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Abstract

A user remembers a melody as not the combination of pitch and duration which is written in score
but the contour which is composed of the relative pitch and duration. Because of the way of
remembering a melody, the previous Music Information Retrieval Systems which uses keyboard playing
or score as the main input melody are not easily acceptable in Query By Humming Systems. In this
paper, we mention about the considerable checkpoints for Query By Humming System and previous
researches. And we propose the feature extraction which is similar with the way of remembering a
melody and similarity computation algorithms between melody in humming and melody in music. The
proposed similarity computation algorithms solves the problem which can be happened when only uses
the relative pitches by using relative durations.

» Keyword : 82 ZA AIAE[(Music Information Retrieval System), &2 Zo[(Query By
Humming), ZEDICI] ZM AJAE (Muitimedia Information Retrieval System)
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Table 1. Elements in a Sound Note
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Table 2. Distinctive Features in Humming Query

mlo

2

.

l..

oE

< [U\O J
i,
o
fou

sumeesy | A
5| Zo| glolel iciol

Hole] ol

Eok sfeie w Sxolaie cie ol
o & FoiMye ARisnE =82 o
o] e % ek

= =0[2| Sy

o|E s 4 S2olets oig gl

27 LA
& BRSNS o) 2 ojz a2 210k

1o

ol waa | 22 SiRel 4201 lelz 20| 0}
=1 2o

SpiLt AR 2 okt
zeid sfe 8ol okt éOPF o A

Tjsol g2l | B0 ChE 4 lou AiEe 29| 5
5o o ven Arsrq

23. 7% oA7
2o FEE U sz Faske Azl Y
A7E e 2ok

2.3.1 UDS 7|gt 39t H AlAH

Cornell W&o Ghiase 19959 #&oz & A
g o83 2o A AlzElE ARMEHTH4). Ghias
€ 8% 29 o 289 & w7t AMstuA ke
i Bzoe] dd & golst Aojz} glvhe Ao gk
dlo S209] zo] WIE 29 M) B Rz &g
35t Ghiase &9 ®° FRE F&sP] AsiA
AutoCorrleation, Maximum likehood$} Cepstrum
A S ARSI 4 83 ol Aole
U(Up). D(Down), S(Same)el Al 7}A| 7152 Td
ot Us 3] SollA oy 222 A=yt #id
W =9 gol7t Zolle Ae ulstH De dzr)
AHE w28 wol7t HolRle AL 9ndh Se &
o Eol7t €T A4E vehdt) ol 2 ez
& el ol N7 go] EAlshe 24, A& FBe
N-1749] 715 oz FdEt (a¥ DL 58 A
Telde B4 RES CGhias7t AT dd2 UG
Ao},

N

EEEEEEE= e
= SESTT :
- o -
2o e @ o8 oo ox
* S uUbD WUy D s Uo u

J8l 1. UDSE olgst Mge| mal
Fig 1. Melody Presentation by Using UDS

oj9} Zo] & golo] WIS UDSE o83l A &
AR oM Fdske 44 44 A9 S dest 2 F
e, 2o AL A% dlelHe] 7t AXE A%
4] &Eolel WMSE Eo o Asd ®@sfolst
ahe o] gl

232 Him MEo 7|87] 7|Ht S HM AlAd
JW?/ te goko] Mg AHA Qlojd F EAQ
T AR Seo)g 5E e BAE

UrEM%—“— AR E olgske WEE AN
Soolre] ol HHE Ghias?t &3 A&
loiﬁl HgIA (5] goto] BE &F9] o] ghol
el #T @_EH = Eole AE ol&sh &9
dole] A, Zt &9 Zo)E Iz Argsiied, 'Y
ole] o & ASH H & B BdAEA & wolA/Y &




140 ®E AFEHREE HOGE(2006. 9)

A9 Aol2 B4 HHg FAYT (2Y¥DE (BI7H A
A AgolMe] B4 R FF Wl ehpdct

a3 2. S A B BZie| 2B HEkl= 32 2t a
Fig 2. Relative Music Notes Expression
By Angle a

2.3.3 M2 32/29| =ol/ge| Zo| iut 29t M
!

nlo]|38 A¥E AF49 Lie Lue Ghias® UDS
AR 25 F690H6). UDS(Up/Down/Same) A8
29| 7%, 7t Eol9} whEe) B FRE AMEEH=
Ul8iA Lie Luk WHEEE 2o Zoje BEz 78
2 gsieh. ol 8 AejdA 23b Aol g Tl

£ Zo] 22& golsh} MEEE 27t Zo| e
AAoz o¥Te MM kAT slEsHoz
UD(Up/Down) ¥ 71X)e] A& Fuetg AMgsld e
7t g Ui 83t Aol B Lo A& A7 Al SKE
7 ARz AL

& pp ¥ e ——
I 7 {
1IT === o —
i ) I T |
72 74 76 79 e B 7% 76 6 74

o = =1 =T =T 3 |
Fig 3. Melody Expression

Lie Lwt AN 54 AR 33 m=2d (2¥ 3)
< g3 22 A e 84 .42 FAE d¥9 A
#A2 dolHZ & ¥ 4 Uk

(*, % MU, 64.1, 1)U, 71.9, 2)(U, 124.7, 2)(U,
96.0, 3)(D, =96.0, 1) wwereverereermmensirereemerivisennansin 2.1

Lo AZE xEx 32 Ex 947} Ul R
o *zuk pAE Feloly FA HAdMe AMEEA

etk ANE 57 32 JuE Ng 539 99 ¥

- ol &9 Hol HHE FIIHo 2N FAdAe] FEA

2 ¥Y St Qo ARAY &9 Zolg 54 An
2 AMgte A HhEr) Wal) Nyl A Rt
£ 224 EAE SEable) ¥23 Hel gk

2.3.4 HefstH SRS 0|83 32 HM AlAH

o B0l (TeXe (8)oIM e Mg oz A
13 S 94 BAle B4 FRE JEeR 3o £ A
& 7 FAIEE Hlaske WS AASIY. (TIeide
Al e &S e JfFeE TR &3t ¥Rl
Ajold] wWabA o|& I/R(Implication/ Realization)®l
gh= 2d dez B@SA

(3 € (794 AN Faey 548 o83

vl dE Vel

>~

a7l 4. I/R =S oj8st Me7tv(w
Fig 4. Example of Melody Differency by I/R Model

(TelXe &=l A% BAE ol8std d&g ¥
wake WAaez dold teixe nsh| detth

Wu

31 39 FelolMel 8 Fol/Hol
ez AIRE YA Fre BHde &
g0l BUE 333 3%, MPIAA Tt BE



47 29 A% 9 F4 Axde SAE AL 22IE 141

W) A8 A B S Al
W e el go] FAE 3} EAlSA @
& TR0, ouA Pue AleAes iy i
Ty w92 eeb] AN At $28 o
Akl ke A2 Selich 3431 B gt
At Ee 1 olFz 93 A7 5 oule Wsp)
St 3% A2e 8ol AL BB,

g7
&
o

& o
[ER=ts

T3 5. =AY S Eo| FEnl S Ciflel 1=
Fig 5. Visual Expression of Humming
Query and Division of Notes

9 (a¥ 5 dEE Y S A 2o wE
=5l Wzl @ Aol U] FHe] FEE 9
A MEZ HAA g 10ms 5}-?4-4 Zgieloz 3y
ZoJE vheth AE gxEEe 3.0 2oy K
AR ZH Y AR FEE oulgit),

N
E .= le(n)2 ................................................. (3.1)
AmALL g9 HAT AZizo] ke AYo2A

AR ARE Auiste ALt duA] FEe} A §Y
2o el &8 FE3] el AR oA Fe
& AWAES o] g3l FEH ME FRE ULy 2
o] &9 wol& ehhlle Fo4¢ FE(Hz) 9 29 A&
AlZHe YEhE AR (mg) 2 FJETH

dEE 9 AojoA &8 29 ST ol 7}
sk (3.2)% Zo] A& 7 &9 wol(P)2 7 &
o] Zo|(D)& %o 3ke ¢ Jgoz FHh

= {(f1, dv), (f2, d2),....(fn, D)} e 3.2

32 52 HelofjMel 27t £
A o) AA U Tk AejE 89 ol g9
A4 Zolyh MskeA @rovt #w) Aojo] AL AlgAt
d AN sel web 7)e] Wsht whar)e) W)
A3p) w2o] AtE LmelEe &7 Bo] ¥EH &
7 A4 Zo] BES o] g} Untdoz goo g
< UrFMﬂ JaN £2e7 BFgo] AHLETHO).
gold Aoke] 12872 7|BoE T &7t ﬂ%—um
2 3‘34)41 o] F&¢ 94 5E9) SHolgn I} wAE
) 7% 1 &he Alge) A o}2GA AT B
g3 Hgo] AAZ Qalia Fgo] whgo] ol zm}
B 3 2ol o gEx] e 38l WEA
o}, olshe 2] BWEEE Mol g wiold] w
B ZAx U3 v wiFsRe oz A b
deold &3 Hx 3 %}Hoﬂﬁ 1:29] &40 vl &g
TR 3 ARl whe wlge ¥/2 2 BEE 3y
e AgAel e zu}% ol BYY 5 9
o] 228 g0 Fuzt AolB we YHow T

27t EXl M £2

B3] 95l BaE&S ARSI 328 Fue = A
el HYE A e E(log)% Azl 24 =R
A]ellx wEale] AMggt) HA &S r|Re kg
999 SEo] AlE ABle ¢xElES (3.3)7% 2
o}
log(f;) - log(f-1)

Po = I0g(TC)
PC(Pitch Change) : &3°] A}
TC(Temperanment Constant) @ Ha&
ofjAle] vks HE
£, : nHA & Fo
fo1 © n-1HA & Fol (3.3)

if f, = fy-1, then PC= 0

& ¥ol 3% QuelFe Bg UelY A7) BE &
ol WakE vehdy] BEdl @A ol FlE gt
golh %e AP -3E Hs A &
B e A% + e AT Wek AW ¥ 89
golh BUsE 2o] A 022 L,
4g Yueve 239 99 Qolt FUW 2%

E°|7}



142 BE 7 FEEREE WOE5(2006. 9.)

& 49 2ol Aole A AVH A vlg
olg3le] (3. 3)3} o] Ak

dn
DC =
dn‘l
DC(Duration_Change) @ &d°]
dn © n¥A & Zol(ms)
do1 © n-19A & dol(ms) (3.4)

B & 2ol 32 dxelFolMe Aol 7t EF
% 2 %& e F 29 Holr}h e A% A
< 1°] €t

E 3 U EEEHE FE 0

Table 3. Examples of Distinctive Features
between Notes

22 = 1 2 3 4
2=0i(fn) | 164.81 | 14652 | 130.43 | 146.12
820l(dn) 311 250 | 630 320
0l -| 202 | 20 | 16
Zopt -| o080 | 252 | o050
E 32 (3.3 (3.4 o83l &3 54 FHE

239 42 Yo,

V. & & b FALZ At

#9 el £g0lsh ﬁﬂ%i 225 &
b dolate AT e Hedel FAES
Pl 8o 2 zgoux = %L —ﬁ—ﬂ CEEREE)

124
)
rkt‘.

{

41 Mgt 2pe|Fe| EME

B 2ol AN dueize) AAH s8e ohe
(28 6)3 2o} AR 8% Al YEsE A,
% A9 o SEel ol % Zo] F} 2 F

g Zo @E—‘g 7]“*_3 UDS 7I{te] & HEE

-

223l S ]—z‘s‘ a]/\EE A&} $AF Ag T
~E o) 7+ 4gue Sl Ash 8ol A7t Ha/

wape] FAET

(-

EEEENENETET N
v

LPC, SPC, LDC,

SDC 8% =8

unDs I &8
e =g
-

RALEE CAE
!
SHME ZAE U Y 222
FAZ A&

e ]

Io

T3 6. TAlT ARt dalE S5

Fig 6. Flow Chart of Similarity Computation
Algorithms

42 M2 U 5% 83 %3

Sio] sk 229 Aol AN/HAYE 59 YRoz
A8 B RS, AA Heel 580) fAle gl
S A 482 A48 4+ g B899 sl o
o mei, § 483 SRS SHeks A4S, HEd
v 7] B4 g YRR e YA FhE Ml
HT g 48 W) §2 7700 B9 BREstel 2} Aol

£ AT 23S 99 1 }s&a_i g B9 g
FRroT 2 Mg FAL 2 * (k+1)Fee) 249
P2z gasH 088 54 %k° FUges A3 A

=

R °‘€L~§ Al 54 Zoll weld 3R SYgiol
7H & S%°] A& Jehlie 7% LPC(Longest Pitch
Change). M Fe &0l AE Jehie A%

SPC(Shortest Pitch Change) 7telgt sk S2do0]
atel #Hui/zE4 gl el LDC(Longest Duration
Change), SDC(Shortest Duration Change) 2} 33l

[ SUNY - R [ —

03 7. K=1¢u, SDC 72kt LPC 24
Fig 7. SDC region and LPC region when K=1



£ AN A2de FAZ A ¢nEE 143

[}

@8 De kel gol 19 B, & ¥l A7t 4
2 LPC 323} & ol /M9 2e SDC B9 o

£ vepar

43 F Mg 7} RALZ |1 g12lE

54 ZH2 2% LPC, SPC, LDC, SDCe 5%
77 PFEE dehie AAFA fAke AR 2

(2k+1) BEe Z+ 83t A9 A& Kl ol
Bl )

1

Slppe= 2_2*2%+1
Y Y |contourd,,,— ContourB,, )

n=1m=1
ContourAun © & AW n"'miA P g ##
ContourB.m © 41& B9 n*m ¥# % 9= g
k . 98 989 2718 ke 715A
Sl © ) $=0]27} FYgHE o] F= 77 7k
FALE gt

@.1

4 (4.1)2 Y99 T Ag2rE LEolxr}t Hujv}
d& % o) SAEE Aske wos Sk}
a7t g P2 A AN LdolArt A/
27} e A9 SAE AT BYH FEE oo
At B4 ARE FPgo2 = T3t 7k fAlE

2 PAL )R Yt 7 L4 A Ay @e
3 R FE QLR P2 Haked), ok AW ¥
o] A4 T PAZlo] HAMo] Frhe AL n|
o}, 9 gugEe LPCHe) fAMTS Hlmd Aol
T A& 7] Sol A o] Ao HAM vlmES
$EA (4.2)¢F Zo] LPC, SPC, LDC, SDCo (%
A% 7l F2E Ae) PF FE F A FAES
Frkehs 71202 o)

ST Sl po+ Slope+ S pe+ Slop

contour = 1
Sleontow * 7 B FALE
Shipe * Ex=olAPF Y 2 glo] X81d ¥¢
Slepe © BEolAF A A& glo] EgHd #¥
Slipe - SEH0IZL A)Y & glo] ¥3Frd &g
Slspe © ST AY S gho] X §¥

4.2)

Al
=

al it
2 g

V.

nek

7t

B AEAAM vz tiide] He HE FEe ¢ Z4e
A T3 ool 150709 m|Y Y-S o] g3} o)
Y HUef FHEo] HEE EYS BFH3l 23
o, Ed /S 984 Cakewalkrle] Sonarzhs vl
o AlEAM Z2ads AR Y FelE gy gt
A Fel2 16bit Monodl 22.1MhzE ATl A3
st A4E flolE g jAudiod o]4d Fu 2
AE BalA &Y Aol & &) 2 & HolE &
ZH10).

AY Frie Wy e vt 2o dEe AUlE 2%
3te 7HeX kE 1~371A] gAE 4% dtm o &

- Almick 530l AR HAEnAt dhs Ag9] Y AoE
9 dlolE2 sl A& AN A4 A v 150
Mo &t BAES} fAETl e o2 SuHld] o
9=, AR AMe] AMgtaat P Mgo] ¥3
S 971 JA g2EdA 2 WA eHdRE
g3t ® 4= Y Ao Al, Zua} e 299 o
32 A4 9 HF S vehdd

B 4. Y Feo| A st etof =4
Table 4. Sequence of the Matched Song

st S0kl o . . ]
o T oot | ot | o [ se ] NV6
k=1 5 7 19 | 7 6 | 98
k=2 | 3 14 | s 4 6
k=3 1 2 9 1 2 3

k9] Flo] S7HEFE T S e MY B
=42 2P Hed. ol 53 339 dojrt R
A % JHY 545 BAEE At Ho /A
=9 539 A=rt B e AL ¢ & Uk A
AR 3T Aejdl A4 AriEez gE & Aed ]
A 2 £HE 2 =Hed ols AR ARl
At ke deS o7 AR 2utEA FsA|
R3he 25 onct

7% e FAIRE A duElFEe] FY FejdA

5 AR AdteA] RS Hlmslr] YsiM 2,264

<
L
h=



144 ®E AFEHEREE /2006, 9))

UDS 7lite} gt 44 Al2Rl(4)9 Fejstd 54
7I%ke] St A A2Rl(8)9] AF, d&%E S
ole] WS EA AHRI AME3l] YR TR
Aold Mg WM exHoz FAGL Hlushe
Aee 3 oM Aol skttt #) Ao W
o &7 @3] M AF, A& AU weol
A2 E"c]’ék'-ﬁ ARRE}7] R ol Ago
gol Egzs} &9 Aol bz} a8y 4ol
& 7 /\}E Bl@ A 12 o} $AlE Lio)9)
22 73 g ALEdd i $Y SAlE @
Fagtke B4Rl it (ad 8)e A4¥e A%
& BE Fo Comedian’t 2% Veronika, der
Lenz ist da®he Z# Mozart7t 33 Don
Giovanni I finale's 3¢ 452024 $40] Ak
oH3he AF ME GE Agdd FYF A @E F
oJsh= 7ol

_9..‘::.0] kA

rz

o}

mlo l

x

SsD §8 U S Ds
02| 8. SYUS RAIE S H= EF o

Fig 8. Example of Same Similarity Score

HlE AR 713 fALE Hla g3

2l &(5)3% A&

TE0l/520] 71 fAE vla dnelE(6)9]
(4)et (813 sRZIAIZ AdAA & Fol8 A3

gl 3%

j=]
A9 Wol 2$ATE FHIA HA1E A
22 AN 5 £

St (4)e] 7

AHE3E7] HEl], AR ™)

g Hge) =4 3
=

A9 ol 4 Lol7} B YA Be 7
2, 59 S¥ole 388 /T e &SI

HEZ e RS 39T & gk Bae) At A
¢ A M2 g2AE B0 sledes 2] 4
£ @4 A 71E UDS 718 SAIE W daelEe o
$5l] fAG U Jas8 A4 2
o) el Aol/HAgS Fo R ANE #4848 22
E v} HESE 2% ¥y Adst vasl B o
B o dele] R & golel B
BUR 489 A4l sl YAd $20 A2
§3o A (18 8% e ASIE (2
o] AaE AL ANKE F5A B,

m-wnrgm& w W”““l"

AP N
i lmm“wrutnnmw"

P4 .

S(1)D(1)S(1) u(s(1)b(1) s

T3 9. 30| AE 12{5t dee off
Fig 9. Example of the Applying Relative Note
Durations

V. 28 H &F A7 oA

B a7l 71 7|HES 0|83 F4E Aot
ohic] 7lug Helel P2 Aoz AMgek £o A
8 Nzl 9 el o184 ot P4 Az A

$9 4 9t 2R 2A delel aFaIe
o olei@ el ARl AREQ F22 8l ol

t© Aoz Alge] A&E 7|Y3ke Wle] & FEdl ¥
o9} Zo|7} old A ol 35S 7dshk=d 9l
o & d7oMe Ale] &S 7198 o _047}94 =
oAt} ZolAE ol gRithe Hol| ARl F Mg 2t
o Ak At danEEs Atk Akd YmE
L 71E Sl ARE XD FAEE Altsle
7S W visia 20l A& AR S AT 8
a2 FEFo2H Zgo] o] PN FLF AT




FECE

et A Azde Az AN dnEE 145

#e e Az olg TEY F e PHES A
3t FFole B =RoA Add frAlE A dx
B]5E ol8dl] g 7t Sk A Alz2dE Aad

{13 dlels] ZoIAtA, http://krdic.naver.com, 2006. 7

(2) Wie nl=E 9] 52, "Exe} Asle] HRA, =
g=3H 2000, 8

[3) Richard Moore, Paul A. Wheeler, "Science of
Sound, 3rd edtion”, Addison-Wesley, San
Francisco, 2002

(4) Ghias, A.. Logan, J., Chamberlin, D., and
Smith, B.C., "Query By Humming. Musical
Information Retrieval in an Audio Database,”
Proc. of ACM Multimedia Conf., pp.231-236,

(5) B&2, i, 740l 33, AR, HEY &
Eold) 2lE BRE o] 43 Soto] AR ALt g
£ I=ARAYEE =8x, ATHE, AL2Z, pp.
3762-3774, 2000. 12.

(6) Lu, L., You, H., and Zhang, H~J. "A new
Approach to query by humming in music
retrieval”, In Proceedings of IEEE International
Conference on Multimedia and Expo, 2001.

(7] M. Grachten, J.-L. Arcos, and R. Lr-opez
deM-antaras. “Melodic Similarity: Looking for
a Good Abstraction Level”, Proc. ISMIR, 2004.

(8] E. Narmour. "The Analysis and cognition of
basic melodic structures : the implication -
realization model.”, University of Chicago
Press, 1990.

(9) 2E4, ol%d, FUE MEL &9 BE, FEAL
1998.

[(10) Daniel McEnnis, Cory Mckay, Ichire Fujinaga,
Philippe Depalle, “JAudio : A Feature
Extraction Library”, In Proceeding of ISMIR
6th Conf., pp.600-603, 2005.

A

N,

AWM

.
2zd
1999 : Zsjiha ZAFE At
20024 : sEWs AFE A
20049 © sHOgw AFE FE)
7

WiEor : fHIAE2 Y, P2P,
Hejr|do]

2 A

19754 Agdidm 88 83t At
1981 Mgk Al EA8 A4t
1989 : AT AXEAS At
19824 ~ 20034 : sddigw PR
Hetehg} w1

20034 ~ 4 : AY9dign 4ZE
sojehgt wa

ARl ¢ HEliTio], dlefEwe]s,
HHES



