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The first published digital scan of music
(1970)
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Review by Michael Kassler (1972)

Review: Optical Character-Recognition of Printed Music: A Review of Two Dissertations
Mchael Kassler
Page 250 of 250-254

OPTICAL CHARACTER-RECOGNITION OF PRINTED MUSIC:

O F A REVIEW OF TWO DISSERTATIONS

AUTOMATIC RECOGNITION OF SHEET MUSIC. By Dennis Howard
Pruslin. Sc. D. Dissertation, Massachusetts Institute of Technology, 1966.

COMPUTER PATTERN RECOGNITION OF STANDARD ENGRAVED
MUSIC NOTATION. By David Stewart Prerau. Ph. D. Dissertation, Massachu-
setts Institute of Technology, 1970.

Readers of Perspectives scarcely need be reminded of the pre-eminence of
the written-musical domain (i. e., that domain of musical experience in which
music is presented visually in one or another system of musical notation) in
musicology: before Edison composers could not produce records of their work
in the sounded-musical domain, and other domains of musical experience

— —e

such as the tactile domain utilized in the Braille system have been employed
comparatively infrequently; and even after Edison various extra-musical con-
siderations (such as copyright law and the relatively high cost of sound-
processing machinery) have joined with tradition to keep the written-musical
domain a principal mode of non-transient musical communication. Within
this domain various systems of musical notation have achieved various degrees
of currency at various places and times, but of all these systems one—the

current common musical notation (‘CCMN' for short) —has dominated: vir-
tually all music printed has been printed in one or another ‘dialect’ of CCMN:
even music originally noted in another system gencrally has been transcribed
into CCMN before printing.

In recent years digital computers have become more efficient and more
prevalent, so that today, at least in computationally well-developed parts of
the world, it no longer is unrcasonable to delegate, or to plan to delegate,
musical processes to electronic computing machinery. Of course, many musi-

cal processes do not involve previously recorded musical compositions: per-
haps it is to the comparatively carly success of a few such computer-mediated
processes that an unfortunate synecdochic misidentification of ‘computer mu-
sic’ with ‘synthesizing sound through the use of a digital computer’ has aris-

en.! But (and of this too readers will be well informed) central to musicology
are processes that do involve prior musical compositions, and for the full
delegation of these processes to computing machinery the relevant composi-
tions must be put into computer-acceptable form. Human key-punchers can
FA L L - W I N T E R 1 972 transcribe from CCMN onto (say) punch cards (at Princeton University the
Masses of Josquin were so transcribed, at a rate of approximately 20 minutes

per printed CCMN page), but as this task clearly requires no intelligence be-
yond that with which machines can be endued it is only natural to consider
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1984: Wabot-2
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2000: Gamera

1itch

eneralized lgorithms and ethods for nhancement and estoration of rchives
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Gamera @ Peabody

% Designed and built by Karl McMillan and Michael
Droettboom (started fall 2000)

% Master’s students at Computer Music Department at
Peabody Conservatory of Music, Johns Hopkins
University

% Both worked at Digital Knowledge Centre, Johns
Hopkins University Library

% Both graduated in 2002
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Gamera developers

& Karl McMillar
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Birth of Gamera

Gamera: A Structured Document Recognition
Application Development Environment

Karl MacMillan, Michael Droettboom, and Ichiro Fujinaga

Peabody Conservatory of Music
Johns Hopkins University
1 East Mount Vernon Place, Baltimore MD 21202
email: {karlmac,mdboom,ich}@peabody.jhu.edu

% First paper presented at the 2nd International Symposium
on Music Information Retrieval (ISMIR: October 2001) in
Bloomington, IN
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Early Gamera Screenshot (Linux)
ca. June 2002
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Original Gamera Website
ca. December 2002

Software framework for the creation of domain-specific recognition applications

Introduction This page describes the Gamera system, being developed at the Digital Knowledge Center at Johns
Hopkins University. The project is funded in part by the National Science Foundation, the Institute for
Museum and Library Services, and the Levy family. Please review the papers and software below for
more information.

Large parts of Gamera are currently being rewritten. The major advantages of this are
faster compilation- and run-times, portability to Windows, Mac OS-X and Unix, and a richer plugin
system. We plan on making version 2.0 available once the code base stabilizes.

Authors Ichiro Fujinaga

Michael Droettboom
Karl MacMillan

Software Download: Gamera 1.0 can be downloaded here (gzipped tarball).

SIMSSA
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Pfoject: Garhera: Summary

Summary | Admin | Home Page | Tracker | Bugs | Support| Patches| RFE| News | CVS| Files |

Gamera is a framework for the creation of structured document analysis applications by domain experts. It combines a Developer Info
programming library with GUI tools for the training and interactive development of recognition systems. -
Project Admins:
Foundry

Member :Python Foundry abrzeczk ./~
mdboom .~

Development Status: 4 - Beta

Environment: Cocoa (MacOS X), Win32 (MS Windows), X11 Applications Developers: 4

Intended Audience: Developers, Education, Information Technology, Science/Research [View Members]

License: GNU General Public License (GPL)

Natural Language: English

Operating System: MacOS X, Windows NT/2000, Linux

Programming Language: C++, Python

Topic: Graphics Conversion, Artificial Intelligence, Information Analysis

.
.
.
.
.
.
.
.

Project UNIX name: gamera
Registered: 2004-01-12 10:13

Activity Percentile (last week): 63% #
View project activity statistics
View list of RSS feeds available for this project

Latest File Releases

Package Version Date Notes / Monitor Download

=2

gamera gamera-2.2.0pre2 August 17, 2004 Download
gamera-video 1.0 January 13, 2004 v Download
toolkit-skeleton 2.2.0pre2 September 8, 2004 Download

wxPython-Gtk-X11 wxPython-Gtk-X11-2.4.2.4 July 21, 2004 B Download
[View ALL Project Files]
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2005: GEMM
(Gamut for Early Music on Microfilms)

% Based on GAMUT: Gamera-based
Automatic Music Understanding Toolkit

% Possibility of OMR for music on micro-

films

% Almost all old Western music are on
microfilms

% Efficient digitization using automatic
microfilm scanner

(Eclipse 500: 590ppm)
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eno The Gamera Homepage

< + |6 hitp://gamera.informatik.hsnr.de/index.html

M #¥ mumt621 McGill impro arashi TD imdb Dict Ich Favesv BTv Canadav Shopv Compv Researchv Foodv miscv Apple (90)v News (1353)v

The Gamera Project

Home Download Addons Publications

Home
This is the official homepage of the Gamera project, a framework for building document analysis applications.

About Gamera

Gamera is not a packaged document recognition system, but a toolkit for building document image recognition systems. It makes the development of new
recognition system quite easy, though this still requires some time commitment. Gamera is a cross platform library for the Python programming language.
Apart from providing a set of commonly needed functionality for document image analysis, Gamera additionally allows for custom extensions as C++ or
Python Plugins and as Toolkits.

For an overview both of Gamera itself and of applications built with the aid of Gamera, see the papers listed under "Publications"”. Ready to run recognition
systems for custom application cases and other optional add-on libraries are listed under "Addons". The addons are distributed as toolkits.

Documentation

The official Gamera documentation describes most aspects of Gamera like installation, the training GUI, image types and plugins and writing custom
scripts and toolkits. It comes with the source distribution of Gamera (see the doc subdirectory). Here are direct links to useful documentation:

The offical Gamera documentation online or downloadable as gzipped tar ball

The Gamera FAQ

Contact

About
Documentation
Support
Authors

License

JOHNS HOPKINS

N1V ERSITY

N

Hochschule
. Niederrhein

.
o A Tutorial Introduction to the Gamera Framework which contains learning material for understanding the main concepts. Here are some test images for the exercises in the tutorial.
.
L

Gamera related published papers

If ;ou Zi= rew to the ’ythor lancuace, va 1 mi >ht alsn want tn chack some of the dacume ntation from the Pvthon home paje.

Support

The Yahoo! Groups mailing list is the best way to communicate with other developers and users of Gamera. Please consult the Gamera FAQ before posting to the mailing list.

Eelp isalnay; welcome, vhetierits smprovin g the docamentation,bag, z2por s,cofdung rewiziturer (r oftering desigh uggetion:. Jhee 52’ [ODD is)." h s niy provide inspi ztioz ‘ol

people looking for projects to do.

2008: Website moved to: http://gamera.informatik.hsnr.e
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McGill clijg

Some Features of Gamera
c. 2008
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Preprocessing
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Preprocessing
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Staffline Removal

SIMSSA | scoe searching and Anaiye OMR Fujinaga DDMAL  Akcfives ggLararies as 20 /97




Staffline Removal

Four-line hand-drawn staff example
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Staffline Removal
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Staffline Removal
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File Image Classifier Rules
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23 selected glyphs UNCLASSIFIED
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Other Applications

» =~ Classifier
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X kNNinteractive Classifier
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Navajo language recognition
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Roman de la Rose (Bodelian MS Douce 195, 90v, 15th C.)
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2008: Other Applications
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Optical Recognition of Psaltic Byzantine Chant Notation

Christoph Dalitz - Georgios K. Michalakis - Christine Pranzas
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Optical Recognition of Lute Tablature

Christoph Dalitz - Thomas Karsten
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2005: Other Applications
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Multiple-choice Test Recognition System (Spadaccini & Rizzo)
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% 2005-2012 Ashley Burgoyne (PhD)

% 2006-2008 Laurent Pugin (Postdoc)

% 2007-2016 Andrew Hankinson (PhD/Postdoc)
% 23 publications on OMR between 2007-2016

% 18 publications on OMR between 2007-2012 (3 per year)
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2002: Aruspix

et fublimium cola piopzia virtute calcaut.

Typographic Music: music set with type (single-impression)
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2002: Aruspix

% Developed by Laurent Pugin S
% Specialized for typographic music
% Uses HMM (Hidden Markov Model)

% Does not remove staff lines

. Single Interface for Music .s DISTRIBUTED DIGITAL MUSIC
SIMSSA : Score Searching and Analysis OMR Fujinaga vaAL ARCHIVES o, LIBRARIES LAB 38 /97




',.,’,- Aruspix - Recognition
File Edition Page Tools Help
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S:[MS SA Slngle Interface for Musm _
. Score Searchmg and Analysm

P Similar to “Google Books” minus Google

OMR (optical music recognition) to enable full-text
search

Sophisticated music analysis and query

% Access to digitized scores world-wide from a
single website

% SSHRC-funded 11-year project: 2011-2021: $4.4M
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What would SIMSSA provide?

% Web-based OMR system with score editors

Rodan (Remote Online Document Analysis Network)

Gamera + Aruspix (a combination of existing OMR software)
Verovio (open-source music engraver) by Laurent Pugin
“Gradsourcing” to correct errors

Early music
% Web-based user interface to view, search, annotate, and analyze scores

MEI (Music Encoding Initiative) by Perry Roland and others
Diva.js (web-based IIIF-compatible document delivery system)

Humdrum / music21 (analytical tools)
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The Vision: Global Music Library

Tools T Metadata & Text
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SIMSSA Team

% Musicologists (20)

% Music Librarians (8)

% Music Technologists (11)
% Partners (23) including:

Bavarian State Library
Bibliotheque nationale de France
British Library

Harvard University Music Library

HathiTrust Research Center
New York Philharmonic Archives
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Optical Music Recognition (OMR)

A process of converting images of music scores into a

symbolic computer representation, such as MIDI,

MusicXML, or MEI (Music Encoding Initiative).

Was thu' ich denn.
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OMR Fujinaga

<section

<measure
<staff
<layer
<rest
<note
</layer>
</staff>
<staff
<layer
<note

"staff-

tuplet
<beam "bear-

<note ote-L8F

<note
<note

/beam>

</tuplet>

<note
<note
</layers
</staff>
<fermata
<tie
<slur
<tie
</measure>
<measure
<staff
<layer
<note
<note
</layers
</staff>
<staff
<layer
<note
</layer>
<layer
<note
note
</layers
</staff>
<fermata
</measure>
<measure
<staff
<layer

"note-L11F1"
"note-L12F1"

"fermata-L10F1"
L11F1-L12F1"

lur-L11F2-L16F3N1"

L12F1-L15F1"

e-L13"
aff-L13F2N1"

layer-L13F2N1"

"note-L15F
"note-L1

"staff-L13FINL"
layer-L13FIN

"note-L15F1"

"layer-L15F2N2"

"fermata-L16F3"

DISTRIBUTED DIGITAL MUSIC

"#note-L10F1"
L11F1" "#note-L12F1
"#note-L11F2"

"#note-L15F1"

"#note-L16F3"
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Digitized
Scor

SIMSSA

. Single Interface for Music

. Score Searching and Analysis

Steps Involved in OMR

Image Music Symbol
Preprocessing Recognition
Binarization Staves
Processing

Noise Removal

Structural Symbol
Analysis Segmentation

Image Symbol
Segmentation Classification

OMR Fujinaga

Music Notation
Reconstruction

Final

Symbol
Combination

Semantic
Assignment
(pitch, value)

Musical
Structure
Reconstruction
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FEAST OF THE BLESSED SACRAMENT,

CORPUS CHRISTI
Dowble of the First Class with Octave.
AT FIRST VESPERS.
All as at second Vespers, p. 950, except the following :

At Magn. §
Ant. 6. F ¢

; . |
monstrd- res, pane su-a-vis- simo c caélo

praésti-to, esu-ri- éntes réples bonis, fa- stidi- 6-sos di- &t fords sonea

n —_
H i | ldeo inter vou
his] -
vi- tes dimittens in- d4ness, Euouae
Cant. Magnificat. 6. ¥. p. 211 or p. 213. Prayer. Deus, qui nobis. p. 943,
At Compline and the Little Hours, the psalms of Sunday are said;
the Hymn, today and throughout the Octave, is sung in the tone a.f Christmas,
p. 867, with the doxology Jesu tibi sit gliria i natus es de Virgine. Al
Jiymins of the same metre end with this dox, y throughout the Octave,
even on the feasts of Saints, unless the contrary be indicated,

AT MATINS. *
Pater, Ave Maria, Credo.

i-es. K. Etos mé-uman-

* The Chant for Matins is taken from the publications of Solesmes.
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O 0 0 Search the Liber Usualis

| <> | + @ hup://ddmal.music.megill.ca/liber/

- Search the
Liber usualis

What is this? Find out more about what we are trying to do

Y Stric pitch sequence -
Enter a search query

PRI Go to page [
Current page: 1 of 2340

THE LIBER USUALIS
1961

This online publication is

provided b)-' the




M In staff music symbols
m Title elements
Py Lyrics or inter staves music symbols
Ornate letter
In staff text elements

e — Blank

1 s idr

L W Tl P o T ' -
P e T ey 5

Cant. Magnificat. 6. F. p. 211 or p. 213, Preyer. Deus, qui nebis. g, 23,

At Compline and the Little Ifowvs. the psalms of Sunday aore soid,
the Hymn, today and thronghnut the Octave, is suny i the tone Uf Christmas,
p. 369, with the doxofogy Jesu bhi sit gliria, Qui natus es de \'1rlgmc. Az
dryermrrs OF the tame metre end with Mis doxvicgy Peoughowt e Ociave,

fre framds of Badnd lezs o} ary be indicated

AT MATINS, *
I'ater. Ave harfa. Credo.
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- Yala

Music recognition:

kMMInteractive Classifier

ey e, podatus 2

Symbals
group
part
CUstos
dividion
final
VL T
splic
alteration
clef
CUSTDS
division
final
major
mirgr
Sinal
he
e rme
clivis
podatus

3
POrreEctus
punctum
scandicus
torculus
wirga

thkip

SIMSSA

neume.podatus.d

AL e Bndarise ?

P T

B A A

—
0 glyphs in cdlassifier

. Single Interface for Music
. Score Searching and Analysis

= .= [x] PO Pp@ PO PO

247 ghyphs in page

OMR Fujinaga

- m ll

1 selected glyph

DDMAL

I

"’o’ L

neume. podatus. 2

DISTRIBUTED DIGITAL MUSIC
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Text recognition: Ocropus

q Appiications. Plaed Syulem Wy B EEITOC Tueun N S3TPM G Ty Q) sainEsgl ()

'
88 1105png =110%5.hemli {im arshared working dirl - gedie

File Edit View lmage GO Help uments  Help

FEAST OF THE BLESSED S4CRAMENT,

CORPUS CHRISTI
Dewlle oy the Firsd Clars with Oclacy,

AT FIRST VESPERS,

AL ax ar gecand Verpers, 5. 3848, ra erpd PR folloudey
quam su-&-vid  est, ¥ D Frvi-meE, SpH-
ri-bias dd-  ws! gqui ut duel Coli-rserm b am in [f-1i- o5 de

mOnsiri-  fes, phne Sueasvise simo

hymns of the same metre end with this doxology tiroughout the Oclave,

pradstioto, esu-ai- dntes réples Bdnis,  [a- stidi- & o di-

wi=- fes dimit-tens fin- &-nies Eiogae 8= 4 -
Cand. Magnificar. & F.p. 940 av p. 13, Praper. Deus, qui nodis, g Sl . -
A DO ok Ul ks St S ptabit of Saday ol sk the Hymn, today and throughout the Octave, is sung in the tone of Christmas,
F o T l.ll..l iRy slarodogy bma fits g!.-n.j_ el raioe e Oy Wiy .|1|':'
Aymvns off ihy gamer sopive ead wibd P doxodogy Poosghosd B Oilar
aven om Lhe feantr of Balaty, weleis dhe canirary By indigaied,
AT AATING
Pater. Ave Maria. Credo.
DT w4 ITE = L e
e
K o E ihi si e Yui " u 0 3 .I”.
O M- . s g ricen. . Bt e - . 3. 387, with the doxology Jesu tibi sit gloria, Qui natus es de Virgine. A

* The Chast for Mato womken S (b publicalican of Solesmed
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Aruspix eCopnition "

quam su-a-vis est, ™ Do-

mi-ne, spi-

‘a

"—a—a—ag

st 1
j‘fi L P j

ri-tus ti-

N

us! qui ut dulcédi-nem tG- am in

fi-li- os de-

m r!" —

4—40;——.—.——-9 ; -

: .i‘ﬂ'ﬂ,‘_h_._j

monstra-

U B I R

res,

su-a-vis- simo de

pane

caélo
a 1

SIMSSA
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Web interface: Diva.js

FEAST OF THE BLESSED SACRAMENT.

CORPUS CHRISTI

Double of the First Class with Octave.

AT FIRST VESPERS.
All as at second Vespers, p. 956, except the following :

At Magn.
o 8 e ———— G

B e

quam su-a-vis est, * Do6- mi-ne, spi-

E S

ri-tus t4- us! qui ut dulcédi-nem td-am in  fi-li- os de-

——

monstrd- res, pdne su-a-vis- simo de caélo
a a

. -
- ™ m

| Strict pitch sequence - :Z:Sear'ch i:CIear:i.

( previous ) Found 77 results for FGACA (‘next )
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Cantus Ultimus




Welcome to the CANTUS Database! | CANTUS Database
R

Th o

."‘?! -

.
‘ » . . s 3 - ...
- 1 0
" -

< (‘d‘l.\ Sr Mmoo AP an& bhono: iy

.
- -

’

}
- e : . : 321
‘ b"-}‘. o 1)0-‘\ o o TTIOET faone h‘(’ TUOS Tan TA <o 2

, : v T T 1

-

s » : ‘ : » \, .'
1 1 H}\\ﬂ {?‘n-—uqu{' m’unlhm ﬁ'(DlA cuonae = Ne\.G ‘. \
T au : ]

i' 'yxl‘t LITTUE R RIS > ;
) - < - . ‘. o
\\ X J SN N

i/ ¥ . PR
“ » - - -l
<1O‘ -y A s domo t1nMmMArL M moeduan. &N npll marmora .Iw.l‘l‘llt Vo
’ 0 »

> ¥ dormu e habuacu JLagryy AT

o e ' L I CIAT PUIpTionts
e luuun alldmn cclic audnaa.aucanusoffic
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3
3
Q
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(@]
)
O

(St. Mary’s U

/
%°

lmmm. 0 ‘.mufn frm rt
"\'0 R L . |
u(bn L tofam ferrounir
"o u;--".’-; ‘rd"' Voan ey %
gm o3 tc ob ummr - -‘ -
(] [ 3N/ - . '.‘.. .‘.\i l.\ > \ -
alzZlnnes 1in YL LRSS E 1Y
Y Vs Dol obe A, no KA |

- )
- l'..h....ﬁ ~ ..

s l'\ m rs.w,fr ft}m oy

Salzinnes Ant
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]
H
o
2
-
B
D
9
(V)

% Brought to Ha
by Archbishopl
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4 e
2012: Rodan

Andrew Hankinson

% Remote Online Document Analysis Network

o We

rec

TS e ‘ :A 5
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C|IR
MIMIT

Rodan: OMR Workflow Management System

° Rodan Project Workflow Window Help

O 2% Lo & W<

Status  Users Pages Designer Jobs Results

: _ Workflow Run
Crop, greyscale, Niblack, despeckle ¢sg-0390_017.jpg URL: Mon Jun 16 2014 11:50:41 GMT-0400 (EDT)
try again: Crop, greyscale Niblack, de... csg-0390_110.jpg Created on:  Mon Jun 16 2014 10:33:39 GMT-0400 (EDT)
Updated on: http://rodan.simssa.ca/workflowrun/139ed692304d4402a34e8059¢820129/

Results Packages Cancel Workflow Run

Run Jobs

View Run Job Settings

To Greysc... Has finished 30179f3ede504... ¢sg-0390_110.jpg
Bernsen T... Has finished 01ebd132cb88... ¢sg-0390_110.jpg
Rdn Desp... Has finished bf17ef9e78524... ¢sg-0390_110.jpg
Pixel Seg. Has finished 478ba796135d.. ¢sg-0390_110.jpg

Page
Page name: ¢sg-0390_110.jpg
URL: http:/irodan.simssa.ca/page/f7603e9fb397461db36777849771e5b/

View Result

Run Job name Bernsen Threshold

URL: /datalprojects/c50c031df54e4e4a986852e715f06ad8/workflows/837f52¢
Created on: Mon Jun 16 2014 10:43:07 GMT-0400 (EDT)

Updated on: Mon Jun 16 2014 10:50:01 GMT-0400 (EDT)

View Result

Run Job name Rdn Despeckle

URL: I/datalprojects/c50c031df54e4e4a986852e715f06ad8/workflows/837f52¢
Created on: Mon Jun 16 2014 10:49:52 GMT-0400 (EDT)

Updated on: Mon Jun 16 2014 10:50:08 GMT-0400 (EDT)

e v View Result
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e g
PNG (RGB) [Notes]
1 I |

*

Rodan Workflow

}

1

e
PNG (RGB) [Page]

e

— ]
Resize Image

Fast Pixelwise Analysis of Music Document

PNG (RGB) [Staff Lines]
g |

! . ‘
PNG (RGB) [Other = Background & Text]
i

s

Convert to one-bit (black and white) PNG
m

—
Convert to one-bit (black and white) PNG
(|

s

C} ,
Despeckle
= .

CC Analysis

ST W E——
Diagonal Neume Slicing
m

Non-Interactive Classifier
T

s

O —
Despeckle
|
B
L]

L
Miyao Staff Finding
I

. Single Interface for Music
. Score Searching and Analysis

SIMSSA

Heuristic Pitch Finding
Il

|

OMR Fujinaga

s

Text Alignment

1
|-

MEI Encoding
I

-

m DISTRIBUTED DIGITAL MUSIC
ARCHIVES 5, LIBRARIES LAB

|| MEI Resizing
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oy %
. 2016: Breakthrough in OMR

preprocessing!

% Pixel-level classification

Background
Text
Staff lines

Musical symbols
% Convolution Neural Network

% Jorge Calvo Zaragoza: “Calvo’s Method”
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. tmrmttam vemer ttm o =
! v Eﬂ”." ﬁF _l__._ . e (:,::v "‘

lmu totam tm‘amh’e

SH N A N R

trm.3 fc ob ummc

= ; namns s

Greyscale

Binarization

Border Removal

Lyric Removal

Staff Removal

Shape Classification

Music Reconstruction

Shape/Image Alighment




Greyscale

Binarization

Border Removal

Lyric Removal

ntbu lcimtnmﬁi Staff Removal

fem, tr ob wame e —
4‘— 2 A, <, K52l Shape Classification

I g'f1';! :i m N N

‘
!
i
i
o

Music Reconstruction

Shape/Image Alighment




Three Different Outputs in One Step!
Using Convolutional Neural Networks

S
Ex.:;;;:; o T

(a) Input image (b) Binarization

ool ﬁw;wu
TR S R

(c¢) Text detection (d) Staff-line detection
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Calvo’s Method
Complete Layout Analysis

(b) Input score after layout analysis '
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Separation of Staff, Notes, & Text

Jorge Calvo Zaragoza

Actual

=

uentu

e '."b. B

gloxure

m

T T
s,

i annunaate o

. T T S — i

zn' et mlubis quey

a " l. .’Q.~.l “ u'u‘
Saluator no Merad
3

\Ihl ‘.l.'.. — -

Text

“uentu gloue n

l
,-l ndte verbum o
ammaate o
re of w nfulis que

Saluatol no Mervad

SIMSSA
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Examples of Different CNN Input Window Size

Background Text Symbol Staff line
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==

(a) Samples of background class

=E===

(b) Samples of staff class

Te u4

(¢) Samples of text class
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w Bl &

& Chi
2018: A Different Neural Network Model
Selective Auto Encoders

Decoder
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Background

pus hrummly

e

Combination
b e
p_ugm : pus humly
:QT,{:‘! ‘l"."_‘ + ;.jm
I 02pon I (DPo
B s 3 . . -
SRS OMR Fujinaga DML BRSPS v
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Accuracy & Classification Time Comparison
Selective Auto Encoders (SAE) vs Convolutional Neural Nets (CNN)

Two Medieval Manuscripts:

Strat Macro F; T
rate —  Time per page
24 Salzinnes Einsiedeln Pt PES

SAE 06.4 89.3 ~ 1 minute

CNN 91.3 38.4 ~ 6 hours
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Pixel.js

'/ [ Pixel.js

m.
<« coa o0 [REET

Ichiro

e e s —————————
“ Apps | SIMSSA

o __ MO cronnms po puins trbus
T o — = Noa
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cnmgm' v meng ¢ wiEofe

R e

e e ——— 3

Thmm
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) aufere tur &t vegni cns quod nd m;
To annotate one page of a manuscript containing

over 30 million pixels took 24 hours (3 days!
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¥ McGill

Ground Truth

SIMSSAY e ne
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Original Image Ground Truth
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Results with a New Page
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SIMMSA Workfow for Neume Notation

Digitized Manuscript

S e

Automatic Pitch Finder

Workflow Management System 1}

- O uI tpluI t' € elnleI |ratlolr-

MUsIC ENCODING

INITIATIVE




— Interactive Classifier Submit Corrections andd Re-Classify Finalize Classification and Save Gameraow Group Ghyphs and R

alR 16. '10.
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Mil

o

% The Music Encoding Initiative (MEI) is a community-
driven effort to define a system for encoding musical
documents in a machine-readable file format (XML).

% In development since 1999.

N/
%

El is based on Text Encoding Initiative (TEI).

M
%+ MEI is an alternative to MusicXML.
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Neume Mapping Table to MEI

Torculus 3

3 pitches: n-h-1

21,5 (10r)
plenitudine
m

Torculus

neume.torculus

<neume>
<nc tilt— “e’” />
<nc angled= “true” tilt=
<nc tilt= “se” intm= “d”
</neume>

21,5 (10r)
tua

Torculus

neume.torculus

<neume>
<nc curve= “a” />
<nc tilt= “nw” intm= u
<nc curve= “c” intm= “d”
</neume>

w r”

21,5 (10r) et

Torculus
melodic

neume.torculus

<neume>
<nc tilt= “e” />
<nc angled= “true” tilt= “n” intm= “u” />
<nc tilt= “se” intm= “d” rel len= “1” />
</neume>

Torculus

neume.torculus

<neume>
<nc curve= a” />
<nc tilt= “n” intm= “u” curve= “c” />
<nc con= “g” tilt= “ne” angled= true”
/>

</neume>

W

w r

intm= “d~

Torculus
resupinus 4

4 pitches: n-h-1-h

21,12 (10r)
nostrum

Torculus
resupinus

neume.torculus_resupinus

<neume>
<nc tilt= “e” />
<nc tilt= “n” angled= “true” intm= “u” />
<nc tilt= “s% intm=— 2dZ” />
<nc angled= “true” tilt= “ne” intm= “u” />
</neume>

22,13 (10v)
tribuisti

Torculus
resupinus

neume.torculus_resupinus

<neume>

<nc curve= “a” />

<nc tilt= “n” intm= “u” />

<nc tilt= “se” intm= “d4d” />

<nc angled= “true” tilt= “ne” intm= “u” />
</neume>
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Neume Mapping Tool

Home New neume  About us Contact Help

Log-out

User1

Images: Name:

-—.— Punctum

Folio:

1/r9

Description:

Punctum

Classification:

neume.punctum

Update

Delete

Mei Snippet:

1 //mei snippet for neume.punctum
2 ~ <neume>
3~ <nc>

&4 </neume>

Images: Name:

A
e
Folio:

1r/3, 1r/5

Description:

. Single Interface for Music
. Score Searching and Analysis

SIMSSA

Classification:

neume.pes.b.3

Update

Delete

OMR Fujinaga

Mei Snippet:

1 //mei snippet for neume.pes.b.3
2 ~ <neume>

3 <nc/>
4 <nc intm = "25"/>
5 </neume> <

Be

element parse error: Error: invalid tagName:
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InteractiveClassifier.js (K-NN)

— Interactive Classifier  Submit Corrections and Re-Class

", 10. "o, e, 16, T, e, ey Yo fey "lo. "0,

N hléﬂf"fff

Q.‘

TN e % % P e e e R e P e
U fhfs

.

EFEFEER R AT

", n -'h
..h.Ia h:;o. Flh i=1..
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- AD.
— _ extol lens~- que ll er Vo cem de tur lni‘g-t
iA

‘! . PR ¥ ‘ ' M A1) . ‘ ' s
. v 3 7 7 3 L1d

[} ‘ l

ba dix *it be a tus ven ter uil por ta vit et ube

[lm Puke pehifus benjfer hm tt imltahut Mmbe

Extollens quaedam mulier vocem de tur-
ba dixit beatus venter qui te portavit et ube..

% OCR used: OCRopus (recurrent neural network: LSTM)

% Sequence alignment: Needleman-Wunsch algorithm
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OCR & Text Aligner

* | fz(n
,\ N‘D‘I‘ﬂls hll@iﬂl ﬁlllt[hb' hdfi bz E;;l'”(mmh
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Zoom

Glyph
Opacity

Image
Opacity

T (R a

~ . o ppr—————p—— Y © |
el alon e ‘ A Display Options:
Oy X : T ’
| : l LB A Highlight- Neume ¥

Text BBoxes Info O

Grouping System

¢ spi ci ens a lon ge ec ce vi de o dei po ten ti
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Display

“f\ —T Zoom

- an. A nm X %@Lqﬂf

.nn nus de l‘tm 133_*,1 abd Ml

=== < = = —

Glyph Opacity

7-{

,quc wipine ah 0 _n [y 1] rl‘.‘llU'!_L

Image Opacity

Display Display Text Display

"“ "‘ b“i Lm" ‘“7'7 e — Text: BBoxes: Info: Highlight - Syllable ¥
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=mta5 ~ redemptio s . Sunre fal MEI Status: VALID

— 2 = = Insert
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Edit
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Cantus Ultimus Interface

o006 > @

Cantus Ultimus » Salzinnes, CDN-Hsmu M2149.L4

= == Zoom level: 2
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Smams

& cantus.simssa.ca/manuscript/133/?folio=002r&chant=1 © 1] a

About Activities Team Manuscripts Search
" 1 Al .
Folio 002r (3 of 479) | Manuscript info

A Previous Folio Next Folio ¥

Folio 002r Search Manuscript
Chants

Aspiciens a longe ecce video

Cantus ID: 006129
Sequence: 1

Feast: Dom. 1 Adventus
Office: Matins

Genre: Responsory

Mode: 7

Full Text

Aspiciens a longe ecce video dei potentiam venientem et nebulam totam terram
tegentem ite obviam ei et dicite nuntia nobis si tu es ipse qui regnaturus es in populo
Israel

po-tenti- am  ve- ni- en-  tem et ne- bu- lam to- tam ter- ram te-
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Cantus Ultimus Interface

000 <> [ @ cantus.simssa.ca/manuscript/133/2folio=002r&chant=1 © 1] o n

Cantus Ultimus » Salzinnes, CDN-Hsmu M2149.L.4 About  Activities  Team  Manuscripts  Search

= 4 Zoom level: 2 Folio 002r (3 of 479) B & XK venusciptino

A Pre

Folio 002r Search Manuscript
Chants

Aspiciens a longe ecce video

Cantus ID: 006129
Sequence: 1

Feast: Dom. 1 Adventus
Office: Matins

Genre: Responsory

Mode: 7

nmmmam \mum trm rf
v TR N n My

nebu L totam trmlmtr AR — FullText
S “ F'“’ \‘ o a‘.. '.\-\ - I Aspiciens a longe ecce video dei potentiam venientem et nebulam totam terram
m“ 9 tc ob llf;ﬁllt: VN 3 tegentem ite obviam ei et dicite nuntia nobis si tu es ipse qui regnaturus es in populo
) 1 Israel

Y& t—,gT'!:, - |
Ll '

v syl 4 et S et
'!F" Ty L |
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e e e e

po-tenti- am ve- ni- en- tem et ne- bu- lam to- tam ter- ram te-
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¥ McGill gLR
Summary

‘A Retrospective on Optical Music Recognition Research”

% Early developments
% OMR Thesis
*» Gamera

% SIMSSA (Single Interface for Music Score Searching
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