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ABSTRACT

Thisdocumenbrie y describesnapproacHor audiokey

estimationbasedn the extractionof a vectorof features,
the HarmonicPitch ClassPro le, andthe adaptatiorof a

tonal modelto thesefeatures.The algorithmis evaluated
in the context of the2005ISMIR Contest.

1 Algorithm description

A diagramof thealgorithmis shavn in Figurel. We rst
extracta vectorof low-level featuresfrom the audiosig-
nal, which arerelatedto its pitch classdistribution. These
featuresareaveragedoveragivenseggmentandcompared
to atonalmodelin orderto nd thekey of the piece. We
referto Gomez(2004a,b);GémezandHerrera(2004)for
adetaileddescriptionof thealgorithm.

Figurel: Block diagramfor Key Estimation

1.1 Feature Extraction

The featureusedin this algorithmis the HarmonicPitch
ClassPro le (HPCP),measuringhe relative intensity of
eachpitch classfor ananalysiframe. Theextractionpro-
cedureis shovn in Figure2.

Thesignalis rst pre-processedsingDFT, frequeny
Itering (100 5000HZz)andspectrapeakiocation.Then,
the tuning frequengy is estimatedby analyzingthe fre-
gueng deviation of thelocatedspectralpeaks.The map-
ping betweerfrequeng andpitch classvaluesis madeus-
ing a logarithmicfunction with respectto the computed

referencdrequeny. HPCPis thende ned as:

Figure2: Block diagramfor HPCPcomputation

HPCP(n) = P i“P ek \w(n; ) a?
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wherea; andf; arethe spectralmagnitudeand fre-
queng of thei-th peak size = 36andw(n; f;) represents
awindow function having a % semitoneswidth andcen-
teredin f;. In thepost-processingtep,theHPCPvectoris
normalizedn orderto make it independentn dynamics.

A global HPCP vector is computedby averaging
the instantaneousalues. Two differentversionsof the
algorithm were provided, consideringthe whole signal
(global) or only the rst 15 second®f it (starf).

1.2 Tonality model

Thisapproachs basednusingthetonepro les proposed
by Temperlg (1999)Tyy andT m. We adapthesepro les



to dealwith polyphonicaudio. First, we considerthe si-
multaneougpresencef severalnotesof achord. Second,
we considethesimultaneoupresencef severalharmon-
ics of eachnote.
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Thecoefcients  (i;j) and n(i; j) arechoserfol-
lowing two rules: rst, the sameweightis givento the
notesof the threemain triads of a key (tonic, dominant
and subdominat);second,the weight for the harmonics
decreaséollowing anexponentiafunction.

Thesepro les are nally interpolatedin orderto ob-
tain 36 valuesandcorrelationis the distancemeasurem-
ployedto compargemplateso HPCP

2 Evaluation results

Dataset:1:252 audio les synthesizedrom MIDI Note,
two databasesinampsynthesizedudio(w) andTimid-
ity with Fusion soundfontssynthesizedaudio (t). The
compositescoreis calculatedby averagingthe Winamp
andTimidity scoresResultsarepresentedn Tablel.

Rank 3 4
Method start global
Compositeéd Score 86.05% | 85.90%
Total Score w | 1081.9 | 1076.1

t | 1072.9 | 1073.8
% Score w | 86.4% | 86.0%

t | 85.7% | 85.8%
Correctkeys w | 1048 1019

t | 1034 1015
Perfectsth Errors w | 35 69

t | 44 73
Relatve Ma- | w | 38 62
jor/Minor Errors

t | 43 59
ParallelMajor/Minor | w | 25 20
Errors

t |20 23
OtherErrors w | 106 82

t | 111 82
Runtime(s) w | 1560 2041

t | 1531 1971
Machine BO BO

Table 1: Evaluationresultsof the methodfor the ISMIR
2005Contest

3 Systemrequirements

Format: statically linked binary. Format:
JUPFAudioKeyContest-statitnput.wavoutput.txt

Input: in.wav. Audio le: wav format,signed16 bit
Little Endian,Rate44100Hz, Mono.

Output: out.txt Text le (estimatedckey). Default
value:in.wav-UPFkey.txt

Computation time:

— For thetrainingset(96 les, 30 second®ach).

— Time of processing: real: 9m7.768s, user:
6m49.170ssys:0m56.140s.

Computer features LINUX (debiansage), In-
tel(R) Pentium(R}4 CPU2.00GHz,cachesize: 512
KB.

References

Emilia Gomez.Tonaldescriptionof polyphonicaudiofor
musiccontentprocessingJournal on Computing Spe-
cial Clusteron Computatiorin Music, accepted2004a.

Emilia Gbmez.Tonaldescriptionof polyphonicaudiofor
musiccontentprocessing.ln Audio EngineeringSoci-
etyconfeenceon metadataMarch2004b.

Emilia GémezandPerfectdHerrera Estimatingthetonal-
ity of polyphonicaudio les: cognitive versusmachine
learningmodellingstrateies. In InternationalConfer
enceon MusicInformationRetriesal, October2004.

David Temperlg. What's key for key? the krumhansl-
schmucklekey nding algorithmreconsideredMusic
Perception 17(1):65-1001999.



