
Key estimation Correct Rel. Nei. Oth.
System (%) 62.4 2.9 17.4 17.3
DTBM (%) 57.6 1.6 18.9 21.9

Table 4. DTBM: Direct Template-Based Method. Keys
scores are shown in % and are split among possible errors:
correct keys, relative keys (Rel.), neighbor keys (Nei.) and
others (Oth.). The system performs the highest accuracy in
terms of correct key detected. The number of due to non
related keys is also less important with the system analysis
than with the DTBM.

Harmonic Chord Key Both
Candidate C � � K C K

System (%) 73.1 � � 57.8 74.9 62.4

Table 5. System accuracy considering (chord,key), only
chord and only key as harmonic candidates. The system
performs better in chord and key estimation when taking
into account both information simultaneously.

We note that both key and chord estimation are bet-
ter when the harmonic candidate is the (chord,key) pair.
Chord estimation accuracy drops of almost 2% (74.9 com-
pared to 73.1) and key estimation accuracy drops of almost
5% (62.4 compared to 57.8).

4. CONCLUSION AND FUTURE WORK

This paper presents a new method for chord and local key
estimation where the analysis of chord sequence and key
changes are performed simultaneously. A multi-scale ap-
proach for chroma vectors is proposed, and we show an
increase in accuracy when the chords are selected from dif-
ferent sized chromas. While the key estimation performs
better than a direct template-based method, the chord ac-
curacy shows better results than a state-of-the-art method.

Future work will involve analysis of different chord types,
silence and no-chord detection as well weighing the har-
monic graph of the proposed method in a probabilistic ap-
proach. Applications for MIR using both local key and
chord information are also studied. For example, harmonic
information may be helpful for estimating the musical struc-
ture of pieces since changes of local key generally occur
at the beginning of new patterns. Furthermore, we aim at
investigating the possible improvements induced by a re-
trieval system based on all the harmonic information, com-
pared to existing systems that only consider chord progres-
sions.
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[5] E. Gómez. Tonal Description of Music Audio Sig-
nals. PhD thesis, University Pompeu Fabra, Barcelona,
Spain, July 2006.

[6] C. Harte and M. Sandler. Automatic chord identi�ca-
tion using a quantised chromagram. InProc. of the Au-
dio Engineering Society, Barcelona, Spain, 2005.

[7] C. Harte, M. Sandler, and A. Samer. Symbolic repre-
sentation of musical chords: A proposed syntax for text
annotations. InProc. 4th Int. Conf. on Music Informa-
tion Retrieval (ISMIR), 2005, pages 66–71, 2005.

[8] O. Izmirli. Audio key �nding using low-dimensional
spaces. InProc. of the International Symposium on
Music Information Retrieval (ISMIR), pages 127–132,
Victoria, Canada, 2006.

[9] K. Lee. Automatic chord recognition from audio using
enhanced pitch class pro�le. InProc. of the Interna-
tional Symposium on Music Information Retrieval (IS-
MIR), Victoria, Canada, 2006.

[10] K. Lee and M. Slaney. Acoustic chord transcription
and key extraction from audio using key-dependent
HMMs trained on synthesized audio.IEEE Trans. on
Audio, Speech and Language Processing, 16(2):291–
301, 2008.

[11] F. Lerdahl.Tonal Pitch Space. Oxford University Press,
2001.

[12] M. Mauch and S. Dixon. Simultaneous estimation of
chords and musical context from audio.IEEE Trans.
on Audio, Speech and Language Processing, 2010.

[13] K. Noland and M. Sandler. Key estimation using a hid-
den markov model. InProc. of the International Sym-
posium on Music Information Retrieval (ISMIR), pages
121–126, Victoria, Canada, 2006.

[14] L. Oudre, Y. Grenier, and C. Févotte. Template-based
chord recognition : in�uence of the chord types. In
Proc. of the International Symposium on Music In-
formation Retrieval (ISMIR), pages 153–158, Kobe,
Japan, 2009.

[15] H. Papadopoulos and G. Peeters. Large-scale study
of chord estimation algorithms based on chroma rep-
resentation and HMM. InProc. of the International
Workshop on Content-Based Multimedia Indexing,
pages 53–60, Bordeaux, France, 2007.

[16] M.P. Ryyn̈anen and A.P. Klapuri. Automatic transcrip-
tion of melody, bass line, and chords in polyphonic mu-
sic.Computer Music Journal, 32(3):72–86, 2008.

[17] A. Sheh and D.P.W. Ellis. Chord segmentation and
recognition using EM-trained hidden Markov models.
In Proc. of the International Symposium on Music In-
formation Retrieval (ISMIR), pages 185–191, Balti-
more, MD, 2003.

[18] D. Temperley.The Cognition of Basic Musical Struc-
tures. The MIT Press, 1999.

146

11th International Society for Music Information Retrieval Conference (ISMIR 2010)




