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A Comparative Analysis of Content-based Music Retrieval Systems
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ABSTRACT

This study compared and analyzed 15 CBMR (Content-based Music Retrieval) systems
accessible on the web in terms of DB size and type, query type, access point, input and
output type, and search functions, with reviewing features of music information and
techniques used for transforming or transcribing of music sources, extracting and
segmenting melodies, extracting and indexing features of music, and matching algorithms
for CBMR systems. Application of text information retrieval techniques such as inverted
indexing, N-gram indexing, Boolean search, truncation, keyword and phrase search,
normalization, filtering, browsing, exact matching, similarity measure using edit distance,
sorting, etc. to enhancing the CBMR; effort for increasing DB size and usability; and
problems in extracting melodies, deleting stop notes in queries, and using solfege as pitch
information were found as the results of analysis.
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QBE(query by example), QBH(query by
humming/sing), QBP(query by playing), QBN
(query by music notation), QBC(query by
contour) AX FOZ vhdth

Ghias, Logan, Chamberlin, Smith(1995) ]l
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T2 ot (score) Y, Midiet ABC
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sz mddch

otH = AR owA] BU= A70E F,

&}k H {12} (Optical Music Recognition) 7]
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£ AREske] MusicXML #A1u Midi, ABC 3
U= Hslelo] AEZAE HAAFETHGE D9
Peachnote, Musipedia, Tunepal).

MusicXML2 #X], ¥kz}, 24, 2, ke
o] BE SYHEE 383 nfay A=,

o]rl

S B2 7K Midi 2 H3kel=
o 223 24 ¥l o] Midivk ABC

oY E o] 7hgsith (17 1) Gabriel
Fauré®] “Aprés un réve” 9] A 4vjt] JHE
MusicXMLZ T3t of o]}, ©@d o] AJet s}
E9} ol ¥ 9LE, Andantino, pp, dolce
oF 22 "lx, Adote] 7ARA] A ETh

<part id="P1">
<measure number="1">
<attributes>
<divisions>24</divisions>
<key>
<fifths>—3</fifths>
<mode>minor</mode> </key>
<time>
<beats>3</beats>

<clef>
<sign>G</sign>
<line>2</line> </clef>

<direction—type>

<sound tempo="60"/> </direction>
<note>
<&Zo|>72</duration>

<part id="P2">
<measure number="1">

<note>
<pitch>
<step>C</step>
<octave>4</octave> </pitch>
<duration>1</duration>
<voice>1</voice>
<type>eighth</type>
<stem default—y="3">up</stem>
<staff>1</staff>

—— ol e -

<beat—type>4</beat—type> </time>

a Andantino dalce e 3 N —
s !
(5 RS EE S Sk b 55 s i - ———
- Aaaad hitaddd PP EP I VPP
( }19;9; F
E_ 3

</attributes>
<direction directive="yes" placement="above">

<words default—y="15" font—weight="bold">Andantino</words> </direction—type>

<voice>1</voice> </note> </measure>

<beam number="1">begin</beam> </note>

gl 1) Midimtd 2 #Hag 28 MusicxML 22 of
http://www.makemusic.com/musicxml/tutorial/how-music-looks-vs-how-music-sounds
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Midi(Music Instrument Digital Interface)
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ol AN FHA F5d gol Al
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({3 1>¢] Musipedia: Rho, Han, Hwang, &
Kim, 2008).
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ABC #}4-& 598 ABC 71X (notation) =
F3k JAolrt (19 2)= JC's ABC Tune
FinderolX @2t CCGGAAGE B45le] 7
A0&t Alphabet song(Twinkle twinkle little
stars2E 4EA ) S dHe ABC 71&
2 293 dojut AT FE 3ol W
sh= el 7R £380] 7Fssl] witel 2
o8} ofR 7S FAlo A sty
B (multi-modal) AlZ~®lell 4] ARSETH Arifi,
Clausen, Kurth, & Muller, 2003; Turetsky &
Ellis, 2003).

ABC2MIDI, MIDI2ZABC, ScoreZmidi, AbcZxml
S3 2L s/wE AHEske] ofE ek Midi, ABC
7 Alololl= Ao Wgke] 7hsstr] wiEel,
(& 1)°1A Shazam< A|<|s tjF-E] A~
H2 4= dlolel e 23} Adglol Al
2 AHZ AEEA IEE ARSg)

Alphabet Song
(Twinkle, Twinkle Littla 51ar)

T:Alphabet Song
T:(Twinkle, Twinkle Little Star)
C:Traditional Kid's Song

A= Trafitiona Kid's Song
. 0 ) o o 0 A o
n Bt D E F G I I K L MNOP
s o D A e o A
@ R 89 am T U U  Wiw -tk w ad ¥ Y Z
g o [+ o G a +]
New Ive sid my A B Cs  Tdl me what you think of mw.
X1

['D'D D A AlI'G"B B "D"A2|'G"G G "'D'F F|"A"E/2E/2E/2E/2 "D"D2|

'G'"G GI'D'F F "A"E2]|

M:4/4
L:1/4
Q:1/4=100K:D
w: ABCD EF G H I
A A '"G'"G FI'"D'F F "A"E2|"D'A A
Sand TU \

w:Q R ~(dou ble u) and XY Z
'D'D DA A|I'G'B B "D'A2|'G'G G "D'"F F|'A"E E 'D"'D2|
wi N

ow I've said my A B C's. Tell me what you think of me.

J K L MNO P

<3E 2> ABC
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< As ATt FAAE AlAEol A ARE A =7 (interval) = 1/ E + X Aol&
EZAE 89kt Zlolt), A9 fshs WY 25 158, B F(+) ()& x¥3)
3} &70|2 FFsK= b, X0 L2071 + exact interval®, A& 7](key) < 7%}
E3FsE HhHo] itk 9] zpol& VEMI= key relative, & ol B3l

A e =] 2 A= solfege, ABC, Hell 2= &2 A7t T 2y LA
Midi #eA ARE-== A (absolute) T3, U(p) D(own) R(epeat)® Zds= v
A IAE 127019 $OE =43 directed (Parsons) &, =1L $k2-2] 20]7F YAIA|H
modulo-12 value 522 YeRAth Hundrum A3 ZL7HA] E83k= uUdDr( Themefinder)
ern SIS Z=7F LEME do= C4, 3 S0 = ¥H3} Absolute pitch2.t} interval
SEHE £ dow C5, $F SEHE W2 doe= C3 = 77 e 2o ANk RS 2,
o} o] SEfHE FHsItE ABC =+ T+ BEs I RS YA E s
SEE dov WA CE, 3 SEE H2 dove v &3tk

e ————= ===
solfege ti ti do =0 mi la =0 DoDoSo30
cdefgab b b c g e a g SID, Farfait Ok
3 ABC 7|1E E E T4 c G e A G AEBC
BZ B2 C3d G2 E3 AZ (G2 Melodycatcher
Humdrum E4 E4d Ch G4 EB Ad G4 Parfait Cle
abzolute 71 71 72 67 ] 69 67
dir modulo-12 11 11 +0 ) +4 -9 -7
< | exact interval 59 ] +1 -5 3 -7 -2 peachnote
3 | key relative 11 11 0 7 4 +] 7
& | THEA R U D U D D myMoozle
£l g u D U D d Themefinder/RC
- | absolute 4 4 4 4 4 2 2 8
o |sLE E E E E S E L
:‘] L710] 7ol o 0 0 0 2 0 8
2720 H& 1 1 1 1 1/2 1 4
o ABC 7|1® B/4 B/f4 14 /4 Gf4 e/8 AJE G/2 ABC
x| BE B ¢ G e/2 A/2 G2 JI7UBEEY O
:;:_1 b4 b4 rd ¢4 g4 e83 a8 g2 Musipedia
o C-Brahms 4B4 4B4 C4 4G4 BES 4A3 4G2

(A8 3) mXet SZLOIE AF2E SUTE =3
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) 4()) 8( ) )9k o] Aozt
2 ] 7o)} v w3te] S(horter)
L(onger) E qual) To R(epeat)EE A&}

\=Me]
LJJ_‘I‘4LDIJL_‘JE"

)—8—

MY 2/49A} T —E-——%Eﬂ 71o]
D2 3F 48a3E soe G, 853 las A/2,
25534 so= G222 wEsi)

QBHelIA Aig1zpdel] gt %7k tiAl= 9]
|9} Al7Htemporal) AHEE A ARESI= A
| 22 A2 BuErk f2Hcontour) Bt
+ &4(interval) o], F401E T AH&s=
Z1o](McNab, Smith, Bainbridge, & Witten,
1997), F =329 9] el [0] ves
A AH8= Ao)(Kline & Glinert, 2003), 3]
S} 101 Hl&5 3P ARg3k= Zlo] et
(Dannenberg, Birmingham, Hu, Meek, Pardo,
& Tzanetakis, 2007). T2 JEE Yepll=
Absolute pitch®k;, absolute interval, key relative,
= FE ZOME key relativert 7P £,
BEA e P U ASE Blom, 54
o]F T AREsk= Zlo] TR ARgsh= AT
<7311t Hanna, Ferraro, & Robine, 2007).

(
).

3.3 2rC|2 TmHHOo|lM MIXHE =&

WAV, PCM, MP3 &3 & Q]9 3
AEE2E W3ko] 4] 27 wjFol, Shazam
I 2 AI2ELE A Qg i) AR Midi
TS g E AEFAE A8y, QBHY
QBEZ &0l 2T Hejg titeg oy

L o] Wy Wwr Fe B FF AET
Aze] Wet 55 AFeSTh(E 1) #2).
WAV, PCM, MP3¢} & 2t]Q st
A AZ8 (sampling) & &3 AEAQA 4e
155 o]2HAQl Hloly go g Wsket 5
AR 53] A% Aoy oT] Q. A
Uy AH, S AEEA JH 58 FE3
A& A 2= Loudness, Pitch, Tone(brig-
htness and bandwidth), Mel-filtered Cepstral
Coefficients(MFCCs), Derivatives 5| A&
HATH Wold, Keislar, & Wheaton, 1996).
QT PAZAYL tpfst WEe] Al
SIeKEi 73], 2006: Cano, Batlle, Kalker,
& Haitsma, 2005). Shazam®] JAHIZAE=
AlZb-Fa 29 ERlo| A ZFE (intensity) 7F
=2 peak intensity ¢ T3 YERITE 10
Z & B AN peak®] F3(Hz) &
EPATH Wang, 2003). Al 714 IAZHE S
grlelk Aol A Baluja el WHol 71 4735
vhA g JAIQlo] Ao A4E(15%)
A7} 575 tH Chandrasekhar, Sharifi, &
Ross, 2011). %"—’1011*1 BARE 332351 FA
BollA s{d s FA=Z
ﬂ"/]‘& Ae]) 2 At
(Bandera, Barbancho,
Tardén, Sammartino, & Barbancho, 2011: Chew,
Georgiou, & Narayanan, 2008).
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= oA IRV 27, sA0e 22 4
B RS FEs] A e EE ZCR
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(David, 2003: Wan & Liu, 2006), FFT (fast
Fourier transformation) ¢} 722 F=3k 7|4t
HH  HMM (hidden Markov model) 2 7+
SErd Fo| ARETHE D FX).
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AWK Tripathy, Chhaatre, Surendranath, &
Kalsi, 2009), 2t12+2 w3 (note) 2 XA}
(Sheh & Ellis, 2003), ZE 1A(Chen, Shen,
Srinivasamurthy, & Chordia, 2012: Cheng,
Yang, Lin, Liao, & Chen, 2008) &} 7] 52(Lee
& Slaney, 2008: Papadopoulos & Tzanetakis,
2012) Fol= F2 de= EAith
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Downie, 1999 Doraisamy & Ruger, 2002: Roger,
Dannenberg, & Hu, 2004: Viro, 2011: Wang,
Li, & Shi, 2006).
OT)O AoE Halal= uPHO B A7k
7|0 2 o £ 10ms ZedolvHMIT S}
UMich A125) 20ms 22U (Meldex, Tunepal) 2
72 @92 B5AY, N-gram(Peachnote),
HMM (Chew, Georgiou, & Narayanan, 2008)
e ARt FEITH(E 1) ).
g0l e Eol7] fal A FALH
HolE Azt & 5 Aok Afske w719 4
olE A= ALE, v meter) oF LA
AlZHontime) ™+ B+tst7t ek €= 7]8k
|15 S0 3/489A}e] Foll&= B 59 Aol
£ otal 4/49A} Foll= 35 Fate] F
715 A A4Sk Aotk WAL
o

2 £2](split)

3Fx+=(union) Aot C-Brahms$} Meldex,
Tunepal& 4o)E split®, SMILES I|x]2}
Zolg AtslstArH(E 1) Fx).

3.5 Oj&lgHH

T2 ARITYE R FE5E AETAh PAZ
Y YH= AR wiHo] &3tk T
2 79} 9% A0l (Themefinder), 2|9}
g5l 3 N-gram 749l (Peachnote), %
AZHE 7A(Shazam) 5ol LA 74
o] AHFHATH(E 1) =)

IR

tHMcNab, Smith, Witten, & Cunningham,
19%). A QBHONE Feet de] HEs
Vet YA HTRE Tt YA (approximate
matching) 7'"jo] AREHTE FEUR] 7Moo R
+ LCS(Longest common subsequence), 3
A2 (Editing distanace), EMD(Earth Mover's
Distance), 715F8F(Geometric) 719, LS(linear
scaling), DTW (dynamic time warping) 5°]
O]

LCSE Zejet A3l F FAg A dA]a}
= BA £08 Yok A0, Ghias 5
(1995) 2= sl ARE-3HT

AJAYE 2o TAES ARl ] F2¢
2 Wdksl=t] Bash Aaske] AYAH A
A, F7Y 1A Q) £ FAEES Ale vt
&2 FrGof| thafl (( 1)) Musipedia, MIT,
UMich A28, Tripathy et al., 2009), &gl
3l (Lemstrom & Pienimaki, 2007) HZ A
7F AREEIRLS, FR| 9 FA0lE ZF e Thekst
AETA JHE e 2 N-gram, Geometric
3} ¥ 7k e Hanna, Ferraro, & Robine,
2007).

Musipedia®l|4] A8 EMD+= AjQleh9] 2
28w A2y dolE 3X ¢} time(rhythm)
UeR = 22k 9] F7bell A A (point) EE
Este] Zeoje} AlQlE M&e] AE Alltst
Q712 )5 (tapping) AolE 23H)
oA B 0] 9Xe $Ys Ao 1
YK Typke, 2007). C-Brahms:= tH&<t A
Aol AR 7181eH4 siRn) ] daElEss Th
1513 2 (Lemstrom & Tarhio, 2003), H- A
29} ¥ H7 I TH Lemstrom & Pienimaki,
2007). FAKE 7o) AMEE G2 wEI7t

! 01~J o = <

o

P




et al, 2007). LS} DTWE &7 AH&-ste] A
TS A A1 S E A tH(Nam, Park,
Park, Lee, & Kim, 2012).

H A

4. N2 AR BA Y
£ AFellA A tide] | AIRES 2012
d 12¢¥ Google| A content-based music®]
1}, melody, song, tune, humming, notedl o
3} search (= retrieval) o] #3F | 2 g4
ao] ol B4 7153 Ao} Axdo g
A=Ak (R Dol AViE A2 5 v
testbed AIZERE 97 717k0] Ak - hollA] AL
2157, C-BrahmsE QUE{|o]29] &2 715
Sht Aol =#] kot A9 =Urk. ABC Tune
finderxd & B4lzlo] Mz ThE Ale]Ed]
A Q= AR SRR EAZY, Song
Tapper (http://www.bored.com/songtapper)
A YET 7| HER HYshs T AlLER

AL H Ak, APtEE ofE2 ZFATIA] &AL

=
oo
N
rD:
dlo
O
2
)
=
~

229 ] Wi

Al 33

M

PC/INF Az 02 o)A F2 7F5d A2
9o AsAT 2 15709 B

o] A=A,

l-'_l
2
2
S~
o
A,
M
1%
i
rlo
X
o
re
-
il
— OHH
ol
&

it
i
N
olr
M
v
U
o,
o
vl
=
o
[
oX
N

= o TAEHAT

A= DB o= whet Alphabet
song, Yesterday, Three blind mice, Auld lang
syne, %871 A Fo] AR-EIRUAITE Alphabet
song®] A 3rtt]E Mozart @] Variations in C
on theme: Ah, Vous Dirai-Je, Maman, K 265
o] A& FYstEE A= IAlgle] S of
HAMME A4 02 AMEJE (O™ 4)
o9} o] o] =2 & kel Zel(duration)
7F o277 gzl F40] Aefsht $dA] o
5 WAsk=tl vl e #nt opet
Alphabet song= 7l(key) ¥3F 749 oHE

glsk= wle F-&3k

Alphabet Song (Twinkle, Twinkle Little Star)

[ 1)

- - i b

P e P — Y

[ " — . el -

L - — . i [ 3 3 3 a3 1

¥ - ’ . 5 o o
Mozart, Wolfgang Amadeus: Variationen fur Klavier in € KV 265

Sxr et TP TE DI 2y A

(a2l 4> Alphabet songX} Mozart IOt HFEZ



34 BEAIA A30d A3= 2013

(EFE 2> 157§ CBMR A|AEI0)| CHEH 2AME

ABC tune| DoDo |Folktune Melody . . L
finder SoSo | finder Kooplet Meldex Catcher Midomi Musipedia
9] | AHE pdf xml xml
g | ereud U U
= | A2 olg abc abc midi midi abc
it *
o} | beginning # * e s *
91 | anywhere 169 * * * * Rl
g | rlolazE * * 102 *
sAECEL 9474 | 5 * * 5-7% 58
Ly
—_-;L_ HXE FT ud O SN
A +Ze] * *
@ : KR =
I |interval A (+EE) U
; contour ud Tl—- FA+EE) udr
rhythm * 4 2
7| €
Al
+70] A+tst *
o7/ & dT BAl to]”
7(key) W3 A4 * c * * * * * *
A3t/ DE H /refine 7]/
Bake-= o]
o) | YA * * *
ic] _\:rl_ ‘E‘ oé] ~] £ * £ £ £ %
W EFE o] BT 5
3| 2L 3 midi midi */p wav,midiaiff | midi/p video YouTube® 3
i oIH (pF-&) pdf ps,gif * *xml pdf/p
2 |FE b} abe,txt abc =
stojElolE A A
7lE E8HE
x%ﬁl/ﬂl 710].
ek e | U ;‘jd % ;EL U
HAEY abc ore. Midi
DB 200 o] 4=} | 201, 467 9304112, 200%F =, a4
€] . T T = Iy
dbezeld | mel | me w | TSGR | 6000088 | T ne g
Midi
DECECEECH I ET =0 B e
B ez e T | byl | megz) | A T




W87 Soba A AlzEle] HlaL #4435
myMoozle | Parfait ole| Peachnote SID Themefinder Tunebot Tunepal
) e * pdf xml
ERReA=ER sid
Z | yEyolE U midi abc
tHdSot * * *
o} | beginning * *
#1 | anywhere * 151% * =y * *
| nlo]a2E 10% 12%
A org 2y
=
T |92E FE udr 4-32% 45 * 15e<
X +70] *
o]
B linterval * *
<+
- | contour udr *
=
rhythm * * *
=S A= 7], ¥zt
A sk gtst 71
7o) A+tst *
o7/ & d e gAY A7 4) A(*) A7)
7)(key) W3 24 * * * * A4 *
¥ g /refine LA
Bake-=
o | YA * * * * *
GRS SR
ﬁ vl elEl o] Elonly *
;r e sl midi midi/p midi/p midi midi
% | dH(p:iE) D p page gif/p ¥
?j T 39 abc
NEITSSTE
stojElolE A
7et 2EE HE/de
e 237} ) oy | AHEHA)
L
CEED
DB oz =) Aok motet19000 e _20Z A
116,632 _Ié 6000438 6500052 4] <} SIDZAA | Ze2theme 3000 ]EH 20-30= —|°\_.
464,820 & B 160%page 210000 1100089} | 2313741&
) motet (37, .
g v e} o EREAY 2347}, 23 o;;;} 3
ne(s, e | T




36 BEAIA] A30d A3= 2013

‘—E.” o Huﬂo]-ﬂ] b gl 7;4\3 U(nknown)
o2 g AlzH )
o] wE A" ] f3
459tk ALSCAL(M)S A
FFUUN Ag] S FA=EATHA
) 1, WA= 0).

o
=

E
&
T

ofl 1o
Mo o
By
i

dn oft Mr

o

SPE
Q‘L
2
o
A

okl
rht

5. A3 24

5.1 CIO|E{H|0]|A

ZAHFE CBMR A" 24A) 538 5o
DBE W/do= Mlste] gAlS AlgstA,
011 EMHO} ;qa% g]\ﬂ ELE—“A:]O]L]— A}O]E
7O 2 AT fAEIAL ok L &
E HArTE AEHoE EAI6H

oHE YO E DBE 153 Meldext
Musicpedia, Peachnote, Themefinder= ¢tE
£ XMLelu Midi #2422 #gkah, Tunepal
< ABC U= W3tsle] A1zrdg FE3it)

ABC Tune findere #5014 A2 ABC
F90] sl ARIstdRr AAdEt Ane
ABC Z¥402 #AAZIT) Folktunefinder
= ABC 3¢S U422 MelodyCatcher=
Midi 34-& O =2, Kooplet< EW-2 77|
glo] BE RS o R, flolx AE st
of AMutd S FH3 BN A FYE 9
AIER HIAZIY Musipedias= lEFANZ
AY o2 g A7(Alexa Internet) 02 &
g HY AdE AIE AR HIANI|E

AU 2% eyttt

DoDoS0S0<} Midomi= B4 A7} wlo] A=
ek Ao] e vlolEHo] 2ol FTtste,
Tunebot= Karaoke Calloutolgh= AlYS &
3 71(key) 7} TR kdle= 5= 54 7]
55 B dolHuo]x e o] &AE F

AJZITh

B AFelM E4E AI2HES] DB HEE
v tiytEelch Folktunefinder= 205+ 4%
o] A€-S Midomi= 2009+ 29+ myMoozle
2 467+ &2, Peachnotet= 1605+ 3| 0]x]2]
o} E, Kooplet< 789+ ¢tRE AJQlslal 91O
™, A& F7kekal ek

Parfeit Ol¢9} Peachnotes= &4 &9k
Ao 2 Folktunefinder 2+ MelodyCatcher+= !
8E o= MuAE AlFshd, ABC Tune
findert} Midomi, Musipedia, Themefinder 5
= 2o IAIRle] Tkt 2ot gk TS

o ™

AF3tt Midomis 3712704 Aelsie)

5.2 MOl e

q]t"jgl CBMR A"l A2 k&
Z3te] &4 ek A Qlsk, Musipediath
Peachnote, Themefinder, Tunepal< tH] <
o}z A¥el&l Y, Peachnote® FE(chord) 7
Mg Alggith
AR A F71) 225 A1RIsk= DoDoSoSo
9} Folktunefinder, Parfait OleZ A|9]5}2. t2
AR S SARIS WAgle] BE FIU T
A AgZ AQldith Meldex, MelodyCatcher,
Mousipedia, SID, Themefinder= & =7] &4

I ZE 7] D (search anywhere) 2 34



I3t} Peachnoter 3929} A
15-gram A ¢lsich

A
lo

H]—HJ HOoZ

Al2HlE HAEAHER Aoltt. ABC
Tune finder$} myMoozle, Parfait Ole, SID,
Themefinder= E|AE ¥t~ £38 48574}
AT A3-51a7, MelodyCatcher €+ Peachnote
= 7P 2k Midomi®t Tunebot = v}

R

ABCE wighslo] 52 23] HAE viio] 9
3t ABC FEE g4 Z AL AFs
12% ]}\ N HAEZ QH3 Fe= HA 157H

o) AHgaloFat AA =t Midomi®t Tunebot
stetal dskal Sk

27 U5

= 10% o)

Bl AE dpho] SRS AER
v 7PEAREe 2 sk AlAE A (IH
ollA Bz vie} o] bt 715 50] AR
Ht}. myMoozle =2 I EE, DoDoSoSo
-2, Musipediat= ABC 7%,

Peachnote+ exact interval2AFE-3lt) HEE

= dore mi -

o|AR E& AR QBH B4R AlFshy, o AL ATk 7158 Themefinder= ThFsE 41&
E AEHES F N o3 SRS AlE A JAE Aleih aftE g7kA] 770 solfege
gltl DoDoSoSoe BlAE BFA 13} 712 E AMESIE Pitch 84, WHAS 122
MR SR E e Aaeis Al ated 8&7kAloll Al ZH(major), PHminor), Z
mo] I35 AMgER= A28 2 Meldex 2} Midom, (augmented), ZHdiminished), $(perfect) 5
Musipedia, Tunebot= QBH®]Y, Tunepal- S A A= Interval B4, “12345677%
QBP Alzdlo|th Tunepal AFH A& A5l Scale Degree B4, d=2 T =4l
B e
. Ayt T melodycatcher . TR
¢ o fmktunehnder 3,
peachnote o H
1.0 dodososo !
.. ,-'.mlusioed\a L
0.5 g o
o™ "-‘ meldex .
9? 0.0 B koop\et R parfatole
R R PTP themefinderey  inefinder ©
1 myMoozle c
05+
-107 ojo|a
) o :
15 midomi | TTTtreeaiiigfenrt
® ! 0 1 2
X1
@z 5 He| Yol e CANs



38 BEAI|A] A30d A3Z 2013

/\ -& AR Gross Contour B4, 2749]
ZNFEAEG A3 &A5-S uUdDsZ JeRl &=
Refined Contour 413, 7](Key) B4} S|
Y2 meter) BA7HA] Al 3-8t} Folktunefinder
= 7P Ak A 5 1, | o8 AR
Contour BA% A|F3Hct,

7P Avke 2 Mol2 elEal= AIAHL 57)
9] SEH7IA] AHE-8h= Kooplet= | I8} T
i F(2) SERE Are] AvK14~17718h 5
Al5-5t3L ek C-Brahms7} 887) A¥H11SE}
H)E, Hundrume|u ABC 7|52 €2E g
3= A 2" 4~52EH Y] Surkx] ¥
T ol Hlshkd v A 7heaich QBH ©4Y
I A ANFEAS Al F-sk= Musipedias= A
Hhol| S70)7kA] Y3, Folktunefinder 2k
MelodyCatcher, Peachnotes= X%+ ARE-3t
t} Meldex= Zutol] S-Z4o17kA] dH3ht 2
Zo]e] AHg-od 52} interval #} contour & o1
A& A GAlol| AR E Preferencesoll A
AR + Utk

o] o) ;= Kooplet #} Peachnote:=

AR Bl Fﬁ“‘w‘% Musmedl =

E_
=
7] space 7|
=
o
=

O3 71o]

_TJL_E

% E1 A

S ]%3}‘34 Peachnotet :”:(Chord)

=
A AlFgit

5.4 EA 21 OHE) W

o] @A A %8| 22 absolute pitchth
relative pitch, key relative 52 AQxd=
AREE A 2] o] 82te] HelE flal 71te]
U solfeget 722 BI2EFEE HIHOF A

Taly HE A= Moo ALLE AR

upro] BA18I) Peachnote= ZWbl “Ewd
&S 2702092 XM exact interval “48
07020 -2"%, =& SCZ AH"60070
20-2"2 A& W3sla,, ABC Tune finder
% “ccggaag” 2 S relative pitch “040107”
2 H3lsle] gA131IT) Relative pitchY exact
interval 2 A¢lshd 7)71 th2 Lolx] AM
& 4= 9)7] Wizl ABC Tune finder 9} Parfait
Ole(relative pitch), Peachnote(interval) =
2] GAol|A] o] WO ® 7] wig 'S AlFg
o} 2} SIDE AEE AolE 12719 71(Key) =
X]-E H3ls}e] BRI} Themefinder 2 Tunepal
2 7] g HIH 02 A3, DoDoSoSo=

C 719 b Mgt

ABC Tune finder 2} DoDoSoSo, MelodyCatcher,
myMoozle, Parfait Ole, Peachnote, SID,
Themefinder= 2|9} YA 9t A
gtth SID9F Themefinder= E]2E 734 o) A
A FAE FFE( 7 ? *)E ARSate] g
&9 7k e SRE Ao HAE £tk
myMoozZle (X dhh et # (X 5717+
)& Aded %JQ] o7k gt

4ol e At3k= Peachnotew ¥
FAOZ AlFsh, Meldex-’i} Tunepal< A
O = split Atslstt

Musipedia-S v FEQo| thafjx= HY
ARE, PX¢F 4o HMolg ZlF A=
EMDE AH&-3H). Meldex} Tunebot, Tunepal
- AYAZE ARSI fARE 'S Al
3}1: Koopletg 9};(401;2] 3 W EE] 7&43% )
3l wRE3EE ARE-SH ofFH(phrase) BAE AF
Eig=d

ol

O3
=

of



W87 Soba A AlzEle] HlaL #4 39

Peachnotes= E.5+ Al5-8hH, DoDoSoSott+ SID

= A2 AAE gl sl Fs} 22 v
(13 6) SAAAZ AFE= EHE9 el o]E Rt Al F-ich

el ALES TERHER FA g Aotk MelodyCatchert} Parfrait Ole, Themefinder

ABC2MIDI, MIDI2ABC, ScoreZmidi, Abc2xml S AQfsta 2T L Ao A= AR = A

5.5 B 27t B2

=

T

o

53 28 s/wE AMEske] obE ek Midi, ABC AE &5 T W AF=ARE Kooplet U3
Y Aolell= s Migto] 71sar] wiitol, o gk 771k Midomie @AV A5E A
Fro] A|l2"He DB A 5de] S/ A ehA| gtk otee] 9= ABC Tune finder
glo] et olel o} A st S &S AT ¢} Folktunefinder, Kooplet, Tunepal & #1<]3}
gt 3L B e YRk el S vk
ABC E94& ©43k= ABC Tune finder A g3k

¢} Folktunefinder, 2H2.5 ABC 9=z HE3} el e Tt AEHs] Qe AR
of Aol3l= Tunepal> AMZAFE Midi 3L o g |JAE Algsh Peachnotew 74
7 otH 2 W3lsle] ALy, 2EY ARG H otH 2l 221dS YouTubeZ, Tunebot
txtuh abc A Z A|F-3Hch Musipediak® 2.t = iTune®]Y Amazonol|A] FujsteE ga=
Q) IR} A 2EYAHRE v=A FEZ A 531 ATk Musipedia® #H| 53 DB
HoIZFTH View detailsolA). Ze1uk Meldex <} ol A &alsl= 9]o] Alexa InternetS &3t <)
MelodyCatcher, Midomi, Tunebot< 2.t] 9%k SgAT A Z3)

.*~ " peachfote ==~

; “op
1.0 - : ‘

dodososo
[e]
sid "
057 % eRLe T .

s
\

b2, 8

musipedia O 2
abctunefinder tunepal / 1
L

o

CES Pt

. my ooz Parfaitiole

[ [o]
" “sthemefinder kooplet

0.0
i
T L
: melodycatcher
. meldex ©
tunepot Mdomi
_10- ....................................
T T T T T
3 2 El 0 1 2
e 1



40 BEA3|A] A30d A3= 2013

o]utol| %= Peachnote= 2JH.9} 34 o9} &
A&t N-gram®] HI=5E Axd 22 Ay
&pH, A FERE Alggith Folktunefinder
9} Kooplet, myMoozle= 74 ¥ R oA &
AAele] SR E FOMNOE T oEHN A
A4 BAAHS Br)

Parfait Ole(http://www.parfaitole.com)+
g oo HAE HAE&S AT (EEE
oy, &%, 227k dokin) & XA s] €
s s E AT 4 ek

Folktunefinder= A% A3}l tiste 7]
U, 8z}, o] 502 FER)shs AldHrefine)
HA 3} oA Bl AT Alygit

A= YA A eAE DA
Bl R, FEYA AILSFdAE ARAE
2 A=A KoopletS 282 34 HAl
=, e/ =" 3 9e] A7) SAE F o

7Fs st

Llo _11:l

5.6 7|E} O|EIH|O|E] BHA

retdole] HA = A Algsk= CBMR Al
ZElol| A g olH B4 J25 dle =
£ WE7RteE ANE & FHo g HAst
o AdES IIsk=tl Tr%'c?b;«

ABC Tune finder ¢+ Folktunefinder, Meldex,
Tunepal 3% B4, MelodyCatcher <}
Tunebot= 783 A=7l/ AF7F 2442, Meldex
= I BHERe2% Algetth Musipedias 7}
AR OPgoR 71915 &2} o (phrase)
A, Kooplet= B8 ALAE ARE8l= &
=71 34, 7HF 7191 E g2 2 ofFH(phrase)
A5 A g3t} Themefinder= 2H! motet

FIO é

RS

d<

u!

YA AR 3, B 52, AL
NHE kst T3, g2t g MA ANS

B oAgox AEH 15719 4714 CBMR
A5l DBY S S A o9 o
SkATE Lee<t Moon(2006) Sl A 2F 7+o] 714
ZAxtol} Bl AE ukxof mXu SZolE A
A YEsleoksls QBNEDE mlo]a2 &
A ot AAste] Esk= QBEY
QBH7} ¥l A2} ARE-s7ol B
st A7AY v 22 5493 AR
o] HEHU

A, CBMR AlZlollA 2dEAts s
%01—24 BE Aolsly ghllsl= dl= AADBA
A}.%QL B e AH Az @ A4 o] e
A e & g Uik EA14QL N-gram Y
2l @ﬂ A LoHTAA (myMoozle, SID,
7= E o g Kooplet)
] 373K Meldex, Peachnote, Tunepal), @
ZE 3 (Peachnote), 7], B2k <78 ZE
Be}e-A(Folktunefinder), 23 dhads,
|, W27 AE(Kooplet), 74 tHollA
2-9] slol}o|E(Folktunefinder, Kooplet,
myMoozle) 5= CBMR®] A58 3PIAT]
7] S8k £ = Hel,

=41, DB 4% SwolA ZAE CBMR
AIZEE APAAE T AEAAFoR
=tk Meldextt Themefinder9} 722 13-
718ke] AYPA2E 2 DB o] AFHo g

{1

O

Themefinder),

= l-ﬂ UlO
ru

iy
O

i)
1o




t-5-3te] Guto] &7t ARE-sl7ol fr-83 B
oA Ak Tunepal< 2Fouu}l A9IDBE
Sjjstes 82013 5¢ 22,751 8004 74
23137°d&= F57h 3 @7 iPhone 71%te] &
vkl AEIAL AlFstal

ALAAEEL U] A DBE 15314
WK Midomi, myMooze, Parfait Ole, Peachnote),
ABC #d(Folktunefinder), 2. (Kooplet), Midi
7} (MelodyCatcher) & tlido2 SlollA =2
E73te], 52 FAA} st do] S
DBell F7}sk=(DoDoSoSo, Midomi, Tunebot)
59 x¥o= DBE sty Utk

olgte|| = ofmpEo|nt iTunedt 7242 &3t %
o DB} AAIste] W&719 AN Algehe
Midomi+ 2FFEE 7]9k] SoundHound &= Al
+ote] AeAS =ola Atk

AR, PR Aol A gt doje] Zo]
o} ARIEAFES] Zol7t YXEHA] 9 we] A
o|tt. ABC Tune findert} DoDoSoSo, Melody
Catcher, Musipedia, Parfait Ole 5 <] A]
2ol A Gl = 2E ST S 73
gith 1HEE Hojge] Aot Fers B4
A WolA| AL FeHEo] St DoDoSoSo
oA 27)9] Fo & BAshH ANAIE Ho
TFA| B3 HAANTE U goy doE 4

A fgeste] 2HE Fastehs AR B

1299 vl 2 4

=

M
ha

=
ofo
N
iz
dlo
12
o
2

>~

£t} MelodyCatcher® A3/} & Zow
ANALE ZA st MU ES Ko
Zt} 13y TunepalS ¥ Zol7F 5%
w10zEoH gow AMsA] 43 165 o
< YgsiEtal hfisich A9 E o 7t
) 2 4<% ABC Tune finder+= 1671 ©]A+e]
o] X (5 15719 S22 AR1E7] wiE
o) el izl AolE 16707H] Ao 2 95 A
wslo] A8t Peachnote= 1513 o2
Aol A3k At glow 15E T AR
J5e] HoE eMate] A 9 ARSH
Aejet AAES HoFEn

A, dgolvt FHES HAlshs Al
A Q&S FEsRH FAI7T ol Btk (1
g 7> myMoozleol|4] Alphabet song®] A&
"erdSelEalain|nlg ¥ " & *RURURD
DRDRDRDE ®Hste] A2 >(Bulgarian-
sasho Roman Moi Angele) 9] etHolt} Wk
w7 HErE 2 A ot Ao o F(2)
o Bl It 79 &2 R, U
WA= TA] Bl A% o] AA I

A, ABC Tune finder= Contour B4
oA UDS & S+ AJeFetal Ut DRk ARE-3h
t} w2bd Alphabet song?l A& "Erdd
glel&gavr|g ¥ "= “UUDDDDD” 2 &
Ajstedof gttt o] Al REN FEAFE

(2! 7) myMoozleQ| ZJAHZ 1}



42 BEA3|A] A30d A3= 2013

Salol ol ol gake] |AS £ SsMe
Aol AE Sk AR 2 ASAA T
AHZT_/]E FAsk wjAs Q) 9k Ael

o=
Aol Algle] F2& 918 dojsta] A g
o

sl
820)2 AejsHuE o] A gsjolo g
Y5 ¥Y 5

7] Bdsht Themefmder«] Pitch %]—)’\lv] =5
EEE FAJsl7] wjFol|, Alphabet song®] Al
& "EEEETREKES “ceggaag 2 TS
e | R T e e
T AAEH(OE 8) #x). HA F SEE
+ Z8sk= Aol A¥ES =Y F At

oldloll iz QlEf|o]A0] AREAJo] B ol ro] B
A Q2E o5t DBell we} 35F-2](Folkfull,
Folktest, Miditest) B4 Qe o] A5 M3
oFsh= Meldex A28 3he] QIE|s|o] 2
A DBE AgsA sk Zlo] A SHdlA
o Hela] Bt

e 2L YoM Ao E T FE
sfo] Ael/eAlsEA U Mesaros & Virtanen,
2010), ol 5t 7HAke} ot E FAlO] tE
e (multi-modal) 2 A F3&+=(Kan, Wang,

)

[skandar, Nwe, & Shenoy, 2008) 5¢] Al
7o BA A} A AHA ol AH8x|X

o)
SLEUR)

CBMROﬂ AR 710 At flellA A
7% A 2Ee] AET B SRS A4
3 A7ATE CBMR A" A% e
A=A Thopa SARAEES 4

=
o WG AAE AFHE A2HS R

T= AAsk=E A28 HA| (specification) &
T g88d F UdS Aotk

2 A7= € 719 CBM V\E' A=
QS HuP S W A2 ke 03 = 7FskAl
&Att. CBMR A|ZEl ofA] o] &x}5o) A

2= 7] AR - FES] o] fo] S
2 DB7} 57VE o] 8Ae
B} g et 7&”5'1‘2 4 Zlot}, Y A"
oA whe]Auk ZANk Zro] Bl
459 zFelu, ¥R interval, contour 53

>N
|o
fil
2
i\
i
_ﬁ

AE B J2Ad wet JgEolv AldE
SHCE A5s H Frlske $5A9471 2
238 Aojtt, £ A5+ CBMR Al&=dloly ol
g ez 545 Al We7int
A E 7uke] HE(mood) Y A2 B/ 5
& 7 A2E 5 A Gt BAA]
28 o] o]F A|2"e] Sl thdt AFE
4938 Zlojt},

2.
WOR 18 JUWE VADER, Europa, Mitteleuropa. Deutschland, Sachsen
G L oy

3.
HANS PITTE[ERKZEN LIET SIEN, Europa, Mitteleuropa, Deutschland. Niederrhein, Meurs

T p—

% ¥ T I IS
AR o

P R

(2! 8> Themefindere| A4z}



T730l, LS, oA, AR (2003). FA AE Ale o] &gk Wi-E 7wt SR A A|AE), o]
Huo] A AL 19(3), 34-45.

AFA, dE% (2011). Query By Humming -8 913 Midi IdollAe] 25 W2t EY A

W A EAeE] Il d e tE] =4, 38(1B), 405-408,

= (2011). AEAA: o234 HA| tid: I+

wkE A3 (2006). AA f $del A3R1ek er] 2 PAZUY 71, Telecommunications Review
(SK Telecom), 16(3), 435-446.

313, v (2007). 317 2ol A2] A" e e f1g a&AQ Wi dEY Qe W,
R3S =] HlolEHlo] 2, 34(4), 283-303.

A, B (2009). SoFe) EA W Hop: £7 Soto 2R E ] dat & YR AT =T
A AR A 2 g, 15(12), 923-927.

Arifi, V., Clausen, M., Kurth, F., & Muller, M. (2003). Automatic synchronization of music data
in score-, MIDI-, and PCM-format. Proceedings of ISMIR 2003. Retrieved from
http://ismir2003.ismir.net/papers/ Arifi.pdf

Bainbridge, D. (2004). Music information retrieval research and its context at the University of

A%

Waikato. Journal of the American Society for Information Science and Technology, 55(12),
1092-1099. http://dx.doi.org/10.1002/asi.20062
Bandera, C. de la, Barbancho, A, M,, Tardén, L. J., Sammartino, S., & Barbancho, I (2011). Humming
method for content-based music information retrieval. Proceedings of ISMIR 2011, 49-54.
Cano, P., Batlle, E., Kalker, T., & Haitsma, J. (2005). A review of audio fingerprinting. Journal
of VLSI Signal Processing, 41, 271-284. http://dx.doi.org/10.1007/s11265-005-4151-3
Cartwright, M. B,, Rafii, Z, Han, J. Y., & Pardo, B. (2011). Making searchable melodies: Human
versus machine. Proceedings of Human Computation, 2011. Retrieved from
http://www .cs.northwestern.edu/ ~jha222/paper/2011_humancomp_cartwright_etal pdf
Chai, W., & Vercoe, B. (2002). Melody retrieval on the web. Proceedings of ACM/SPIE Conference
on Multimedia Computing and Networking, 226.
http://dx.doi.org/10.1117/12.449982
Chandrasekhar, V., Sharifi, M., & Ross, D. A. (2011). Survey and evaluation of audio fingerprinting
schemes for mobile query-by-example applications. Proceedings of ISMIR 2011, 801-806.
Chen, R., Shen, W., Srinivasamurthy, A., & Chordia, P. (2012). Chord recognition using duration-
explicit hidden Markov models. Proceedings of ISMIR 2012, 445-450.



44 BEA3|A] A30d A3= 2013

Cheng, H. T, Yang, Y. H, Lin, Y. C, Liao, I B, & Chen, H. H. (2008). Automatic chord
recognition for music classification and retrieval. Proceedings of the IEEE International
Conference on Multimedia and Expo 2008, 1505-1508.
http://dx.doi.org/10.1109/ICME.2008.4607732

Chew, E., Georgiou, P., & Narayanan, S. (2008). Challenging uncertainty in query by humming
systems: A fingerprinting approach. IEEE Transactions on Audio, Speech, and Language
Processing, 16(2), 359-371. http://dx.doi.org/10.1109/TASL.2007.912373

Cilibrasi, R., Vitanyi, P., & Wolf, R. (2004). Algorithmic clustering of music based on string
compression. Computer Music Journal, 28(4), 49-67.

Dannenberg, R., Birmingham, W. P., Hu, N., Meek, C., Pardo, B., & Tzanetakis, G. (2007). A
Comparative evaluation of search techniques for query by humming using the MUSART
testbed. JASIST, 58(5), 587-701.

David, G. (2003). Pitch extraction and fundamental frequency: history and current techniques.
Technical report TR-CS/2003-06. Retrieved from
http://audio-fingerprint.googlecode.com/svn-history/r62/trunk/referencias/2003-06.pdf

Duggan, B., O’'Shea, B., Gainza, M., & Cunningham, P. (2009). Compensating for expressiveness
in queries to a content based music information retrieval system. Proceedings of the
International Computer Music Conference (ICMC 2009), 33-36.

Doraisamy, S., & Ruger, S. (2002). Robust polyphonic music retrieval with n-grams. Journal of
Intelligent Information Systems, 21(1), 53-70. http://dx.doi.org/10.1023/A :1023553801115

Downie, S. (1999). Evaluating a simple approach to music information retrieval: Conceiving
melodic N-grams as text. Unpublished doctoral dissertation. Univ. of Western Ontario. USA.

Ghias, A., Logan, J., Chamberlin, D., & Smith, B. (1995). Query by humming: Musical information
retrieval in an audio database. Proceedings of the 3rd Annual ACM International Conference
on Multimedia, 231-236.

Goto, M. (2004). A real-time music-scene-description system: Predominant-FO0 estimation for
detecting melody and bass lines in real-world audio signals. Speech Communication, 43(4),
311-329. http://dx.doi.org/10.1016/].specom.2004.07.001

Hanna, P., Ferraro, P., & Robine, M. (2007). On optimizing the editing algorithms for evaluating
similarity between monophonic musical sequences. Journal of New Music Research, 36(4),
267-279. http://dx.doi.org/10.1080/09298210801927861

Hug, A., Cartwright, M., & Pardo, B. (2010). Crowdsourcing a real-world on-line query by humming

system. Proceedings of the 7th Sound and Music Computing Conference, 2010, Barcelona,



Spain. Retrieved from
http://music.eecs.northwestern.edu/publications/smc2010-huqg-cartwright-pardo.pdf

Kan, M., Wang, Y., Iskandar, D., Nwe, T. L., & Shenoy, A. (2008). LyricAlly: Automatic
synchronization of textual lyrics to acoustic music signals. IEEE Transaction on Audio,
Speech, and Language Processing, 16(2), 338-349.
http://dx.doi.org/10.1109/ T ASL.2007.911559

Kline, R. L., & Glinert, E. P. (2003). Approximate matching algorithms for music information
retrieval using vocal input. Proceedings of the Eleventh ACM International Conference
on Multimedia 2003, 130-139. http://dx.doi.org/10.1145/957013.957042

Kornstadt, A. (1998). Themefinder: A web-based melodic search tool. Computing in Musicology,
11, 231-236.

Lee, K., & Slaney, M. (2008). Acoustic chord transcription and key extraction from audio using
key-dependent HMMs trained on synthesized audio. IEEE Transactions on Audio, Speech,
and Language Processing, 26(2), 291-301. http://dx.doi.org/10.1109/TASL.2007.914399

Lee, Y. J. & Moon, S. B. (2006). A user study on information searching behaviors for designing
user-centered query interface of content-based music information retrieval system. Journal
of the Korean Society for Information Management, 23(2), 5-19.
http://dx.doi.org/10.3743/KOSIM.2006.23.2.005

Lemstrom, K., & Pienimaki, A. (2007). On comparing edit distance and geometric frameworks
in content-based retrieval of symbolically encoded polyphonic music. Musicae Scientiae,
Discussion Forum 4a, 135-152.

Lemstrom, K., & Tarhio, J. (2003). Transposition invariant pattern matching for multi-track strings.
Nordic Journal of Computing, 10, 185-205.

McNab, R. J., Smith, L A., Witten I. H, & Cunningham, S. J. (1996). Towards the digital music
library: tune retrieval from acoustic input. Proceedings of the 1st ACM International
Conference on Digital Libraries, 11-18.

McNab, R. J, Smith, L A, Bainbridge, D., & Witten, I H. (1997). The New Zealand Digital Library
MELody inDEX. D-Lib Magazine, 3(5), 4-15.

Melucci, M., & Orio, N. (2004). Combining melody processing and information retrieval techniques:
Methodology, evaluation and system implementation. Journal of the American Society for
Information Science and Technology, 55(12), 1058-1066.
http://dx.doi.org/10.1002/asi.20058

Mesaros, A., & Virtanen, T. (2010). Automatic recognition of lyrics in singing. EURASIP Journal



46 BEA3|A] A30d A3= 2013

on Audio, Speech, and Music Processing, 2010:546047.
http://dx.doi.org/10.1155/2010/546047

Nam, G. P., Park, K. R,, Park, S, Lee, S., & Kim, M. (2012) A new query-by-humming system
based on the score level fusion of two classifiers. International Journal of Communication
Systems, 25(6), 717-733. http://dx.doi.org/10.1002/dac.1187

Papadopoulos, H., & Tzanetakis, G. (2012). Modeling chord and key structure with Markov logic.
Proceedings of ISMIR 2012, 127-132.

Pardo, B., Shiffrin, J, & Birmingham, W. (2004). Name that tune: A pilot study in finding a
melody from a sung query. Journal of the American Society for Information Science and
Technology, 55(4), 283-300. http://dx.doi.org/10.1002/as1.10373

Prechelt, M., & Typke, R. (2001). An interface for melody input. ACM Transactions on Computer-
Human Interaction, 6(2), 133-149. http://dx.doi.org/10.1145/376929.376978

Rho, S., Han, B, Hwang, E., & Kim, M. (2008). MUSEMBLE: A novel music retrieval system
with automatic voice query transcription and reformulation. The Journal of Systems and
Software, 81(7), 1065-1080. http://dx.doi.org/10.1016/].js5.2007.05.038

Roger, B., Dannenberg, R., & Hu, N. (2004). Understanding search performance in query-by humming
systems. Proceedings of ISMIR 2004, 85-89.

Sheh, A., & Ellis, D. P. (2003). Chord segmentation and recognition using EM-trained hidden
Markov models. Proceedings of ISMIR 2003. Retrieved from
http://ismir2003.ismir.net/papers/Sheh. PDF

Shiffrin, J., Pardo, B., & Birmingham, W. (2002). HMM-based musical query retrieval. Proceedings
of the 2nd ACM/IEEE-CS Joint Conference on Digital Libraries, 295-300.

Tripathy, A., Chhaatre, N., Surendranath, N., & Kalsi, M. (2009). Query by humming system.
International Journal of Recent Trends in Engineering, 2(5), 373-379.

Turetsky, R. J., & Ellis, D. P. W. (2003). Ground truth transcriptions of real music from force-
alligned MIDI syntheses. Proceeding of ISMIR 2003, 445-448.

Typke, R. (2007). Music retrieval based on melodic similarity. Unpublished doctoral dissertation.
Universiteit Utrecht. Nederlands.

Typke, R., Veltkamp, R. C., & Wiering, F. (2004). Searching notated polyphonic music using
transportation distances. Proceedings of the 12th Annual ACM International Conference
on Multimedia, 128-135.

Typke, R., Wiering, F., & Veltkamp, R. C. (2005). A survey of music information retrieval systems.
Proceedings of ISMIR 2005, 153-160.



=
oo
N
iz
dlo
12
o
=

>~

229 ] Wi

S
1
N
N

Viro, V. (2011). Peachnote: Music score search and analysis platform. Proceedings of ISMIR
2011, 359-362.

Wan, C., & Liu, M. (2006). Content-based audio retrieval with relevance feedback. Pattern
Recognition Letters, 27(2), 85-92. http://dx.doi.org/10.1016/j.patrec.2005.07.005

Wang, A. (2003). An industrial-strength audio search algorithm. Proceedings of the 4th International
Conference on Music Information Retrieval.
http://www.ee.columbia.edu/ ~dpwe/papers/ Wang03-shazam.pdf

Wang, A. (2006). The Shazam music recognition service, Communications of the ACM, 49(8),
44-48. http://dx.doi.org/10.1145/1145287.1145312

Wang, C., Li, J., & Shi, S. (2006). N-gram inverted index structures on music data for theme
mining and content-based information retrieval. Pattern Recognition Letters, 27(5), 492-503.
http://dx.doi.org/10.1016/j.patrec.2005.09.012

Wold, E., Keislar, B. D., & Wheaton, J. (1996). Content-based classification, search, and retrieval
of audio. IEEE Multimedia, 3(3), 27-36.

Zhu, Y., & Shasha, D. (2003). Warping indexes with envelops transforms for query by humming.
Proceedings of the 2003 ACM SIGMOD International Conference on Management of Data
(SIGMOD '03), 181-192. http://dx.doi.org/10.1145/872757.872780

o I3 ETEH0)| st I B
(English translation of references written in Korean)

Chol, Yoonjae, & Park, Jong C. (2009). Extracting melodies from piano solo music based on its
characteristics. Journal of KISS(C): Computing Practices and Letters, 15(12), 923-927.

Kim, Moojung, & Nang, Jongho (2011). An automative melody track selection in MIDI files for
query by humming (QBH) application, Proceedings of Conference of the Korea Information
Science Society, 38(1B), 405-408.

Ku, Kyong-I, Lim, Sang-Hyuk, Lee, Jae-Heon, & Kim, Yoo-Sung (2003). A content-based music
information retrieval system using theme melody index. Database Research, 19(3), 34-45.

Park, Mansoo, & Kim, Hoirin (2006). An audio fingerprinting scheme robust to real-noise environments.
Telecommunications Review (SK Telecom), 16(3), 435-446.

Ro, Jung-Soon (2011). Information retrieval: Theory and practice. Daejeon: Geulnuri.

You, Jinhee, & Park, Sanghyun (2007). An efficient frequent melody indexing method to improve
performance of query-by-humming system. Journal of KISS: Database, 34(4), 283-303.



48 BE A3 A] A30d A3= 2013

[32] 24 gk A2R9 ApolE

(JC's) ABC Tune finder <http://trillian.mit.edu/~ jc/cgi/abc/tunefind)
DoDoSoSo <http://www.DoDoSoSo.com/>

Folktunefinder <http://www folktunefinder.com/»

Kooplet <http://www kooplet.com)

Meldex(New Zealand Digital Library) <http://www.nzdl.org/musiclib)
MelodyCatcher <http://www.melodycatcher.com/)

Midomi <http://www.midomi.com/)

Musipedia <http://www.musipedia.org/»

myMoozle <http://www.mymoozle.com)

Parfait Ol¢ <http://www parfaitole.com/>

Peachnote <http://www.peachnote.com)

SID theme search engine <http://www linusakesson.net/themes)
Themefinder <http://www.themefinder.org/)

Tunebot music search <http://tunebot.cs.northwestern.edu/»

Tunepal <http://tunepal.org/tunepal)



