The Wavelet transform

< & s |
4 Review of applications to Music

Information Retrieval
: ti



Contents

= History
F.- Wavelet vs. Fourier
i = Applications
= MIR Applications
‘-_ AN Y B U

- 26 November 2009 Wavelet transform 2

"'.'i.‘._




History
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= First mention in appendix of the thesis of A. Haar (1909)

= Cochlear transform, Zweig (1975)

= Continuous Wavelet Transform (CWT), Grossman and Morlet
(1982) — Geophysics

= Discrete Wavelet Transform (DWT), Stromberg (1983)

= Daubechies' orthogonal wavelets with compact support (1988)

! = Mallat's multiresolution framework (1989)
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Wavelet
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= Wavelet: a wave-like oscillation with an amplitude that starts out at &
Zero, increases, and then decreases back to zero

= Wavelet-theory: wavelet with zero-integral and finite energy

= Wavelet transform: projection on the sub-spaces associated with
each wavelet

!
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DWT VS, DFT and STFT
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s  Multi-resolution transform

frequency

=

s Complexity: O(N) vs O(N log N)
" = Perception-like approach?
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FFT example
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DWT Example

Decomposition atlevel 5:s=a5 +di+dd +d3 + d2 + d1 .
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Wavelet applications
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= Image processing (Medicine, Astronomy,...):
= Compression (JPEG2000), pattern recognition, denoising, edge extraction...
= Speech processing
= Recognition, classification, transient detection

= Geophysics (Earthquake detection)

= Medecine

= Dblood-pressure, heart-rate and ECG analyses, DNA analysis, protein
analysis, patient watching

= Physics
= Molecular dynamics
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Example: Edge Detection
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=

(d
6.7: Edge detection for a pepper image with noise: (a) Pepper image (SNR=10db);
) Edges by the Sobel e detector; (c) Edges by Canny edge detection with adjusted
vaniance; (d) Edges by multi-level edge detection using wavelet

(Li 2003)
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MIR Applications
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= Optical music recognition

= Watermarking
= Feature extraction — Recognition, Classification, Fingerprinting
= Music/Voice discrimination, Source separation

= Segmentation, Transcription

‘

E e o ee b B U e
- 26 November 2009 Wavelet transform 10




Bibliography

L & T, i, EROREERET.
' »  Azizi, A, K. Faez, and A. Delui. 2009. Automatic music transcription based on wavelet transform. In Emerging
Intelligent Computing Technology and Applications, edited by S. Berlin. Heidelberg.

= Baluja, S., and M. Covell. 2006. Content fingerprinting using wavelets. Proceedings of the 3rd European
Conference on Visual Media Production:198--207.

. 2007. Audio fingerprinting: combining computer vision & data stream processing. Proceedings of the
International Conference on Acoustics, Speech, and Signal Processing 2:213--16.

= Bello, J.,, L. Daudet, S. Abdallah, C. Duxbury, M. Davies, and M. Sandler. 2005. A tutorial on onset detection in
music signals. IEEE Transactions on Speech and Audio Processing 13 (5):1035--47.

= Busch, C, E. Rademer, M. Schmucker, and S. Wolthusen. 2000. Concepts for an watermarking technique for music
scores. Proceedings of the International Conference on Visual Computing.

= Cal, R, L. Lu, H. Zhang, and L. Cai. 2004. Improve audio representation by using feature structure patterns.
Proceedings of the International Conference on Acoustics, Speech and Signal Processing 4:345--8.

= Chien, Y., and S. Jeng. 2002. An automatic transcription system with octave detection. Proceedings of the
International Conference on Acoustics, Speech and Signal Processing 2:1865--8.

= Daudet, L. 2001. Transients modeling by pruned wavelet trees. Proceedings of the International Computer Music
Conference:18--21.

= Didiot, E., I. lllina, D. Fohr, and O. Mella. 2010. A wavelet-based parameterization for speech/music
discrimination. Computer Speech and Language 24 (2):341--357.

= Dinh, PQ., C. Dorai, and S. Venkatesh. 2002. Video genre categorization using audio wavelet coefficients.
Proceedings of the 5th Asian Conference on Computer Vision.

Dordevic, V., N. Reljin, and I. Reljin. 2005. Identifying and retrieving of audio sequences
by using wavelet descriptors and neural
network with user’s assistance. Proceedings of the International Conference on Computer as a Tool 1:167--70.

Endelt, L., and A. la Cour-Harbo. 2004. Wavelets for sparse representation of music. Proceedings of the 4th
International Conference on Web Delivering of Music:10--4.

-

E e L e - B U
26 November 2009 : Wavelet transform 11

_'-'r



Bibliography

L = BN TN S
r Evangelista, G. 1993. Pitch Synchronous Wavelet Representations of Speech and Music Signals. IEEE Trans. on
Signal Processing 41 (12):3313-3330.

. 1994. Comb and Multiplexed Wavelet Transforms and Their Applications to Signal Processing. IEEE
Trans. on Signal Processing 42 (2):292-303.

. 2001. Flexible wavelets for music signal processing. Journal of New Music Research 30 (1):13--22.
. 2001. Flexible Wavelets for Music Signal Processing. Journal of New Music Research 30 (1):13-22.

= Evangelista, G., and S. Cavaliere. 1998. Discrete Frequency Warped Wavelets: Theory and Applications. IEEE
Trans. on Signal Processing 46 (4):874-885.

. 1998. Frequency Warped Filter Banks and Wavelet Transform: A Discrete-Time Approach Via Laguerre
Expansions. IEEE Trans. on Signal Processing 46 (10):2638-2650.

. 2005. Event Synchronous Thumbnails: statistical properties. Proceedings of the SMCO05 Sound and Music
Computing and XV CIM (4).

= Evangelista, G., and S.. Cavaliere. 2005. Event Synchronous Wavelet transform approach to the extraction of
Musical Thumbnails. Proceedings of the 8th international Conference on Digital Audio Effects (4):232--36.

= Fitch, J., and W. Shabana. 1999. A wavelet-based pitch detector for musical signals. Proceedings of 2nd Workshop
on Digital Audio Effects:101--4.

= Fu, Y., Z. Ma, and G. Song. 2005. A robust audio watermarking algorithm based on wavelet transform. Journal of
Information and Computational Science 2 (1):7--11.

= George, S. 2004. Visual Perception of Music Notation: On-Line and Off Line Recognition. Hershey, Pennsylvania:
IRM Press.

= Ghias, Asif, Jonathan Logan, David Chamberlin, and Brian C. Smith. 1995. Query by humming: musical
information retrieval in an audio database. Proceedings of the third ACM international conference on

Multimedia:231--236.
E Tl L e - B e
26 November 2009 Wavelet transform 12

i
™, ]
] .




Bibliography

- T, i, "R
' = Grimaldi, M., P. Cunningham, and A. Kokaram. 2002. Discrete wavelet packet transform and ensembles of lazy
and eager learners for music genre classification. Multimedia Systems 11 (5):422--37.

. 2003. A Wavelet Packet representation of audio signals for music genre classification using different
ensemble and feature selection techniques. Proceedings of the 5th ACM SIGMM international workshop on
Multimedia information retrieval.

= Grimaldi, M., A. Kokaram, and P. Cunningham. 2002. Classifying music by genre using the wavelet packet
transform and a round-robin ensemble. Trinity College Dublin, Ireland.

= Hughes, J. 2006. An auditory classifier employing a wavelet neural networkimplemented in a digital design. Master
Thesis, Computer Engineering, Rochester Institute of Technology, Rochester, NY.

= Inoue, H., A. Miyazaki, and T. Katsura. 1999. An image watermarking method based on the wavelet transform.
Proceedings of the IEICE General Conference:1349--69.

= Kapur, A., M. Bening, and G. Tzanetakis. 2004. Query by beat-boxing: Music retrieval for the dj. Proceedings of
the Fifth International Conference on Music Information Retrieval:170--77.

= Khan, K., W. Al-Khatib, and M. Moinuddin. 2004. Automatic classification of speech and music using neural
networks. Proceedings of the 2nd ACM international workshop on Multimedia databases:94--9.

Kim, H., B. Lee, and N. Lee. 2007. Wavelet-based audio watermarking
techniques: robustness and fast synchronization.
Klapuri, A., and M. Davy. 2006. Signal processing methods for music transcription. New York: Springer.

Kobayakawa, M., M. Hoshi, and K. Onishi. 2005. A method for retrieving music data with different bit rates using
MPEG-4 TwinVQ audio compression. Proceedings of the 13th annual ACM international conference on
Multimedia:459--62.

= Kondo, Y., and T. Tanaka. 2008. Automatic music scoring based on wavelet transform. Proceedings of the SICE
Annual Conference:1540--3.

1

E e L e - B U
26 November 2009 : Wavelet transform 13

_'-'r



Bibliography

- T, i, "EROREERET.
r Kosina, K. 2002. Music genre recognition. Diploma Thesis, Medientechnik und -design, Technical College of
Hagenberg, Hagenberg.

= Kronland-Maninet, R. 1988. The wavelet transform for analysis, synthesis, and processing of speech and music
sounds Computer Music Journal 12 (4):11--20.

= Kronland-Maninet, R., I. Morlet, and A. Grossmann. 1987. Analysis of sound patterns through wavelet transforms.
International Journal Pattern Recognition Artif icial Intelligence 1 (2):97--126.

= Kundur, D., and D. Hatzinakos. 1998. Digital watermarking using multiresolution wavelet decomposition.
Proceedings of the International Conference on Acoustics, Speech and Signal Processing 5:2969--72.

= Kwong, M. 2004. Détection de transitoires dans un signal audio. Thése de Doctorat, Génie Electrique et Génie
Informatique, Université de Sherbrooke, Sherbrooke, QC.

= Lambrou, T., P. Kudumakis, R. Speller, M. Sandler, and A. Linney. 1998. Classification of audio signals using
statistical features on time and wavelet transform domains. Proceedings of the International Conference on
Acoustics, Speech and Signal Processing 6:3621--4.

= Lampropoulou, P., A. Lampropoulos, and G. Tsihrintzis. 2008. Musical instrument category discrimination using
wavelet-based source separation In New Directions in Intelligent Interactive Multimedia, edited by S. Berlin.
Heidelberg.

= LI, G, and A. Khokhar. 2000. Content-based indexing and retrieval of audio data using wavelets. Proceedings of
the International Conference on Multimedia and Expo 2:885--8.

. 2000. Content-based indexing and retrieval of audio data using wavelets. IEEE International Conference
on Multimedia and Expo 2:885--8.

= Li, T, Q. Li,S. Zhu, and M. Ogihara. 2002. A survey on wavelet applications in data mining. SIGKDD
Explorations Newsletter 4 (2):49--68.

= Li, T, and M. Ogihara. 2004. Content-based music similarity search and emotion detection. Proceedings of the
1 IEEE International Conference on Acoustics, Speech, and Signal Processing 5:705--8.

. 2006. Toward intelligent music information retrieval. IEEE Transactions on Multimedia 8 (3):564--574.

E e L e - B U
26 November 2009 : Wavelet transform 14

_'-'r



Blbllography

L = - B N TN S
r Li, T., M. Ogihara, and Q. L|. 2003. A comparative study on content-based music genre classification. Proceedings
of the 26th annual international ACM SIGIR conference on Research and development in informaion retrieval:282-
-9.

= Li, W, and X. Xue. 2003. An audio watermarking technique that is robust against random cropping. Computer
Music Journal 27 (4):58--68.

= Lidy, T., and A. Rauber. 2005. Evaluation of feature extractors and psycho-acoustic transformations for music
genre classification. Proceedings of the 6th International Conference on Music Information Retrieval:34--41.

= Lin, C., S. Chen,.T. Truong, and Y. Chang. 2005. Audio classification and categorization based on wavelets and
support vector machine. IEEE Transactions on Speech and Audio Processing 13 (5):644--51.

= Lin, R, and L. Chen. 2005. A new approach for audio classification and segmentation using Gabor wavelets and
Fisher linear discriminator. International Journal of Pattern Recognition and Artificial Intelligence 19 (6):807--22.

= Lippens, S., J. P. Martens, and T. De Mulder. 2004. A comparison of human and automatic musical genre
classification. Proceedings of the IEEE International Conference on Acoustics, Speech, and Signal Processing
4:233--36.

= Liu, Y., Q. Xiang, Y. Wang, and L. Cai. 2009. Cultural style based music classification of audio signals.
Proceedings of the IEEE International Conference on Acoustics, Speech and Signal Processing:57--60.

= Lukasik, E. 2005. Wavelet packets features extraction and selection for discriminating plucked sounds of violins. In
Computer Recognition Systems, edited by S. Berlin. Heidelberg.

= Mallat, S. 1989. A theory for multiresolution signal decomposition: the wavelet representation. IEEE Transactions
on Pattern Analysis and Machine Intelligence 11 (7):674--693.

= Miyamoto, K., H. Kameoka, H. Takeda, T. Nishimoto, and S. Sagayama. 2007. Probabilistic approach to automatic
music transcription from audio signals. Proceedings of the International Conference on Acoustics, Speech and
Signal Processing 2:697--700.

= Moussaoui, R., J. Rouat, and R.  Lefebvre. 2006. Wavelet based independent component analysis for multi-
channel source separation. Proceedings of the International Conference on Acoustics, Speech and Signal
Processing 5.

E e LS Y B e
26 November 2009 : Wavelet transform 15




Bibliography

- T, i, RSN
Moussaoui, R., J. Rouat, and R.  Lefebvre. 2006. Wavelet based independent component analysis for multi-
channel source separation. Proceedings of the International Conference on Acoustics, Speech and Signal
Processing 5.

Ntalampiras, Stavros, and Nikos Fakotakis. 2008. Speech/music discrimination based on discrete wavelet
transform. Proceedings of the 5th Hellenic conference on Artificial Intelligence: Theories, Models and
Applications:205--11.

Paradzinets, A., H. Harb, and L. Chen. 2006. Use of continuous wavelet-like transform in automated music
transcription. Proceedings of the European Signal Processing Conference.

Paradzinets, A., O. Kotov, H. Harb, and L. Chen. 2007. Continuous wavelet-like transform based music similarity
features for intelligent music navigation. In: . International Workshop on Content-Based Multimedia Indexing:165--
72,

Rein, S., and M. Reisslein. 2004. Identifying the classical music composition of an unknown performance with
wavelet dispersion vector and neural nets. Technical Report, Electrical Engineering, Arizona State University.

. 2006. Identifying the classical music composition of an unknown performance with wavelet dispersion
vector and neural nets. Information Sciences 176 (12):1629--55.

Sagayama, S., H. Kameoka, S. Saito, and T. Nishimoto. 2005. ‘Specmurt anasylis' of multi-pitch signals.
Proceedings of the IEEE-Eurasip Workshop on Nonlinear Signal and Image Processing:42--7.

Su, B., and S. Jeng. 2001. Multi-timbre chord classification using wavelet transform and self-organized map neural
networks. Proceedings of the International Conference on Acoustics, Speech, and Signal Processing 5:3377--80.

Subramanya, S., and A. Youssef. 1998. Wavelet-based indexing of audio data in audio/multimedia databases.
Proceedings of MultiMedia Database Management Systems:46--53.

Turnbull, T. 2005. Automatic music annotation. Research Exam, Computer Science, UC San Diego, San Diego,
CA.

Tzanetakis, G. 2002. Manipulation, analysis and retrieval systems for audio signals. PhD Thesis, Computer
Science, Princeton University, Princeton, NJ.

E e L e - B U
26 November 2009 : Wavelet transform 16

_'-'r



‘

Bibliography

E & - T, TN A

Tzanetakis, G., and P. Cook. 2002. Musical genre classification of audio signals. IEEE Transactions on Speech and
Audio Processing 10 (5):293--302.

Tzanetakis, G., A. Ermolinskyi, and P. Cook. 2002. Pitch histograms in audio and symbolic Music Information
Retrieval. Proceedings of the International Society for Music Information Retrieval Conference.

Tzanetakis, G., G. Essl, and P. Cook. 2001. Audio analysis using the discrete wavelet transform. Proceedings of the
Conference in Acoustics and Music Theory Applications.

. 2001. Audio Analysis using the Discrete Wavelet Transform. Proceedings of the Conference in Acoustics
and Music Theory Applications.

Vacher, M., D. Istrate, and J. Serignat. 2004. Sound detection and classification through transient models using
wavelet coefficient trees. Proceedings of the European Signal Processing Conference.

Woéhrmann, R., and L. Solbach. 1995. Preprocessing for the automated transcription of polyphonic music: linking
wavelet theory and auditory filtering. Proceedings of the International Computer Music Conference.

Woojay, J., M. Changxue, and C. Yan. 2009. An efficient signal-matching approach to melody indexing and search
using continuous pitch contours and wavelets. Proceedings of the International Society for Music Information
Retrieval Conference:681--686.

E e KN B U
' 26 November 2009 Wavelet transform 17




77
r
.

Wavelet transform

~ el

e

C
Q
)
=
& O
-
O
O

- 26 November 2009



A

™

-
o

~ el

a

=

L’
Thank you

-h.- \

14

Wavelet transform

»
o
0 F
N
P
5}
o
5
3
Z
©
N
-



References
= LI, J. 2003. A wavelet approach to edge detection. Master Thesis,
(Mathematics), Sam Houston State University, Huntsville, Texas.

‘

= AT R a0
- 26 November 2009 Wavelet transform 20

|

LE W



	The Wavelet transform
	Contents
	History
	Wavelet
	DWT vs. DFT and STFT
	FFT example
	DWT Example
	Wavelet applications
	Example: Edge Detection
	MIR Applications
	Bibliography
	Bibliography
	Bibliography
	Bibliography
	Bibliography
	Bibliography
	Bibliography
	Conclusion
	Thank you
	References

