A Feature Extraction and Classification Method for Music Objects in
MusicXML'

Yu-Chih Shen(i 45 %) and Jia-Lien Hau(#% £.i# )’
Department of Computer Science and Information Engineering,
Fu Jen Catholic University, Taiwan, R.O.C.

alien@csie.fju.edu.tw

F &

5 % 3 (music information retrieval ) Af 3
’ rﬂ—: e it ? BBV 4 )& (content )
7"?—??’;‘%1?,;;{'3,{“{15 FEL oy £ o 85
Ptk e FEB- M BBz (8 VLIT S {7 F ATENg
AR ﬁ; s TR E L 5 R -
bt h o v ARG o P TR RS AL
MusicXML - 12 4% % 2 ( music theory) EEE RN N
(music form) “32% 5 A#H > Ko L & &4
CHEB T R R %$ﬁm%&o%{r@
3y A A (structural feature ) 2 F A 2L RY
(hierarchical rule) ## ¢ > #-F#HI N ke 28
Moo - BARRFHEBE Y- L g
B ?Iﬁ‘—f_%’}ﬁ_mcﬁ F #+ (MF-tree) - e pF >
4 4 8 B e 3 4p i 3 #kc ( dissimilarity
function ) - I * & FNHIE I F B 7 4 iy
B oo B8 > & B K % & # ( hierarchical
clustering) £¢ % soF (T kB 7 A #Heave sk o

E ‘.Jrﬁ g

N fFB

M43 © P~ (feature extraction ) - & ;% Hf
(MF-tree ) - F¥ A 3% 4 ¥ (hierarchical clustering )

o

1.%#%
F ®F A k% (music information retrieval )
{35/&4* kit g R - BATHR L ARE *ﬁ‘? 3
BB Y > W AT R B F RIS
% ¥ > 4! & B (recommendation) - % *§
(querying by humming) o gt » %ﬁ:mﬁ%i}u&
FER ATy TEC o

lj\—/‘ozﬂw Y, mﬁigﬁ—gl,7£ﬂ

1.1 %
bR ETAAEgAREY > TG 2P HE IR
%P (content) i #FATL B LR

FrEe ) o % adk ’ﬁ”“ﬁm*%
L ok REFRY h2 A K- F o Barg
(melody ) ## = 3 ¢ (string) %77 > ‘d —’? 5 W
$ens N @G B R o - KA T 0 1 &
TR kB F A A - &I symbolic ¥ 3% > 4r ¢
midi - - ﬁgx‘_a wav 3% > 4 @ mp3 ~ CD audio » 2
o F A midi A G T @ E IR KR
(connecting various device) - T i A ~ehg &3
B oo 4o g3 8 (melody string) -~ & % F
(rhythm string) > #riZ 5 &5 B3t F & Sipenip i
ﬂioﬂ&’ﬂ®*W%ﬁ&ﬁ*ﬂﬁ%@ﬁ
MusicXML » i€ 5 Vi § B F sk ik o

BT gk (structural feature ) - #
BFagrd 5 0 £ R A (repeating rule) £ Ff &
4R (hierarchical rule) o & B IEA P15 F 1450
)T __1_1?_,4' 3 s 7 “""f?l—”ﬁ#’j‘fi o [Hsu()l]—flj’}%
£h f’l‘_‘-ﬁaﬂlﬁﬁ F Y mE B KA P
é“?'je‘&«“ff’”“rfr’ WA IR AR R A &
= #;’1”%52’ ompry > A - BRE S AR AH
BRI F R ARG EE s L B
Ao 540 i R HARR] . BB AT 2
R N ek A R T L ]
P~ B BBk J"f# EAN A F" Ealion
(MF-tree) o & ¥ > % 015§ #FM ;g oz
2R T R

ﬁ%,wﬂ*ﬁmmmww@ P BB R
(1) r g~ 5 » % (feature extraction for
classification ) : %% d & ,__#if’zm#pﬁk” PR
BT o (2) B FE R SR

—Qﬁﬂi‘c’

& % >3-4 % 5 NSC-93-2213-E-030-005 -

2 A2 ihjp b B % 4 o (To whom all correspondence should be sent.)



%g d £ & %1% 3] (repeating structure pattern) i
R REEA - WIHERKRAUIEFE “f}w’ (3) %
% %3 (music search) @ §&* 3 5‘* B3k Kok
oA R o (mus1c

( 4 ) T ERE
recommendation ) : BiE 5 & % i
# 4% & (music summary )

(6) % %~ 47 (music analysis)
Fd 7o 75 BIFTE DL o
(copy detection) : }% dF B R Hp gt
B HOF DA 08 R AR e TR R .

1.2 § # $ et

¥R B E DS P B R E > JE
Hsu [HsuOl]2% i 7 12 B v > § B andF e v 0 A =

I <
(1) T Static music information | Ka‘ﬁ £ NE Y
» #r @ 7 enfh A (keyword-based description )

’ éiri AR FEFERE o B4

I Beethoven’s Symphony No. 5, Op. 67 | 1 static
music information £_C minor, 4/4 % -

(2) T Acoustical features | ¢ 3= loudness ~ pitch
duration ~ bandwidth {v brightness % ¥4 @ o j5_
F P R4 FA (raw data) ¢ o 5d f§ H 0
PET OUE R EAE o bde o § B P
loudness % 3+ & 4§ %3 5. (audio signal ) &= 3549
& (root-mean-square value ) #ri§ » ¥ * ch¥ = §_

T4 B (decibel) | [Wold96] -

(3) T Thematic features | B &_" %= (melody) |
s e E (rypthm) § ~ THeiz (chord) Eay-a
#g 02 # 3% (score-like ) e F AL a8 P F (B endd pi
Boo XD AEE RS F TR A o b4 “G-
G-G-E”% - § &% 2oz ¢~ “C-Am-Dm-G7”
PlEfeiz g # oo

(4) " Structural feature ; : g:‘;\r,g AR
TAER TL RN BT PR LR
A T 54 (music form) § o # ¢ HAF S

#é 0 Trpk 4R (hierarchical rule) ; fv T £
%M 2 R ( repetition rule ) | [Jone74][Kmm90]
[Narm90] i 401 L 5 £ 5 £+ 4 953
e d PETaES S B R - By #
#.;,’ié 5 zfai-_i;-_ , mif B BEE F®H
2 ¢ % 4 75 (a music object consists of movements,
a movement consists of sentences, a sentence consists of
phrases, and a phrase consists of figures ) [Hsu01] > 4c
Bl 177 - £ RPERRP A av s 5 27
7 - BB T (motive) | 0 P ¥TE £
MR &Y o “,ﬁ‘T"J ?’fi—ﬁ%é‘%*if’l e
VUREERDERERD o Bk
> EE ”"Iﬁ.m |' &l 8c (refrain)
B Pm]F o

Lj’"]—a iBﬁt’ )

e -
l;_-l_'_"/rll T g 72?}

-
3 =4
BA-BREL

music object

[ movement ]

[ sentence }

phrase }

figure ]

{ figure l [

1. 5 &4 2 gk 1240 (The hierarchical
rule of a music object)

IKE ) Y aky

P g AT 0 AR B A B B
3 & ehyeEs (music recognition) o #ens #E X
XML h AR 1 ( structure s1m1lar1ty) ki h g
B 53 # 45 AHEB 587 7 0 Miura[Miur03] 4 %
g B (pitch spectrum) - 1% F 3 A7 c#
RFTEAWR > FF 5> F UL BTN A P o
# 3 (transposition) - Wai[Wai03]¥3t % § § # F
#L & (polyphonic music database) - 3% :I1— B 8 it
A B &2 (stream segregation algorithm) BTk
BH 3 AFHBE N (stream) s R AR RS
(melody line) #£4 03 % 4 fc - Hsu[Hsu01] T_&
T apmESOE R fi 4] ( nontrivial repeating
pattern ) | 1 B> 1% B kL (correlative
matrix ) fv RP-tree $-it 3 35 ¥l & & & B % 1)
(exact repeating patterns) > Hsu[Hsu04]{ i&- # #%
B FTwE R PR 5d 23 (cut) 244
& (pattern_join) > X1~ B FJFT i A = (level-
wise) | 7% EF kP FigwadE B o
g #e N Jfﬁrﬂ%’%w L1u[L1u02]'1 Johann
Strauss waltz centos = ;pa b > FRPpBITLE DT = AR
®oetw o] E G H RO - BATEE (B
2_ % t Melody-tree) ° - $ Melody-tree & - 1% = &

s ft > 1% Melody-tree iF 5 # 3% @ w] ( form
recognition ) #1¥E & 4% fic o Seifert[Seif03]0] ] * % &,

ehff % (semantic relationship) » 1343 & Rob-2 I &

Q e #5 BC (L ¢ characteristic motlfs) s 2kt
! Leadsheet-tree » 1% 5 § % crgga
FELSEE YT ? Shan[ShanOZ] FI#* fr s

(chord ) #HHer/ 3 * F ¥ fic % 7 2 ( feature
representations )  E - B F £k £ ( music
style) shg #ifom s> 2 o §Terf 2438 % AR
3 # R 2 o Kuo[Kuo02] # ' - B % £k 4 &

( music filtering system ) - {335 i@ * ¥ {7 5

( behavior ) - ‘H # % £ 4'] =R # (multi-type
melody style) 4 3 > 2 2 ¥ %= # 4] (melody
patterns ) a‘a;),*i:; 5 2‘3*#7' T ﬁ > Kuo[Kuo04]4*

R RehhE o BN BhARE > Ak



(new) & ¥ % Frig (not

G RERR T F AT
known ) e o

B3t XML S 44p i 87 3 Wang[Wang04] 11
* B4 F 3 (structural information) - & 11— B FY
K ;% i ¥ % (hierarchical algorithm » & % 5 @ S-
GRACE) - &> 4% XML documents %% B i ;¢
% ¥ (relational tables ) Z AT F & 0 & & = &
(join cost) - Canfora[Canf04]# - B XML #p i
FE 2 T L F ik g & s (Information

¥
Extraction Systems » [ES) 73 E G o Bert1n0[Bert04] ES)

** XML document ¥ DTD | * % 4 4p 7 &
( structural similarity ) - #% :". — i EE E 2

( matching algorithm ) » ™ % Ap i e * > 4o @
XML documents 4 5 ~ DTD structure & im ~ %
o % 3 ~ XML documents 7:iF # 4+ @ 3%

('selective dissemination) ~ XML document p % &
& (protection) o Lee[Lee02]:&— # # 1% & if
iR % &3 R (semantics) #¥EA 0 # 41 XClust
algorithm » 3 »x# # & DTD schema ©

1.4 B 3 ehfs i

3\ ]FB mﬁﬂ 7 p m{":’[_l- i— MusicXML *)é’}\‘ s Uf\"‘ ,FL
d]mémgﬁ"’lé #ﬁyklﬁﬁi*ffﬂﬂ(feature
extraction ) =+ I FE Mo - H B R

(classification) ° 2 i & §2end — B F\v %\4\' K
OB g Y B RSN R

m*@'“ﬁ’Tfﬁ*—ﬁﬁ*ﬁoﬁ:%W%
0l A2 Ap R E 0 UE LSS E
Thm > Op FefeT™ 5o F R A8000
ATk dien x> H P & 42 MusicXML documentm/‘
BNk ,u,‘,.gyfim‘;;upﬁ N —\ﬁfﬁ ﬁm—» PESI —M;FQL
A AR R E R 0 R AN A ES D E o § 2
’E‘.{f\‘ff’“ﬁj,;‘i,&i?ﬁfﬁ_% RUCIEOR TN S A i -
BE okt %I FRELAES M Ak

27

1T o

2 i

2.3 g

bib- BEH 0 APF L E A E MusicXML
document » R {s B IEEB > jFen ki o BT ko
FOEHY SSHDS F o SR AR
E o RS ATER N AT .

2.1 MusicXML 34 %

XML £ & Fm 24t PR EpE* - FFA
Fod o AR AR T > 1 XML B iF S A A
wmE A - Jféﬁ'frm“ “’ijt‘} 3 f]d-\ % MusicXML -
MusicXML 73k P 081 57 F & F s ﬁ g
# P~ o MusicXML & - f8 %% # 3 (score-like) ¢

?ﬁ%ﬁ’?§7ﬁﬁé(WMMw)ma#?
MBS T AT A (metadata) o 4o
~ 5L (clef) ~ A t: (key) -~ &

sl

7]

( creator )

% % (pitch)
3 % (melody ) ~ &
» fe3z (chord) ~ R & (slur) -~
& Al (type) ~ X4 zs 5. (grace) -~ &
(lyrics) ... % 3 & A4a R T o
FALAPLRGYE _ﬁm]; %o -
MusicXML document 7 k% 1§ _F o By
( Johannes Brahms) e o (Wle Melodien
Op.105) | ¢ » EBdeh- g (ﬂhrFﬁ?] 2 #T5T)
oi%f;t;?‘??}mav——fi(vowe) £ (-
MusicXML document * (4cB] 3 #7571 ) - 4p§ > &
BL<part id="P17>¢ 2 ¢éh+ § 82 % - | & o A B 2
P K- ) &g - B A document s 0 4R
TN 4B 3 ¢ “ApASR A hIN i 0 & Bh<measure
number=“1">1% - # F & gh<note> » #735 =& FIfHk

B AL 47 B L -

3 (beat) -~ - & (measure) -
£ ( duration ) ~

( thythm )

Womle g mly

5

N>
-
x
)

Voice

1
s
L1

J.-l—
H

Piano

=
SERT z

[ININ
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<?xml version="1.0" standalone="no" ?>
<|DOCTYPE score-partwise (View Source for full doctype...)>
- <score-partwise>
<movement-number>0p. 105, No. 1</movement-number>
<movement-title>Wie Melodien zieht es mir (Page 1) —_—>
</movement-title>
+ <identification>
+ <part-list>
- <part id="P1">
- <measure number="1">
+ <attributes >
+ <direction placement="above">

h %

g3
> % — b

<stem>up</stem>
- <lyric number="1">
<syllabic >single</syllabic>
<text>Wie</text>
</lyric>
</note>
+ <note>
+ <note>

+ <note>
- <note>
- <pitch>
<step>C</step> >4 5
<alter>1</alter>
<octave>4</octave>
</pitch>
<duration>2</duration> > 5 &
<voice>1</voice>
<type>quarter</type> > 9 5
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- ol E RBHIEP o T Mgt P EAR G -
;I}:: Bt ZEE 8o HE 8 hy By gk
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Goldberg Variation 4
Example 4 :
A g B 10 9T 0 55 48 o d SRR T R
T == ' T = 4 SR EAFIERL 0D 12/ e
: — - RETHEL g hd # 5 (1, 11)2 T A1 £330, 1)
B e G VT EH B g i B A I(, 52 B R RN
© i e L ™ "
(0,0.45) > F i3 - 3 H 852 p ch 2 5 7)(1, 9)2
P . T E0,1) 0 F B EEEL by eh3 # R (5, 8)2
B ! BRI E(044, 1) o S enE@ BRI R 0 1]
2B R N ey o @ FESE g
%]

"
H%%éﬂ%big";u&?fr%wﬁb] a8
W8. = ¢4 (J.S. Bach) R id & ¥ 3
b Tl ~a, ¥ bt~ A b,
R - B ;24 cEd g bt

normalize normalize i
15 5 ©045) @A) 50721 (1.4) 5 (0.044) s
(6.,8) — (0.450.72) (5,9 - (0449

t, t,

(10,40)

R0, & s 5 pf

| |

2T Ok o BN NP AR R E E o Aok
AT do % S ELE fp o> R E N E B 4 i
Bo¥WNE - BprmGgakm o HappmngILd 3
8. 4p R B 'J o Tt s Sk g &
DSsub(a b)v -E'-r R & %ml #E R o :}'%—T )
DS,.o(a, b)3*- & 41 5 7 a:s'z‘,hnﬂ AR > BT E Bhen

Gk
" AR Ed 3 REE IO AR E T o
. B0 DS,a, D)3 N E R E BT A9 R
v\ 324 7. : 5o ’ .
2;4 T2 S DS,fa, by 5 45 £ 4 & § e Ap iR o A K o
w2 A e w4 gl C O S
bt BER AT A B4 S0 BN S B AR AR BB dp 02 W E -

s ‘fl]’* o _\;;}Jﬂ_immﬁ oy Q—L-f%‘-_ ° ;}'ﬁ.—“— e ff"
/\ éw & —\ ERRS N & iti
AP AP LRSI E o f A RPHEE e ition 3 : DS;.1(a, b)

ﬁ*‘iﬁfﬂ’»@ié’” REBLFAN Ak EH s S G uEEE B b B a B b A AR
Pl3t 8 &gk FFen? Apiuk > 2RI 340 H - 'Y

IAAFE I GROEHET FRFOMmE -
i A - BRI E Rk B AR A ps,(a0)=

F HE B A PR FR o Fg o AR B -
over(u, V) BEERRN A g BAESITRM 03] [ ‘W]’Vi is the pitch histogram of a
F'“?é’L-’"I%”r*?fﬂi’é«LF'“{}’nEjﬁ"ﬁ%?é N A (a)
PN AR R TEE N/A v i the pitch histogram of b,if over(a,b)=1,
,otherwise.
Definition 2 : over(u, v) & 8% & (overlapping) .
LA 3 BEE u: (a, )8 v: (b, b)) B &L [ *HVILH”;J‘ J,v,- is the duration histogram of a
¥ )
1 if ﬁ Sﬂ<b— orﬂgﬂ<a_2 N/A ,v,is the duration histogramofb,ifover(a,b):l,
over(u,v)z ’ N M N M N M ,otherwise.

0 ,otherwise.
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Example 5 :

@ Example 4 %3 B3 P ET&EE 0,87 b, #p
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