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Abstract—The increasing availability of on-line music has analyze technical properties of music formats, rangingnfro
mOtIV&t?d a growing interest .fOI' organizing, commeruahzng, Humdrum, Lilypond ([5]) or MIDI ([2], [8]). Some of these
and delivering this kind of multimedia content. For it, the use of works are based on solving a music information retrieval

metadata is of utmost importance. Metadata permit organizéion, MIR bl lik tracti f tent. whil
indexing, and retrieval of music contents. They are, theradre, ( ) problem, like genre extraction from content, while

a subject of research both from the design and automatic Others are application-independent. Our proposal fallthén
extraction approaches. The present work focuses on this saed latter category, focusing on metadata like text metaeyents

issue, providing an open source topl for metadata extr.a}ct'm) key, tempo, and meter signatures, etc., although some sta-
from standard MIDI files. The tool is presented, the utilized yigiica| properties based on track contents are also peavid
metadata.are explained, and some appl!(;qtlons and experimées Thi f dat its to add iz ati dent
are described as examples of its capabilities. IS range of dala, permits 1o address organizalion ogente
problems, like categorization and indexation of MIDI files,
|. INTRODUCTION but also well know MIR problems like melody part or genre
Metadata permit organization, indexing, and retrieval @&cognition.
music contents in digital collections, e.g. digital lides [10] A special attention has been paid to interfacing with other
or on-line music stores, to name but a few. A digital musigrograms for metadata analysis, so the software has been
library requires addressing complex issues related toriesc designated to operate in command line.
tion, representation, organization, and use of music mfgsr  The rest of the paper is structured as follows. The ob-
tion [9]. Another application of accurate metadata is eslat tained metadata are explained in section Il, thet ani di
to copyright issues when sharing of music databases amdagl is presented in section Ill, and some applications and
music researches located in different countries. A swatalBxperiments are described in section IV as examples of its
solution is the use of metadata instead of the source somsg fileapabilities.

The presented tool along with its helper formats can help in
that direction. 1. MIDI METADATA

Metadata are, therefore, an important subject of research f npt ani di extracts descriptive, structural, and technical

cusing on both the design and automatic extraction appesactnetadata at two different levels: global and track-locatane
The quality of content-based music recommendations is iata. Output is provided in three different formats:

&Oerttzgg?aig?tlrjiizf:sd [g]y the number and quality of available « register format, where metadata are presented in a report
A number of efforts have been addressed to automatic meta; ﬁ;)gefgfrﬁgil E)rrierr?tae((jja?o"Iz’)mmunication with other soft-
data extraction from music data, both from audio and syraboli ware for fu,rther processing, and
files. For example, MPEG-7 [6] deals with multimedia content « XML format, providing a siandard and modern format
description. In this context, Pachet in [11] described geuto for interfacin,g with other applications. The use of XML-
on the automatic computation of those descriptors focusing based format has proven to be useful in former works [1].
on digital audio data, while Kleedorfer et al. [4] aimed at . ) )
generation of metadata attributes automatically extcbfrtem  MOre details on these formats are provided below in sec-
song lyrics. Some of these metadata are utilized, throuﬂﬂn .
standard text classification methods, to derive genre, mo%d
and offensive content tags. '
The present Work focuses on metadata extraction fromln th|S SectiOI’l the general metadata. eXtraCted from a MIDI
standard MIDI files, introducinget ani di , an open source file, are described. These metadata are extracted from éhe fil
tool for metadata extraction from them. A number of workgtorage system, from its header, and from its sequencestrack
in the literature have deal with related problems, repgrtin « Name the complete path where the MIDI file is stored.
MIR platforms for symbolic file format analysis in different « Metaeventtext strings contained in text metaevents. This
languages like Matlab [2] or java [8]. These works are able to information includes all kind of text metaevents found

Description of global metadata



in the track 0 of a MIDI file, like author, song name, « Low pitch, lowest pitch in the track.

copyright notices, sequencer, etc. « High pitch, highest pitch in the track.

Size the size in bytes of the file. « Modulations, number of modulation messages.

Format, the format of a MIDI file. O for single track; 1 « Aftertouches, number of aftertouch messages.

for multi-track files, and 2 for multi-sequence files. « Pitch bends number of pitch alteration messages.
Number of tracks, the number of tracks that the file is « Program changes patch change messages. The pulse
composed of. where it changes is showed between brackets.

Resolution, the number of ticks per beat.

Tempo, initial value for tempo in beats per minute.
Tempo changes the number of tempo change events.
Tempo tracking has not been implemented, due to thepeut ani di can be freely downloaded from
large number of changes that may appeacitelerandos np: //grfi a. dl si . ua. es/ gen. php?i d=r esour ces. In

or rittardandosare present in the sequence. the downloading page the reader can find the source code of
Meter, the list of number of beats per bar over begiet ani di, the DTDs listed in Table I, and an alternative

kind separated by commas. The pulse where it change§p format ¢ that can help in the automatic developing
is showed between brackets. of automatic parsers like the one programmed in Java with

Meter changes the number of meter changes. XMLBeans? that is also provided.
Key, th_e list of toqality metaevent in the file. The pulse It has been developed in ANSI C 4.2.4 version and tested
where it changes is showed between brackets. under Linux. It is designed to operate in the command line,

Key changes the number of tonality changes. groviding the different output formats, with this syntax:
Instruments, the numbers of the General MIDI patche

utilized in the sequence. metamidi -{r|x|I} file [-o fileoutput]
Percussion the percussion instruments utilized in the

sequence according to the pitch values utilized in chaniféere:

10, assuming the General MIDI standard percussion map-r : outputs metadata in register format.

IIl. THE et am di TooL

Percussion instruments have been categorized in three| : outputs metadata in line format. A”“separates the
different groups, coded as follows: global metadata from track metadata and also the
— 1 :instruments usually found in a drum Kkit, different track metadata parts. A “;” character is used
— 2 : latin percussion, and to separate each feature. “,” character separates multi-
— 3 : other percussion elements. valuated features.
« Sequence durationthe number of clock ticks where the - X : outputs metadata in XML format. A DTD is provided
offset of the last note happens. where tags and attributes are described (see Table I)
« Has sysexa flag showing whether sysex messages appeaiynhen a string metadata is not found, a “$” is given. For
(value 1) in the sequence or not (value 0). missing numerical values, al is displayed.
B. Description of each track metadata: If no output file is provided, the standard output is utilized

The second level of metadata are descriptions of each tréRViding a way to pipe the result to other data processing

content. Therefore, the metadata described below are &r egoftware that uses the standard input as input. This permits
track. to design powerful scripts using off-the-shelf text andadat

Metaeventtext, strings contained in text metaevents inProcessing utilities. -
cluded track, like track name, instrument name, lyrics, In table Il an example of a two-track MIDI file is displayed

markers, etc. whennet am di operates in report format.
Track duration, the number of ticks from the onset of
the first note to the offset of the last note in the track. IV. APPLICATION EXAMPLES

Duration rate, = track duration / sequence duration.
Occupation, the sum of the number of ticks where notes The kind of extracted metadata can be used in a number of

are sounding in the track. applications like MIDI file indexing, organizing, classifig,
Occupation rate, = occupation / track duration. etc. In this section, two well known MIR problems have been
Polyphony duration rate, ticks where two or more notes addressed using the provided metadata. Firstly, we wibrep
are sounding / occupation. results on selecting the track containing the melody in aimul
max polyphony, the number of maximum simultaneousrack MIDI file, and secondly, we will present results of an
notes in the track. experiment on genre classification using the timbral metada

Avg polyphony, number of sounding notes in averaggrovided by the patch instrument map in the file.
(weighted by their durations), computed as

_ ZVn>O n x (#ticks with n notes) @ Lhttp:/www.w3.0rg/XML/Schema
N occupation 2http://xmibeans.apache.org/



TABLE | TABLE I
PROPOSEDDTD OUTPUT EXAMPLE OF A TWO TRACKMIDI FILE USING THE “REPORT
FORMAT.

< ELEMENT midifile (external, gl obal,tracks)>

<! ELEMENT external (comments?)> nane: / hone/ r eposi t or y/ Beet hoven/ Fur-El i se. m d
<I ATTLI ST ext er nal text netaevent: Fur Elise, Ludw g van Beet hoven
si ze: 9574

name CDATA #REQUI RED formt - 1
si ze CDATA #REQUI RED num tr acks: 3
m di format (0] 1] 2) #REQUI RED resol ution: 480
nunt racks CDATA #REQUI RED t enpo: 75. 00
resol uti on CDATA #REQJ| RED tenpo changes: 25

> met er: 4/ 4(0), 3/ 8(0), 3/ 8(5760)

<! ELEMENT comments (#PCDATA) > meter changes: 3

<! ELEMENT gl obal (coments?)> key: CM(0)

<! ATTLI ST gl obal key changes: 1
et aevent t ext CDATA #REQUI RED NSt ument S _11
tenpo CDATA #REQUI RED Guration: 90000
t empoChanges CDATA has sysex: 0
meter CDATA #REQUUIRED ... Features of track 1 ----
met er Changes CDATA text netaevent: Pi ano RH
key CDATA #REQUI RED channel : 1
keychanges CDATA dur ati on: 89968
i nstrunents CDATA duratlo_n rate: 1.00
percussion (-1/1]2|3) occupat i on rate 054
duration CDATA #REQUI RED pol yphony duration rate: 0.20
hasSysEx (true|fal se) #REQUI RED max_ pol yphony: 4

> avg pol yphony: 1.30

<! ELEMENT tracks (track+)> | ow pitch: 57

<! ELEMENT track (coments?)> high pitch: 100

<! ATTLI ST track modul at i ons: 0
met aevent t ext CDATA #REQUI RED aftertouches: 0
channel CDATA #REQUI RED g'rf);‘a?ne’c‘g:hges, 2( 0
durat! on CDATA #REQURED [ 7 Feat uresl of track 2 ----
dur ati onRat e CDATA #REQUI RED text metaevent: Pi ano LH
occupati on CDATA #REQUI RED channel : 2
occupati onRat e CDATA #REQUI RED durati on: 90000
pol yphonyDur at i onRat e CDATA #REQUI RED duration rate: 1.00
maxPol i phony CDATA #REQUI RED occupat i on: 39587
avgPol i phony CDATA #REQUI RED occupation rate: 0.44
| ow pitch CDATA #REQUI RED gg'xyggl"%hgﬁ;a“ on rate: 9.19
hi gh pi _tch CDATA #REQUI RED avg pol yphony: 1.23
nodul ati ons CDATA | ow pi tch: 33
af t er Touches CDATA hi gh pitch: 76
pi t chBends CDATA modul at i ons: 0
pr ogr anChanges CDATA aftert ouches: 0

> pi tch bends: 0

program changes: 1(960)

A. Melody track selection
average polyphony),

Standard MIDI files are structured as a number of tracks.. for a melody to be sung it must mantabile so the pitch
One of them usually contains the melodic line of the piece, ranges are relevant (low pitch and high pitch).
while the other tracks contain accompaniment music. Fondin |, the training phase, given one of the former metadata
that melody track is very useful for a number of applicationgy its probability distribution function is computed assogi
including music retrieval or motif extraction, among o#€r 5 Gaussian distribution, both for the metadata values of the
In [12] the authors introduced a method to identify the tragkycks labeled as melodies, obtainifgd| M), and for those
that contains the melody using statistical properties & thyiracted from non melody tracks, obtainifgd|—M).
musical content and pattern recognition techniques. During the test phase, in order to select the melody track

Here we are going to use metadata extracted throughm g midi file, the a posteriori probabilities for all theutks
met ami di to perform the same task under a Gaussigf}e computed using the Bayes theorem:

approach. For that, we can compute the probability of a track
to contain the melody of a MIDI file from different track  p(17q,) — P(di| M)P(M) @)
metadata: P(d;|M)P(M) + P(d;|-M)P(-M)
« the amount of music information in the track (occupatiowherei subindex refers to the values extracted from #k
rate), track. The a priori probability for a track of being a melody,
« melody are usually monophonic, so the use of polyphordy(M) is computed from all the files in the training set as
is important (polyphony duration rate, max polyphonyyumber melody tracks / total number of tracks, dheM) =




TABLE Il

1- P(M) o . ) ) . . RESULTS OF MELODY TRACK IDENTIFICATION FOR THE DIFFERENT DARK
The final decision is taken using a maximum likelihood SETS
decision taking into account those tracks with probabiiti
higher than a threshold; Corpus Descr. 0 S% | P R F
far = arg max{ P(M|d;) > 6} 3) Clas200 High p. 0.05 | 98.5| 0.99 | 1.00 | 0.99
i Clas Avg.Poly 0.20 | 80.8 | 0.81 | 1.00 | 0.89
If no track has aP(M|d;) > 6, the decision of “no melody” | Jazz200| Max.Poly & Low p. | 0.1> | 86.5| 0.88 | 0.98 | 0.93
is given for that file. Jazz Max.Poly & Low p. | 0.05% | 82.0 | 0.83 | 0.99 | 0.90
There is also the possibility of combining two probability Kar200 Avg.Poly 0.10 | 80.9 | 0.81 | 1.00 | 0.89
distributions. The same methodology is applied, but in this Kar Avg.Poly 0.10 | 88.6 | 0.87 | 1.00 | 0.94

case, the two Gaussians involved are multipliedP$d| M) =

P(da|M)x P(dg|M), and therefore, the same has to be done

Wf'th thet.respecnve_ dfﬁ's'on thresholds 64 x 6. The rest given genre depending on the probabilities of its instrutmen
of equations remain the same. to be used in that genre.

t'-Il'—hee dsfzrrntifedat:r'srr? ;szfe,\;'%lﬂ?'lsésu;'r'cl)zmed ;n _[rlozgkh(?\lé;rbeenWe have a set of classés= {ci, ¢z, ..., c|c|} and a labeled
utitiz Xperi -viart pop training set of songsY = {x1,x2,...,xx }. A MIDI file is

jazz (“Jazz"), and classical music (“Clas”) are organizad 'r(?presented as a vectar where each component ¢ {0, 1}

the different data sets in order to test the specificities . :

. . . .. codes the absence or presence of the paichheinstruments
this problem depending on the music genre. The sets with a . . . : .
—— . . . ) andpercussiommetadata. The dimensionality of the vectors is

200" suffix are smaller sets, more uniform in their struetur

while the other three are bigger ones, more heterogeneais p = 131, corresponding to th? 128 Ge_nerall MIDI patches
therefore. more difficult for theirmelo,dy track to be iddie éb'?us the 3 percussion categories described in section Il. A
’ : " _given MIDI file is assigned to the class € C with maximum

All of them have been manually tagged and multiple melo posteriori probability:
track and no melody track situations occur. '

The system is evaluated as follows. Defining TP as the
number of true positive decisions, FP as the number of false
positive decisions, TN the number of true negative dectsion

and FN as the number of false negative decisions, the eva\fYﬁer.eP(cj) is the a priori probability of class; computed
ation parameters were: in this case asP(c;) = 1/|C|, assuming that all genres are

equally probableP(x) = Z\J_C:II P(c;)P(x|c;) is a normaliza-

P(cj)P(x|c))

P(cjlx) = P(X) )

(8)

TP+TN

Success : S = 100 (4) tion factor, andP(x|c;) is the probability ofx being generated
TP+ FP+TN+FN by classc; given by a multivariate Bernoulli distribution of
S TP instruments in class;, learned from the training set:
Precision: P = TP FP (5) .
TP P(xle;) = [J #iP(tile;) + (1 —2:)(1 = Ptiley))  (9)
1l: = 6 J A ! tH
Reca R TPLFN (6) iy
. _ 2RP where P(t;|c;) are the class-conditional probabilities of each
F — measure: F = @) A .
R+ P patch,t;, in the instrument map, that can be easily calculated

The figures presented in Table 11l are the results of a 10-fdfy counting the number of occurrences of each instrument in
cross-validation, where 10 sub-experiments were perfdrméhe corresponding class:
using 9/10 of the set for training, keeping 1/10 for testing. 1+ M,
The results presented are the best obtained for each data P(tilcj) = 2+M; (10)

set, including the metadata they were obtained with and the
utilized threshold. where M;; is the number of files in class; containing the

) o instrumentt;, and M; is the total number of songs in class

B. Timbre-based genre classification cj. This equation permits to avoid zero probabilities when a
The timbral information provided byret am di can be previously unseen instrument is found in the test file.

utilized to infer the genre of the music the MIDI file contains A data base of 856 midi files from popular, jazz, and
In fact, there are examples in the literature of using the setademic music has been utilized. Popular music data have
of instrument patch numbers (together with other desariptobeen separated into three sub-genpasp, blues and celtic
to classify MIDI files into music genres [7]. In that work,(mainly Irish jigs and reels). For jazz, three styles have
instrument patch numbers are coded in a vector and a distarfoeen established: pre-bopclass grouping swing, early, and
based method to instrument class vectors is used to clasdfyoadway tunesbop standards, andossanovasas a rep-
Nevertheless, the approach proposed here is a probabilistisentative of latin jazz. Finally, academic music has been
one, in which a MIDI file has a probability of being of acategorized according to historic periottsiroque classicism




and romanticism This data base is available upon request this paperjret anm di has been presented as an open source

the authors. software for descriptive, structural, and technical matad
The input metadata for this application have been eas@traction from standard MIDI files. These metadata are

obtained through the following command (syntax needs t0 By cted from both file properties and track properties.

adapted to the used console language): An illustration of its performance has been presented ad-

metamidi -1 ».md | cut -d";" -f 13,14 dressing two MIR problems through the use of the provided
positions 13 and 14 corresponditstrumentsand percussion metadata: melody track identification and music genre recog
metadata, respectively, in the output line. nition. The good performances obtained show the power of

Tables IV and V show the confusion matrices for the twBetadata automatic extraction tools for organizing, imeigx
experiments performed, respectively, grouping the filethi a_nq accessing music information in the context of multiraedi
three broad music categories (popular, jazz, and acadenfligital libraries.
and in the nine classes described above. Rows are the ground-
truth classes and columns are the system predictions. Beth e
periments were designed following a 10-fold cross valtati
scheme.
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TABLE IV
CONFUSION MATRIX FOR THE THREE GENRE RECOGNITION TASK REFERENCES

[1] A. Barate, G. Haus, and L. A. LudovicdJusic representation of score,

Academic | Jazz | Popular sound, MIDI, structure and metadata all integrated in a singuultilayer
- P environment based on XMLHershey, PA: Idea Group Reference, 2007.
Academic 228 6 1 [2] T.Eerolaand P. Toiviainen, “Mir in matlab: The midi tdaix,” in ISMIR,
Jazz 3 295 40 2004, pp. 22-27. _ ‘ _
Popular 5 16 262 [3] F. Kleedorfer, U. Harr, and B. Krenn, “Making large musiollections

accessible using enhanced metadata and lightweight izatiahs,” in
Proceedings of the 3rd International Conference on Autechdroduc-
o tion of Cross Media Content for Multi-Channel DistributigAXMEDIS
The overall performance for the three-classes classificati '07), Barcelona, Spain, November 2007, pp. 138-144.
was93-2, showing the good performance of timbral metadatal¥ F- Kleedorfer, P. Knees, and T. Pohle, *Oh oh oh whoah!als

. automatic topic detection in song lyrics,” iRroceedings of the 9th
For the nine-classes problem, a much harder one, the overall |nternational Conference on Music Information Retriev&NIR 2008)

classification success wad8 + 5. Note that a by-chance September 2008, pp. 287-292. _ _ _
classifier is expected to achieve 39.5 and 20.8% respective[5] I. Knopke, “The perlhumdrum and perllilypond toolkit®rf symbolic

. ) ’ ! music information retrieval,” inrProceedings of the 2008 International
ForreSpondmg en each case to the most numerous class, so theconference on Music Information Retrieya008, pp. 147-152.
improvements are 53.5 and 47.2%. Also it is important to sef] B. Manjunath, P. Salembier, and T. Sikoratroduction to MPEGT7:
that most of the errors occur now among genres of the same Multimedia Content Description InterfaceWest Sussex, England: John

. . . . Wiley & Sons, 2002.
broad category, like classical and romantic music, or @e-b [7] c. McKay and I. Fujinaga, “Automatic genre classificatiasing large

and bop songs. high-level musical feature sets,” iProc. of the 5th International
Conference on Music Information Retrieval, ISMIR 208@04, pp. 525—

TABLE V 530. . « . c g »

CONFUSION MATRIX FOR THE NINE GENRE RECOGNITION TASK [8] C.Mckay and I. Fujinaga, “jsymbolic: A feature extractor midi files,

in In Int. Computer Music Conf2006, pp. 302-305.
[9] N. Minibayeva and J. W. Dunn, “A digital library data mdder music,”
in Proc. of the Second ACM/IEEE-CS Joint Conference on Digital

bar clas rom| pre bop bos| cel blu pop Libraries, Portland, Oregon, 2002, pp. 154-155.
baroaue | 35 5 16 0 0 0 0 0 0 [10] M. Notess and J. Dunn, “Variations2: improving musicdibility in a
q. digital library through work-centric metadata,” #€DL'04: Proceedings
classic 8 1 41| 0 0 0| o0 0 0 of the 4th ACM/IEEE-CS joint conference on Digital librasie Tucson,
romantic || 12 7 110| O 0 0 0 0 0 AZ: ACM Press, 2004, p. 422.
[11] F. Pachet, “Metadata for music and sounds: The Cuidadgeg,” in
prebop 0 0 0 150 22 6 0 0 0 Proceedings of the CBMI Workshoplniversity of Brescia, september
bop 0 0 0o |78 10 6|0 0 0 2001, pp. 411-415.
bossa 0 0 0 3 1 52 1 0 9 [12] D. Rizo, P. J. P. de Ledn, C. Pérez-Sancho, A. Pertursé J. M. Ifiesta,
- “A pattern recognition approach for melody track selecfiomidi files,”
celtic 0 0 0 2 0 1 9% 0 0 in Proc. of the 7th Int. Symp. on Music Information Retrievalll8
blues 0 0 0 7 1 1 5 62 8 2006 T. A. Dannenberg R., Lemstrém K., Ed., Victoria, Canad20&
pop 0 0 0 1 2 13| 4 7 73 pp. 61-66.

V. CONCLUSION

Metadata are achieving a growing interest in music informa-
tion retrieval applications thanks to the high level infation
they provide. The development of systems for automatically
extract them from digital files is one of the main concerns. In



