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ABSTRACT

Thisdocumentbrie�y describesanapproachfor audiokey
estimationbasedon theextractionof a vectorof features,
theHarmonicPitchClassPro�le, andtheadaptationof a
tonalmodelto thesefeatures.Thealgorithmis evaluated
in thecontext of the2005ISMIR Contest.

1 Algorithm description

A diagramof thealgorithmis shown in Figure1. We �rst
extract a vectorof low-level featuresfrom the audiosig-
nal,whicharerelatedto its pitchclassdistribution. These
featuresareaveragedoveragivensegmentandcompared
to a tonalmodelin orderto �nd thekey of thepiece.We
referto Gómez(2004a,b);GómezandHerrera(2004)for
a detaileddescriptionof thealgorithm.

Figure1: Block diagramfor Key Estimation

1.1 FeatureExtraction

The featureusedin this algorithmis theHarmonicPitch
ClassPro�le (HPCP),measuringthe relative intensityof
eachpitchclassfor ananalysisframe.Theextractionpro-
cedureis shown in Figure2.

Thesignalis �rst pre-processedusingDFT, frequency
�ltering (100� 5000Hz) andspectralpeaklocation.Then,
the tuning frequency is estimatedby analyzingthe fre-
quency deviation of thelocatedspectralpeaks.Themap-
pingbetweenfrequency andpitchclassvaluesis madeus-
ing a logarithmic function with respectto the computed
referencefrequency. HPCPis thende�ned as:

Figure2: Block diagramfor HPCPcomputation

H PCP(n) =
P nP eak s
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i
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(1)

whereai and f i are the spectralmagnitudeand fre-
quency of thei-th peak,size = 36andw(n; f i ) represents
a window function having a 4

3 semitoneswidth andcen-
teredin f i . In thepost-processingstep,theHPCPvectoris
normalizedin orderto make it independentondynamics.

A global HPCP vector is computedby averaging
the instantaneousvalues. Two different versionsof the
algorithm were provided, consideringthe whole signal
(global) or only the�rst 15secondsof it (start).

1.2 Tonality model

Thisapproachis basedonusingthetonepro�les proposed
byTemperley (1999)TM andTm. Weadaptthesepro�les



to dealwith polyphonicaudio. First, we considerthesi-
multaneouspresenceof severalnotesof a chord.Second,
weconsiderthesimultaneouspresenceof severalharmon-
icsof eachnote.

TM p(i ) =
12X

j =1

� M (i; j ) � TM (j ) i = 1:::12 (2)

Tmp (i ) =
12X

j =1

� m (i; j ) � Tm (j ) i = 1:::12 (3)

Thecoef�cients � M (i; j ) and� m (i; j ) arechosenfol-
lowing two rules: �rst, the sameweight is given to the
notesof the threemain triadsof a key (tonic, dominant
and subdominat);second,the weight for the harmonics
decreasefollowing anexponentialfunction.

Thesepro�les are�nally interpolatedin order to ob-
tain36valuesandcorrelationis thedistancemeasureem-
ployedto comparetemplatesto HPCP.

2 Evaluation results

Dataset:1:252 audio �les synthesizedfrom MIDI Note,
two databases:Winampsynthesizedaudio(w) andTimid-
ity with Fusion soundfontssynthesizedaudio (t). The
compositescoreis calculatedby averagingthe Winamp
andTimidity scores.Resultsarepresentedin Table1.

Rank 3 4
Method start global
Composite% 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
Perfect5thErrors w 35 69

t 44 73
Relative Ma-
jor/Minor Errors

w 38 62

t 43 59
ParallelMajor/Minor
Errors

w 25 20

t 20 23
OtherErrors w 106 82

t 111 82
Runtime(s) w 1560 2041

t 1531 1971
Machine B0 B0

Table1: Evaluationresultsof themethodfor the ISMIR
2005Contest

3 Systemrequirements

� Format: statically linked binary. Format:
./UPFAudioKeyContest-staticinput.wavoutput.txt

� Input : in.wav. Audio �le: wav format,signed16bit
Little Endian,Rate44100Hz, Mono.

� Output : out.txt. Text �le (estimatedkey). Default
value:in.wav-UPFKey.txt

� Computation time:

– For thetrainingset(96 �les, 30secondseach).
– Time of processing: real: 9m7.768s, user:

6m49.170s,sys:0m56.140s.

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