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Similar Music Retrieval for the Query-by-humming
Using the Earth Mover’s Distance

MASAMI SHISHIBORI,t YASUYO OHNISHI,* SATORU TSUGE!
and KENJT KIiTAtH1

Music retrieval systems are extremely useful for collecting digital music data from on-line
music distribution sites. Especially, there is a great need to develop effective techniques for
content-based music retrieval systems, which can retrieve by humming query. The main issues
in this research is how to decide the similarity of each music features extracted from music
data. In order to calculate the similarity, some conventional methods use Euclid distance or
DP matching, but it is very hard to solve the problem of the vagueness of humming query.
In this paper, we propose a new similar music retrieval method based on humming query
using the Earth Mover’s Distance as the distance measure. Computing the EMD is based on
a solution to the transportation problem, and the EMD is applied as the distance measure on
similar image retrieval systems. In addition, we focus that the time complexity of the EMD
is exponential worst case toward the number of notes, the improved method to decrease the
number of notes in the music feature is also proposed. Experimental results show that the
proposed method can improve the retrieval precision of conventional systems.
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Fig.1 Similar music retrieval systems based on humming
query.
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Fig.4 Example of pitch-transition feature vectors for
different base notes.
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Fig.7 Improvement of music features.

goooooooooooboooooooooooo 7
gobooOoooooooooobooooooobooooo
goboooooooobooooooooboboooo
gboboooooooooooboooooooboooobo
goboooOooooooobobooooooooboonoo
gobooooooooobooooooobooonoo
goboodoobooooobooooobooo2000
goboooooooooooobooooooood
goboooooooooobooobocOoooooboood
gbooooooooo
uboboooooooooooooooOooOooooo
goboooooooooboobooooobooboooo
gboooooboooobooooooooo

5. O O

5.1 0000

000D00000000D000000000J-popd
0000D000D0000000D0000 MIDIOD
000 4830000000000000 MIDIOO
00D0000000000000000000000
0000000000 00000000000000
000000000000000000000000
000000000000 000000000000
000000000000000000D00080D
0010000000000 160000000 40
000 84,554000000000000000000
000000000 8D0000000 1000000
000000000000000000VP-tree?) O
00000000000 0000000000000
00 6000000000000000000000
0 g MIDIDOOODOO 4000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
000000000000 000000000000



306 goooooooo

000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 693000000000000
0000 5000000000000000000
00000000000 D0000000000000
000000000000 D000D000000000
00000000000000000000000 1
000000000000000000000000
000000000°00000000000000
OS O Linux0O CPU O Pentium-4 O 2.4 GHzO O O
00 512MBOOOOO
5.2 0000000000000000000
0000000000000000Y® 000000
000000000000000000000000
000000000000 00000000 8000
000000000000 000D00000D000Dn
000000000000000000000000
00000000000000000%Yo00000
50000 80%00000000000000 400
032000005000000000000000
000000000000000000000000
0000000000000 0000000000
000000 EMDOODOOOOOOOOOOO
000000000000000000000000
0000000000000000000000000
00000000000 D000000000000Dn
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
50000 27%01000000 30%0000000
00000D0000000000000000000
0000000000000 D000D0000000D
3000000000000000
00000000000 000000000000
J000000000OooOoOoOoOo 1000000
0000000000000 10000000000
00000000000000000000000 693
O0OO0OOEMDOOOOOD 1000000000
0000000 161000000000000000
0000000000 10000000000 810

Y 00000000000 000000ooooooonoooo
goooooooooooooooOooOoOO0OO0OO0O0O0O0O0O00
gooo

Jan. 2007

100 g

ERFE(%)

(A
08 DO0OO0O0OOOOOO0OOOOOOOOODOO

Fig.8 Experimental result of retrieval precisions.

01 0000O00O00O0bO00o0ooooooogo
Table 1 Classification of retrieval results by Euclid
distance.

oooo oo | oo (%)
oooooo 20 25.0
0ooooooo | 30 37.5
ooooo 36 45.0
ooooo 47 58.8

gboooooooboosoboooooboooooo
goboooooooooboooooooooooboooo
gobooOoooooooooooocooooobooo
gooooooooon
010000000000D0OO0O0DbOOODOOD
gbooooooobooooo2200000000
goobooooobooooooobooooobooooo
goboooooooooboooboOooooboooooo
gobooooooooooocobooouooooooo
goboooooooobooboooooooOoooooo
016)0000000000oo0ouooooooo
gbobooOoooooooooobooooooooboooo
goooooooooooooboooooooDbooboo
gooooooooooooooooooobonoo
goboooosoooobooOoooboboOonooooD:
goboooooooooboooboooooooood
gbooooobooooooooooobooooooon
gloobooobooocOooooooooooooo
goooobooooooooobooocOoooooboooo
gboooo@moooooocooooooooooo
goboooooooooooooocoooooboooo
goooooooooooooooooooooooo
goooooooobooooooobooooooonoo
goboooooooobooooooobo0og EMD



Vol. 48 No. 1 Earth Mover’s Distance 0000000000000 0OO0OOOO0O 307
100 ©
1 2
Trackl
98 b = — i
et SsEEEE
% [ o i
gw PEERE Moo S XX Xoooe- Xooe - X- oo ;}é > wh— —
5
90
ANINI 7 AaT 4K
88
” —O— Emp Fracke Z&

NEf7
09 00oooooooooobbPOOOOODO
Fig.9 Experimental result of retrieval precisions.
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