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SoundCompass: A Music Retrieval System with Humming

NaokO KoOsuGI,t YASUSHI SAKURAIL,t MASASHI YAMAMUROft
and KAZUHIKO KUSHIMATttt

This paper describes techniques incorporated into SoundCompass, a query-by-humming
system, to enable it to be put to practical use as a karaoke song selection system. Quanti-
tative evaluations of the techniques are also provided. Solutions for variations in hummed
tunes by general users are required to make the system practical. Moreover, improvements
in both the cost of storing a large number of songs in a database and retrieval efficiency are
also required to deal with database size expansion. In this paper, we analyze hummed tunes
which cannot be retrieved by traditional techniques. According to the analysis, a partial
feature vector, an OR retrieval among query keys, and double registration of songs whose
tempo is doubled/halved are proposed to deal with the diversity among hummed tunes. We
also propose a method to reduce database size based on the repetitive structure of songs to
solve the problem of increasing database size as the number of songs stored in the database
becomes larger. The new SoundCompass system achieves 84.2% retrieval accuracy, which is
about 20% more than that of the previous system, for a database that stores over 20,000
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songs, while maintaining the applicable retrieval time required for practical use.
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Table 1 Reasons behind 84 non-retrievable cases.
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Fig.4 Segment of song A. The tempo is 180.
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Fig.5 Segment of song B. The tempo is 90.
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Fig.7 Tempo distribution of hummed parts of songs.
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Fig.8 Tempos of hummed parts of songs and hummings.
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ror and the minimum, maximum and longest-used
tempos of the hummed songs.

gboboobooooooooooooooooooa
goboooobooooboooobono 1000100
1gb0boooooboooboboooouoooooono
ood

4.1.2 O0O0O000O0O0O0COO0OO

gboboooooooobooooboooooboiooo
goooooooooooooobooooooboon
0000 1) 000000 ooouoooooooo



338 goooooooo Jan. 2004

b S
Q
1 L

P | - 8

b7 V.1 T Il |-y o | 11T " - I I I

~ o -2 I | I el r_J ] | 2.3 T 17 1 1T | T T 17T T e | I _Hi

| £anY A 11 & ] T 1 |l | 1 o I 17 1T 1 17 Il 1T 117

:JV x 1 I i I T I i Il 1 l‘ L_ | ‘l-! 1 1T C)! L ui .! '1 1T I.!I
12 3 4 5 6 7 8 s 1011 12 13140 ::7 18 1920 21 2223: )

011 0000000O0000DO0DODOODOOO0O0OODOO0OOOO
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Fig.12 Histogram of the percentage of songs that have
song-pieces which generate the same feature vec-
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Table 3 Example of retrieval results of each hummed
piece.
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Table 4 Final retrieval result based on table 3 results.
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Table 5 Number of vectors whose beginnings are mutu-
ally correspondent to those made from humming
according to each start point.
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Table 6 Correspondence/in-correspondence of the begin-
nings of feature vectors for entire/partial tone
transition feature vector.
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Table 7 Reasons behind 57 cases in Table 1 retrieved in
the fifth rank.
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Fig.15 Retrieval time evaluation where the database

is/is not compacted.

510000000000000000000000
obobooooooooobooooooooooboooo
o0ooooOo1lolGBOOOOS40000000O
oobooobooo0ooooooDOonD 1,858,115
O00o0ooooo0oOoooooo s73%000000
goooocooooooooooobooooobobood
gobooooooooooooooad

6.3 UOOOOCOO

0150021804 00000 250000000
00000000000 0000000Sun Ultra80
O UltraSPARC-II1 450 MHzx20 0O O 4GBO1 00
gbooooobooob s400000000000
goooooooooboooooooooobooo
gooobobooooooooboobooooooooboo
gobooooboooboooooboboooboooo
good

goboooooobooooboooouoooboboo
gooooboboooooooooboooboooobo
2000000000 1000000000000
goooooobooooooooooobooooooon
gbooooooobooobooboo20000000
gooooboboooooooboboooobooo
gooooobooooooboooooboboooo
goooooooooooboboooooboboobooono

7. JOoO0o0OO0OoooooOooooboooboogg

SoundCompass 0 000000000 COOOOO
000000000000000000000000
oooo'!™'®oooo0000000nonooon

00000000000 00000000000
01600 1700 18 00000000000000
000000000000000000000000
000 1600000000000000000 80

SoundCompassd 0000 00000000000 343

Y @Ceshtc

b 9. 9.9 ¢

B oTR.
BHBLHTERHAR

016 00000
Fig.16 Opening screen.

017 000000000
Fig.17 Tempo-adjusting screen.

018 0OO0OO0OO0OO0OOOO0OOO0
Fig. 18 Retrieval result.

0000000000 SoundCompass0 OO OO0
goooooooobooboobooobobooooon
goooodooooooboobooobooobooog
ooooooooooOo “o”0boo0bobooob0oo
gooooooocooooooooo
O1vooo0ooooooooobOo0oo0o0ob0oooaon
goboooooboooooooooooboooobooon
gooooooboobooooooooooooooon
ooboooDO0o0O0o0o00oooooobooooDboon
gooooooboooboobobooooooDbDbDOo



344 goooooooo

019 00000000000

Fig.19 Touch-panel with a receiver.
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