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Fast Hamming Space Search for Audio
Fingerprinting Systems

KeNJ1 Kitaf! and QiNaMED X1a01!

In music information retrieval, a huge search space has to be explored be-
cause a query audio clip can start at any position of any music in the database,
and also a query is often corrupted by highly significant noise and distortion.
Audio fingerprints have attracted much attention recently in music informa-
tion retrieval, because they provide compact representation of the perceptually
relevant parts of audio signals. In this paper, we propose an extremingly fast
method for exploring a huge hamming space that is suitable for audio finger-
printing systems. The effectiveness of the proposed method has been confirmed
by evaluation experiments using a database of 8,740 songs.
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Fie.1 Schematic diagram of search based on random permutation
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Fig.2 Schematic diagram of search based on query multiplexing
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Fig.3 Schematic diagram of sub-fingerprint sequence search
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Table 1 Results on evaluation data

oo oooo ooo ooo
oo oooo pPvOOOOOOOOOOODOOOOOOO 104 96.2%
go0ooOooooooooooooo
oooo gooo0o0O00O00O0000000000O0 22 100.0%
gooocooooo
ooo gooooOooo0obDOoO0oO0oO0oOoO0ooo 142 83.1%
gooooooo0oooOoOooooooooo
oooooo

uobooooobobooobooobooooboooOoOooOoOoOoO0oOoOboOoOobOboObO10000
4.2 0OO0O0OO0OO
O0000D004,000Hz000000000000O000000O0000O0 1.02400000
0000 00320000000000000 (Hamming window) JO0O0OOOOOFFT
ooooooooobooooobobooobbooOoooboobooo3d3booobooooooonoo
20000000000000000O0O0O0O0O0O0DOOCOODOOOOO 1280000
00000000 0Haitsma 000 Kalker® 000000000000000O000O00
gooobooooooooooooooooobooooboboobooooobooooooooDon
goooobooooooooboooooobooOobo0ooooooooooooboooooooDon
oobooooooooboooooo svdo00boooooyoooooo
4.3 0DO0O0OOOODOO
ogooooobbooboooooooooooooooooobObbbObO0oooooooo
cobo0ooooobOOo0ooobooOobobOO0O0oOoboOoO000nb DELL Precision M65000 O O
O0000000CPU DO Intel Core i7 (1.73GHz) OO 80000000000 4GBOOOO
ocooooooooooooooroooooo o40o06000DOOD0OO0O0O0ODOO
bobodloobooobooboooboooose, 000 ~8,0000000000000O0OO
goooboobooooooboboooooboobooooobooboboooboOooooooOoboOoOoon oo
bobob2b000000000C0O0O0O0OCO0OOODOOOOODODODOCODODODO
gobooooboobooooobooboooooobooooooboob1000bO0000nOn
goo0ltobobooOoboboOooboobobooOooOoOoobOoOoOoDboOobOOoOoobDoboOoOon
goboooboooooil10o000o0ooboc110000b0000b00o0oOoDoooDOoOoDn
10000000 9.8%0000000000 10000000 831%000D00000

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

gooobooobooboooooooobobooo2000oobo0ooooooooDooboDbon
goboooooooooobooooooboooooooooooooooboooobooDo
gbooogbobooboboobooooboboooboobobooobobooobobo
gobooooboooboooooooood

5. O g

oo0ooooo0oooooo0ooo0oooooooooooo0oooooooooo
0000000000000 0000000000000000 Locality-Sensitive Hashing
(LSH) OOoo0ooO0ooOoUOoLSsHOOOOOOOOOoOooOoooooUooOooooooo
O000o00o0o0ooooooooooooooooooooooooooooooo
00000000000 LSHOOOOOOoOoOoooooooooooooooooooo
O00o0000o00oo0o0oo0oo0oOo0oo0ooo0oooooooooooooo
0000000ooOoOo0000000ooOoOOO0o0O0oOo00ooOOooOOoOOoOo0oOOo
000000000000 000o00O000o00o0oO0o0oO0ooooUoooooooooo
000oo0000oO0o0o0o0oo0oOo0oOo0ooO0ooO0oOoO0oOooOooDOoDOOoooDOoD
0000000O0000oO0O000oooOooooooooooo

00 0O0O000O000000000O000O00OO000ODO00ODOODOO0DODOO0ODOOOOD
0000000000000 0000000O0O00000D00D0OoOOO0O00ODOOo
000000 Photonic System Solutions 00 0000000000000 0OCOOOO
gogbobooobboobbbooobbooo

g o 0 0

1) Gracenote: available from (http://www.gracenote.com/)

2) Midomi: available from (http://www.midomi.co.jp/)

3) Jaap Haitsma and Ton Kalker: Highly Robust Audio Fingerprinting System, Pro-
ceedings of the 3rd International Conference on Music Information Retrieval (IS-
MIR 2002), pp.107-115 (2002).

4) Matthew L. Miller, Manuel Acevedo Rodriguez, and Ingemar J. Cox.: Audio Fin-
gerprinting: Nearest Neighbor Search in High Dimensional Binary Spaces, Journal
of VLSI Signal Processing, 41, pp.285-291 (2005).

5) Avery Li-Chun Wang: An Industrial-Strength Audio Search Algorithm, Proceed-
ings of the 4th International Conference on Music Information Retrieval (ISMIR
2003), pp.7-13 (2003).

Vol.2011-MUS-90 No.4
2011/5/13

6) Aristides Gionis, Piotr Indyk, and Rajeev Motwani: Similarity Search in High Di-
mensions via Hashing, 25th International Conference on Very Large Data Bases
(VLDB 1999), (1999).

7) Brian Kulis and Trevor Darrell: Learning to Hash with Binary Reconstructive
Embeddings, Proceedings of the 23rd Annual Conference on Neural Information
Processing Systems (NIPS 2009), pp.1042-1050 (2009).

8) Brian Kulis and Kristen Grauman: Kernelized Locality-Sensitive Hashing for Scal-
able Image Search, Proceedings of the 12th IEEE International Conference on Com-
puter Vision (ICCV 2009), (2009).

9) Dimitrios Fragoulis, George Rousopoulos, Thanasis Panagopoulos, Constantin
Alexiou, and Constantin Papaodysseus: On the Automated Recognition of Seriously
Distorted Musical Recordings, IEEE Transactions on Signal Processing, Vol.49,
No.4, pp.898-908 (2001).

10) Beth Logan: Mel Frequency Cepstral Coefficients for Music Modeling, Proceedings
of the International Symposium on Music Information Retrieval (ISMIR 2000),
(2000).

11) Eric Allamanche et al.: AudiolD: Towards Content-based Identification of Audio
Material, 110th AES Convention, (2001).
available from (http://www.aes.org/e-lib/browse.cfm?elib=10019)

12) Andrei Z. Broder, Moses Charikar, Alan M.Frieze, and Michael Mitzenmacher:
Min-wise Independent Permutations, Proceedings of the 30th Annual ACM Sympo-
sium on Theory of Computing, pp.327-336 (1998).

13) Moses S. Charikar: Similarity Estimation Techniques from Rounding Algorithms,
Proceedings of the 34th Annual ACM Symposium on Theory of Computing, (2002).

14) Mayur Datar, Nicole Immorlica, Piotr Indyk, and Vahab S.Mirrokni: Locality-
Sensitive Hashing Scheme Based on p-Stable Distributions, Proceedings of the 20th
Annual Symposium on Computational Geometry, (2004).

15) Piotr Indyk and Rajeev Motwani: Approximate Nearest Neighbors: Towards Re-
moving the Curse of Dimensionality, Proceedings of the 30th Annual ACM Sympo-
stum on Theory of Computing, (1998).

16) Deepak Ravichandran, Patrick Pantel, and Eduard Hovy: Randomized Algorithms
and NLP: Using Locality Sensitive Hash Functions for High Speed Noun Clustering,
Proceedings of ACL, (2005).

17) Gurmeet Singh Manku, Arvind Jain, and Anish Das Sarma: Detecting Near-
Duplicates for Web Crawling, Proceedings of the 16th international conference on
World Wide Web, pp.141-149, (2007).

18) Udi Manber and Gene Myers: Suffix Arrays: A New Method for On-line String
Searches, SIAM Journal on Computing, Vol.22, No.5, pp.935-948, (1993).

(© 2011 Information Processing Society of Japan



