IT | ES
des Sources Musicales Content About Help Resources Data Partners

Page Discussion

: : Change Advanced Search
De vous servir (Orlando di Lasso) -

Free Choral Music
P Music files Basic search Advanced search Previous Searches My Lists Search Help
age
Music scores * (Posted 2015-10-29) CPDL #37340:
Composer pages y 7 e e B &8 o <
Texts & translations ) a =) 3 0
New pages Letter size: ﬁ ) & {{ Back to Results « 15
Recent changes Editor: Potharn Imre (submitted 2015-10-29). Score information: A4, 1 page, 57 kB Copyrigh!
P pege Edition notes: Original pitch (chiavi naturali) and note-values. French spelling modernised. Sourc :
Add scores to CPDL ainal plnh | ) g Collection
CPDL Contributors , Chansons
CPDL Admins General Information
:le. F:’mms h Title: De vous servir
uiu-ca searc

Hel it/ Composer: Orlando di Lasso

P Lyricist: Work information
Sppon OPE Number of voices: 4w Voicing: SATB Scoring summary: V (4)

- Genre: Secular, Chanson Genre: Chansons

. - : i . <4
DON ATION Language: French Composer cross-reference: Lasso, Orlando di <1532¢-1594>
Please donate to CPDL X
USA. 501(c)(3) tax deductible S Source description
First published: 1570 in Disieme livre de chansons N . . ' .
Tools 2nd published: 1576 in Le thresor de musique (sacred contrafact), Edition 1, no. 54 'I';l:lt: :::ource. Dnznem: :;f'r-tes .d1esc:\ansons a quatre parties, d' Orlande de Lassus. et autres. [ Paris, A. le Roy et R. Ballard, 1575. 4 vol. in-8o obl., 16 f.]
Wit s Hieves DescepR: Print: 1575; Paris; A. le Roy et R. Ballard: in-80 obl.
Related changes
Special pages External websites:
Printable version Publisher
Publisher: Le Roy, Adrian & Robert Ballard <
Further notes
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Search CPDL

Metadata search by composer or title

Search the TROMPA early music database

Crawford & Porter: F-Tempo. IAML 2022

bon Q
8 results
Comppetion Tomas Luis de Victoria M cpdl.org
Doctor bonus, amicus Dei
o Orlando di Lasso M cpdl.org
(o t
Y 0 bone Jesu
: Orlando di Lasso M cpdl.org
Composition . q .
Si vous n'estes en bon point
Compoaiton Orl.?ndo dl. Lasso M cpdl.org
Hai, Lucia, bona cosa
Gormpration Orlando dl_Lasso _ M cpdl.org
Deus qui bonum vinum
Gomposition Orlanc.io di Lasso M cpdl.org
Bon jour, mon coeur
» Giovanni Pierluigi da Palestrina M cpdl.org
Composition .
Surrexit pastor bonus a 4
Geenposifion Josquin des Prez M cpdl.org

O bone et dulcis Domine Jesu
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Cipriano de Rore (1515-65), 4-voice madrigal, ‘Ancor che col partire’, modern score

A
Canto % = — —=® o = .
An cor che col par ti re
N
Alto é EB -
e 6 <° > =i LS4 O
R An cor che col par ti re
Tenore @—' - O o .
% An cor che col par
Basso g: (B I - p— s r
An cor che col par
4
A
%\y = o = © - o
e Io mi sen to mo Il re, Par tir vVOr
A
%:j’ = o © o o = o
-
Io mi sen to mo ri re, Par - tir vor -
A
%\y o = — O [ © o -
Qg t1 re o mi sen to mo - 11 re,
9.—9 e o o
D O O O e
t1 re Io mi sen to mo - 11 - - re,
Canto: abAAAa-bEbBaaaAa ...
Index each voice: Alto: BaAAA--cEaa---Aa ...
Tenore: aAbAAabbEbAAa ...
Basso: D-AAAcbbG-aAc ...
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Cipriano de Rore (1515-65), 4-voice madrigal, ‘Ancor che col partire’, modern score

Canto M_- = — —=® o - - =
o An cor che col par ti re
o)
Alto é ¢ -
[y o &° - =) © o
R An cor che col par ti re
Tenore M—' = o o o
% An cor che col par
Basso g: (E I - = : »
An cor che col par
4
f)
é - : & s - .
e Io mi sen to mo Il re, Par tir vVOr
o)
o= o -
~ o = o o o
Io mi sen to mo rn - - - re, Par - tir vor -
f)
%\y O o — O o— R o -
Qg t1 re o mi sen to mo - 11 re,
9:—9 - — o . o o - =
t1 re Io mi sen to mo - 11 - - re,
Soprano: ad g4 g4 ed 4 g4 a4 a4 g4 g4 ed c5 a4 c5bd ad g4 a4 g4
Search notes N VOICE Alto: a3c4db3cdddededed b3gdfdededededfded
Tenor: cdb3c4a3b3cdb3g3g3e3c4dadb3cdcdb3
Bass: a2e3e3f3g3a3e3c3a2a3a3a3g#3a3des
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Phrase search (API)

Searching for interval sequence "a - b E b B a" 1in database "cpdl”

1 cpdl_Cipriano_de_Rore_1l1-anchor_che_col_partire---0-score_Canto

Part Canto

1 match at position 7

a-bAAA-[a-bEbBa]JaaAaaAbC-aAbaEabAAAaAabAAAaadD-a
aAABabA-aaaAaBBAaa-abA-abD-abaBAaEkEaAbaaa-BaAbaCAB-aaAd
C-aAAAadaa-abA-abD-abaBAaEaAbaaa-BaAbaCAB-aa--a-A

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

Part Soprano

1 match at position 7

a-bAAA-[a-bEbBa]J]aaAaaAbC-aAbaEabAAAaAabAAAaadD-a
aAABabA-aaaAaBBAaa-abA-abD-abaBAaEtEEaAbaaa-BaAbaCAB-aaAd
C-aAAAaa-abA-abD-abaBAaEaAbaaa-BaAbaCAB-aa--a-Adua

https://solrdev.f-tempo.org/ngram/view/cpdl_Cipriano_de_Rore_Ancor_che_col_partire_Rore_Soprano?

staff=1&start=7&count=7

Crawford & Porter: F-Tempo. IAML 2022
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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
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
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
https://solrdev.f-tempo.org/ngram/view/cpdl_Cipriano_de_Rore_Ancor_che_col_partire_Rore_Soprano?staff=1&start=7&count=7
https://solrdev.f-tempo.org/ngram/view/cpdl_Cipriano_de_Rore_Ancor_che_col_partire_Rore_Soprano?staff=1&start=7&count=7
https://solrdev.f-tempo.org/ngram/view/cpdl_Cipriano_de_Rore_Ancor_che_col_partire_Rore_Soprano?staff=1&start=7&count=7

m F-tempo substring search X -+

C ( & solrdev.f-tempo.org/ngram/view/cpd

Prev Page Next Page

Anchor che col partire
Primo libro di madrigali a 4 voci (1547)

Alfonso d'Avalos
Cipriano de Rore (¢.1515-1565)
1
é =" e
Canto |33 = ‘ — o ' — —oem -
An cor che col par ti re
AllO 3 -
é—e - = = e |
'y S - ' 4 <
An cor che col par ti re
— . - *
Tenore [fam ¥ = o o ., o o
& Y
% An cor che col par
An cor che col par

[
z

|
D
y
’

o
lo mi sen to mo ri re., Par tir vor

ol

lo mi sen to mo n - - - re, Par - tr vor -

ti re lo mi sen to mo - ri re.,

- , , I R
G 5% B B
i
L
c
Ul
|
c
|
TN
I
§

ti re lo mi sen to mo - Tri - - re,
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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/79f3e3c5-20b7-4241-9144-4cc6d720¢206.mei
j TROMP Music scholars annotation tool Home Help

Specify the annotation container path inside your Pod: &< Q @ -5
. » 124 » o —te -’ & I
: . Soprano é : = 2 e —— : —— 2| — i P
Search using F-TEMPO (experimental) | | :S g : ;
jour mon coeur, Bon - jour ma dou - ce  vi - . - e, Bon -  jour
Search this score on F-TEMPQO: select a single voice from this list as query ! — —
Alto (3 €2 o 2 2 1{ 7 — f - z 3 2 o
o Soprano jour mon cocur, Bon - }our ma dou - - ce Vi - - ¢, Bon - jour
@ L - s
Tenor % Bon jour mon éocur. Bon - jour ma dou - ce Vi - - ¢, Bon - jour
- 3 F . =
pass s g —r———T—p et ——p 2
! ' : : : SEm ' : H '
Search Bon jour mon coeur, Bon - jour ma dou ce vi e, Bon jour
. e - - - § - - ; -
v GB-Lbl_A337b_0211 é’ :
Piano ¢ |
9: e - - - t - - : -

As ~SVPERIVS | s P

/ —
o { » 3 . g . ] ® 2 ."» = { D » i'» S »
(o & R E—r—r—1 i ——1 —p—1 L — ™ A ——— " f— ¥
e ‘ . . . -. A . ‘ w 4 . A ‘ f 4 A y V 1 /
mon oeil, Bon - jour ma che rea mi - - e! He! bon-jour, ma tou-te  bel - le, Ma
: ! N ! ! NN } N
! ] i : » 7 1= : i B—N—1 =iyt  —— 1
é o o —s e I: — iz ’i e e T s e, e | =
. ] 2 .
mon ocil, Bon - jour ma che - - rca mi - c! Hé! bon-jour, ma tou-tc  bel - lec, Ma
IV o
ZP 2 B—r—F £ f e P 2 —ea—p—T | pp—p 'l
&) ; i — — : ; ! Dl
% mon oeil, Bon - jour ma ch¢ -rea mi - e! He! bon-jour, ma  tou-te bel - le, Ma
~ - ’ . =
9; i z I 2 1 P — l,‘ I — : 3.0 = 1 2 " — ——— — — l
{— - oS - (E=. : : . i m—— | ‘ ey +
ur ey » ‘gu.‘-‘.- ey 'Y s / mon oeil, Bon - jour ma che . . rea mi - He! bon-jour, ma tou-te bel - le, Ma
Crawford g
( ’ . » - p. - J J 4 NN
o o - . ra .. rl o o i 2 } } 4 o T &
lices mon a- mxomwmumﬂmmm ] o1 ]: R {: — 1 — |.- e S 7 e L™ i |
~ vyr—v ! ! ] ] ! » } 1 ! 11 ! ] e F—1
AL ‘.____—___—___—_L___M.__.___ | mi.onar-«1 . o Ron b HIT e dd - i - rec man 2 = manr Mon dony non-temne ma Ao - e Beonir nevir-veel o

W RRWVTTRRONT NN



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

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

Crawford & Porter: F-Tempo. IAML 2022
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https://search.f-tempo.org/
https://github.com/TransformingMusicology/f-tempo

Thanks

alastair.porter@upf.edu

https:/f-tempo.org
https:/search.f-tempo.org

usic /-\
Tecto TROMPA  RISM |&si
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Statistics

Scans of music from 6 libraries
D-Bsb: 1,215

-Pn: 3,053

PL-Kj: 7,368

PL-Wn: 22,433

GB-Lbl: 35,378

D-Mbs: 497,006

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