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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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2 vl 2ofeldl thew ek

T2 ot (score) Y, Midiet ABC
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sz mddch
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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
=7 ek Skyline ¥ #Eol vt Music
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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).
0L HAoA AEEA A S FE5)
2 My oA HEYE FEsk A
= AIZEL k2l g v REetEA, F
op7)e] &S FF 4719 e el A,
U5 Ede] Midi dhdeA] d2r] EgS &
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er QoA Fuks JIoT W) (F/2
Fo) o Wl (e Fu) E THY 5
ATH Goto, 2004). MidiollAl =] 3(0-12

Mo Wzl W B 2 EAL
37 Bde2 A AT ¢ AR
S, 2011). 7|2Hog QE&ES W

BN
=

g

Al FTHHEA, 1=, 2009).

LUeoA FA EYRHE A2y EgfH

Hiszshuy, o) FetellMe o8 7ie A7t
Al Yeld o eBE 91X EgiF)e] ¢
E3sith wolAE Bl dHE WAy
= oA IRV 27, sA0e 22 4
B RS FEs] A e EE ZCR
(zero crossing rate) ©|u+ ACF (autocorrelation
function) & F= AREsh= AIZF 71wk W 2
(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).

HMM<2 Wav 3tdS Midi 4= H3ks}
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

A2)e] 7(key) & FE3h= WHOZ PLCA
(probabilistic latent component analysis) 7}
REPET(REpeating Pattern Extraction Tech-
nology) Bt} -6ht}, Abgo] Fojsh= Z1H

=
o
N
iz
dlo
12
o
=

AlZ=Ele] W #4381

M

= 4 X84
& Pardo, 2011).
ojdle = QU] QoA W ] —ir% PAzH

g, ZE A, 7] =, 2=
fﬁ

(Cartwright, Rafii, Han,

A AAR] To)x} S-tol|A] oJu]|E zH
£ FATIE E7)(motif) o)tk 3hte] 7]
= 2708 w2 FAEH, & o] e
T uRtel os AR Hrh ok ARlE ¢
AE e e A WA 719 2 (McNab
et al, 1997), 52 AA 5718 o=, Ee

(3
A (theme) A&S W’a o8 T3t
TA| Ago] HE B2 B o] AIR9IA|
o] 2uid], 4w, - SU}E] 7hE o =
of whe} 2ok} AJF Hato] obd el FAIM
o]l AE F Stk HES WiREE AE&S
FAER FE, 94 Aol ol g8 &
ol AlRtE= e (R3], v, 2007), &71
7re] FAREE 7RISR §UIES FHAEHHY
slo] 7 FH2AHE Hixshs AES FANE
= i*ﬂﬂc e F730l, s, oA, 4
4, 2003: Cilibrasi, Vitanyi, & Wolf, 2004)
FARE AN T83 S dHEAQ AT

Aolsro A Aolnlele] 7|8 FAA
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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
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(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)
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Themefinder <http://www.themefinder.org/)

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

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



