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Study on Characterization of Music
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This paper describes the extraction methods of feature in music score, especially height of notes
(pitch, melody information) and definition of feature vectors and distances between two feature
vectors. The classification experiments were carried out in order to evaluate the effectiveness of
proposed features, where classification means to classify music score by instrument specification;
flute and violin. The experimental results show that proposed feature extraction using output
probability vector of 2nd difference for pitch and KL information as distance achieves 87.5
% flute/violin classification accuracy. Here, 2nd difference for pitch corresponds to convex
property of pitch sequence. a pitch normalization by tonic is proposed and is shown that this
normalization technique has the same classification capability.

Key words: Music feature, Feature extraction



1 FZANE

Bt BIZIEI Ty 7 HEREERIEETH, ANy
NOEHTH B &, MEEROBITHEINRELHHEE
SFBZERTED, i, BEINIEB/ICL->THl
OHSBENEDL Y, FORBHEORBEEERLZ
ERTED, APE TR, BHOBBMITERHELT
ZHEMREISEEERIC OV TRHNT S, FlEHROHE.
TBEEYAE L TRHREMNT T2 EbH 8. AlE
CHEBICERSWAEHOBEERY 2L T5, %
BITIIBELERTAEH R TEE., TR, HAMR
FORERLERBTIN, ARETREFRITREL T,
T8O HBBERHER » DI ME O 272y, Rih
DR BEROMBERNTS,

HREFE U Ya— 0BT 2012, KBILT,
Y OWRFENRD D, —OSCE  BANEILF
HBTHY, b —DIIMBRHINCESFETHS (1],
B ATRERTBECESOTERERTVW S bD LT
T, #ih (BEER) 2ROIHEL. ARCZEY O
WEFEERMBZ N TESD, BHOART £, U XA
N—Bo—RBEREO 3 KEHRL LTHALRATVS, Th
LOEREHMAELECRBEERTIHE. BRERE
LRI SUEICE > TRl A Z Lt L B DD,
ZOEHELETARMICROE D Z L IXARSHAHED
AiFEOF BTG L, TR E SRR A LRSI
F LBV S FENBEEOFEICHE TS, BEOCHR
EEACBT AREOREERIS LTORIEER
LT, AFECRBEEOFELAVDIZLICTS, R
BEc kBRI - 2N T A T L VAR
BMBERITHZ Db, BilickiT 2B RKHE
FHRULHTZLZHBELTVS,

BREFROTIISHEELEMR T 55T (alphabet) 23
HY ., LERFORBEFIOARCETAHAEF LT
5, HEHEHE HREEL FRCROES 2Dt =7
HET BRI DIOORETFREHEL, EDICTOR
BFNCIFET AR HETH LI D, BREBL
B A CEOHEIX, REOHBERER LTCRED
MBI B 3 &M RER (N-gram) BAVLNR D, B>
T, AHETIIBEEZHRTILOORSHER, £OL
TOXHEOHE., E#EEEOFIEOFEEIT R,

ST IC BT B REROBZ [2]. [3]. (] R &
BWTH, E& LTERICE 2R8I (HEREE, =
Fr -, —HESRY) BTRbhTERER, Kl
THBFCEBOBESICER L. ZoDRERE (7
N—h, Ty A4FD ) OHBHRTEEEZECTEOR
PEEREFT S,

LT Ofidko L5 THERENTVS, H2ETIIE
ARy A ORH L OFBEOBRVEFRT

5D OEEEC SN THRARS ,, 5§ 3H CTHIMEEOESR
PR 5 2D ORBRFIE, BEHC W TR~5, §
A TIXERER L T OBRICONTERS,

2 EERFHEANY ML ERST N ILERER

2.1 ERIFERATIEMT 4R

B ORBEHRXL LT MIDI AV ZEEL
7=, MIDI data file M T—FORHALKXEZ L
TELMRIZERLTRBY, A ¥—Xv b LT
RO NVOBEMT - EERBCAFTED, Hiz
IZ http://wuw.ses.ele.tue.nl/midi/ Zik. HHO
MIDI B R — L= ~DY I BH 5,

2.2 MIDI M5 plain text ~DZH

MIDI data 82> 5 plain text IZE# L CREFHRE
BefEifb 55 = L BHRETH B, MIDI data FEEAHH plain
text ~OZEHIZIT, FRFTWETE PMML [5] 0F# > —
AEFIALED , BL, Rl ORI ICESERLRZD
MIDI AR F AR TREAFRETERY HLE,

ZMa—F % note.pml £ THL LLTDI<w KT,
REEL, BE, B, ERME T —AFETHL
a—FRHHEhD,

PMML % 7= Z#
I % pmml -i note.pml -1 <MIDI 7 7 A /4> l

31 THR% BWV1013 OF—FE % plain text I
FHRUERO—BER LT T,

# 1: PMML &AWz E#OH]

BEERZ TR WS RN
120 76 100 120

240 81 100 120

360 80 100 120

480 81 100 120

600 84 100 120

720 81 100 120

840 76 100 120

960 69 100 116

1080 76 100 116

1200 81 100 116

Z T, RERZIT /MR 1920 . FEE 60 RO

C4 (261.63 Hz) 2 L, ¥F%& 1 LB, M0 (EF)

b 1925, Wk —Ei% 1920 L LTS, ZZT

1920 = 25 x 3 x 10 T2EH. 20ER. ANEH. 8
13$#01Z http://cglsund.u-aizu.ac.jp/pmml/ SR,




SER. 16 QTRBLUSHEFRELREATHZ LN
FRETH D,

2.3 EHOBHE
SR L LTUTREL NS,

1.

%
I

2.

o
wn

3. FoOMX
4. @ —F (T - fuf

ABETE, AT 4, VXL N—FT=—D 3 BEREO
FELHETROWER (AuF 1) KEBTS, FmoH
BiIED MEMEL L&) R IHEBRELLE) TEFRT
ZERTHZLEZDNS,

EREAVEHBREL LT KOLIBRHOBEZS
n3,

o HERHITRTEES
o EHLENEER
o TEO—WEES /TS

HLEBPBBEEINTHLR—DOEIZEZ 2 501X, FO
HOMABEPRESNDIPLTH D, #oT, FOiExt
KBS RER OREERTOTCIX L, ERTAEHD
HOHEKMBEREBSR TS Z L BRLETHS, b, HiEE
I TBHEAE] TRIFER LRV, s 2BRDLDDT 7
MEE T 28, #HEET 5 r BOKMOETR 21,20,..., 2,
R BB f(21,22,.. ., 2) WU TOMES
oz Litizs,

flx1+s,23+s,...,2. +8)= f(x1,22,...,2,) (1)
BHHIL LT f(21,29,..

L) B o21,T,. ..z, DLEER

T
fEn, 2,2 =Y wi,
i=1

LB e, R (1) BT LT ORISR S ENS,

T
> wi=0. 2
i=1

r=20B&. w = lLw =—-1.r=3 DBA w =

Luws = ~2,ws = 1 REBZOPTHY, ZhbiZEh
Fh 2,3 BOEFITHIELTWS, & 2 CTAHE CIL,
it DT B F I OESROERILE N E B2 R
5245,

BRRE] REMEZES - & OFRE LT, %
P BIE S NIFEHED RO SR (F1) 2EHT5 = &

BTEBRZLTHD, Rl 51,8, »oHH Eh TBH
RE] RGER f(x) OHORMEE F, Fy L5, #
L HT- /28l Sp = 51 + S, OIFBEORME F, KB
LCTFORBY S22,

Fo=Fy + Fs. (3)

T AT B OB TR K R EANBLTHED
NEBBEOEORRE . 22— L THE L RH
E—ETHIEITheB?,

BT ERO—PEES HRE L T2, —BESD
EORRYOH (ZhE N LT5)8, wbwd, F&
L) EEE MR T B EES (alphabet) DR E & L7
5, —HESOBEORRVOBIT 2x N &b, —RIC
r BEESOEORR VORI r x N ERBDT, BEE
ERRELRBLILRDB, ~BRUCEEERZ < h
B ORBCHT M BOHEICHLEL RIBEAIR
WRTB,

FROES TR T2, FBRBL L 7p 5 5l HiEk
DbD, bLLIE, 32THRANBEFMA—AEZHEHALT
BohiHiEkeERTS,

2.4 RFHERIMLOHEY

FRO—MES L ZHEEST, FRORRS X Ikt
LTHATEHESRS,

X = (21,22,23, . .., Ln, Tng1,Lng2, . - -),

o —BEES

A, = Tnt+1 — &n,
o —[EES

2
An =App1—Ap =z, + Zpt2 — 2Zn41-

Ay =(0,£1,42,...)) DfEE L B, H2ORE (dE) ©
Flh P COMBERERD T, HEMREEHEE U TR
IRNETD, ZRESTHT D HBREE L H LR,

2.5 #HHARY N ILEOES

BRMFIRD T HBBERB ORI bV E pq &
15,
p = (p1,p2,p3, " *,Pn)
g = (91,92:03," ", qn)-
ZIT, pi, g WERLE  OHBRERETHY . p; > 0,3 pi =
1 THd, pgqg HOEZERZFEILTDDIHEH~7 b
NEOEMEENT 5, A#E Tk Buclidean distance
(=—27 Y v N i) & Kullback-Liebler distance (KL
HHE) & BT 5, BT CF 4 DERHC YW TH~3,
2 BRI TESMES R R B O THRENEL S,




e

o

8
T

PROBABILITY

~-—  BWV1013 (Flute)

0.050 1

0.000 I I ! I I L TR
50 -40 30 -20 10 0 10 20 30 40 50

2ND ORDER DIFFERENCE

B 1: BWV1013 OBz Ix4 5 HBmkR

2.5.1 Euclidean distance

Euclidean Distance % A\ 22 b VIBIOBERE Dy 12
UTFOXK () TEBIND,

Dg(p,q) =, Z(Pa’ —q)? 4

Euclidean Distance Dg(p,q) IXEEBEDAETH DL
T3 -OWEER,

Dg(p,g) > 0
De(p,q) = Dse(q,p) (5)
DE(I’:Q) S DE(p,r)+DE('r,q)

2.5.2 KL (Kullback-Liebler) distance

KL f5#& 2 A~ bEIOERE (Dkr) T
TR (6) TEREND,

Dk11(p,q) = Zmlog% @#0) (6
i=1 d

Z 2T, KL F BT Kie 2y (Dr(p, ) #
Dxri(a,p)) P, Dkri RAWT KL2 ZETOR(T)
TE#ETD.

Dkra(p,q) = Drri(q,p) (7)

—fIZ g DV OPRITLOMRATITIE 0 ZHATVD W
M3 B D THEE (A) TRAB 7 7Y v/ E AT,

3 SEREMLFMRR

3.1 ZEEREM

AN EBRIC 13K 212R T 1.S.Bach fElIZ X 5 HOD
Mg AV, DIBETIRA 4% BWV HEETRHREZ L &
T%, BWVI013 7 —F CHEESL EHTHY,
BWV1001 725 BWV1004 X344V U CHREBINDH
HThsd, 2NLIZHLTERETN 3.2 HiOL—ACE

SE, BHERLEETRD, RPOMEIT L TREDK

EROBLRR->TWHIEBSNS, K234, 5T
BWV1001, BWV1002, BWV1003, BWV1004 2645
N RS OHBEHRE (B A NS T A) 21T,

# 2. EBER
i HE | BRE
WP T L— kY T H 1-4| 2743
RNVT 4 — B A% BWV1013
BHEET 7 A(ZY 1-4§ 7202
V> EE1E NER BWV1001
WAERT 7 A4Y 1-8]| 7634
SOVT - FE 1% T BWV1002
MR T 7y AAV 1-4| 3617
VF2E2%E AEH BWV1003
R T 7y AFY 1-5| 4713
FVT 4 — B 2% =R BWV1004

——  BWV1001 (Violin)

uom-so -4 30 -20 -10 0 0 20 30 40 50
2ND ORDER DIFFERENCE

2: BWV1001 O &SR 45 HBRR

PROBABILITY
2
3
t

—  BWV1002 (Violin)

0.050 |-

0.000 . fl | I i i I !
-50 -40 -30 -20 -0 O 10 20 30 40 50

2ND ORDER DIFFERENCE

[ 3: BWV1002 O _fEzE5oxbd 5 HBmE

3.2 HEFLOIL—IL

ARG CIIBEEORBOL RS Z & & Lids, Ur
AFY CEBSNDZEMOFE, Y ulBETH-TH
BEOGHRARICET T L B3H D, €I THEOE




3
g 0100 -
a —— BWV1003 (Violin)
0.050 -
0.000 ! I I I H o FI—
50 40 30 20 -10 O© 10 20 30 40 50

2ND ORDER DIFFERENCE

X 4: BWV1003 D FEEH x5 HEmER

g
g
]
0100 |-
(9 —  BWV1004 (Violin)
0050 -
0.000
50 -40 -30 20 -10 O 10 20 30 40 50

2ND ORDER DIFFERENCE

B 5: BWV1004 0 R4y IR § 5 Hisimes

RARBETIESR, TOPORLENEERY, B
FRBEEITRY,

M 6l B OE&RE R, £ (b) BREFSIh., KiC
(a), (c), (e) BREMHEFENLTND, ZOK, (), (¢),
() PHTHERLEETH S () 2MB, BRI (d) BEF
aEhd, #oTZOHA. EREIX (b), (a), (d) PIETH
FEEhieT5, BFEHOMRE (KIER) 22V TIEHBR
Lizv,

3.3 FMEAE
REICHER SN AR AR FIRERB 2D
DFHETHMT S,

3.3.1 RBARYIC & 5 EHE

BB T AR IEM OB RS0, HHEE
¥ (R) 2R3, MBREIUTOLS CEREN D,
Tn,Yn WTIX, B2 OEBEOHERREEAS,

2 Endn
Rz, y)= =7 8
) W, ®
BL. BAFTORT 2,,9, EERRIND,

i’nzmn_%zmn; 'gnzyn_"jl\?zyw

TOBE, RiIZ -1<R<1THY, UTOMERHD,

Pitch

+~— Time ———

B 6: BEFLAEOEE

&  EOHBERE
& AoHEERE,
& A

R — 11TEW

R 1iEw
RN QLW

3.3.2 HFIULEIZLHFE

TR T X 5 . EHOHEREREND A 7Y S8
BB TFAY ND accept WE I T Y HD reject
L DEXIH K & 72 BIEIC threshold ZFREL. AT
VN AT B~OSEEEHETS, ZZTHTH
Y lik, BERENRTIA—PLEEShSEHLET 7 A
FY U EEEENRDZEHDOZOTH D,

&

w

£l roject \accept
| rate intra
g inter category
i | category

<L

o

TS .

= optimal

2 threshold \

-4

.}

(&)

THRESHOLD &

7 A7) B K DI OBE



4 FHMEEERER

4.1 EEOHEHKE

—PEESy . ZHRESERFEELE U, Euclidean dis-
tance, KL f§#&%E AW~ 7 M HEIOEREZE 3N
R OITRT, ZRESICKT R KL {FHREE AV EH
R (R 6) 2, HUCHATEBRICRERETHD Z LMD
5,

% 3: X7 pVEOEEE (1st-diff, Euclid)
BB © Euclidean distance, ®i8& : — =S

1013 || 1001 | 1002 | 1003 | 1004 |
1013 | — [ 0.0701 ] 0.0625 | 0.0629 | 0.0836 |
1001 —— [ 0.0804 | 0.0889 [ 0.0704
1002 —— [ 0.0510 [ 0.0760
1003 —— | 0.0657
1004 —
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BEAE : KL {630 E, 50 —FEsy
| [ 1013 [ 1001 | 1002 | 1003 | 1004 |
1013 | — [ 0.3086 | 0.2352 | 0.2356 | 0.3047 |
1001 [ 0.4130 0.3130 | 0.3069 | 0.2444
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1004 —

# 6: <7 MVHIOEERE (2nd-diff, KL)

VR : KL W, SE - TRy
| [ 1013 ] 1001 | ooz | 1003 | 1004 |
[1013 ] — Jo.2903 | 0.2202 [ 0.2293 [ 0.2672 |
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# 10: EFEREERBAWZAY bV O
BERE : Euclidean distance

] [ ro13 ] 1001 | 1002 | 1003 | 1004 |
1013 [ — [ 0.2341 [ 0.1976 | 0.2103 [ 0.0924 |
1001 —— | 0.0681 | 0.0656 | 0.1702
1002 —— [ 00877 | 0.1278
1003 — 01418
1004 —

#£ 11: EFESbiEEAVic<2 bV ORERE
BERE - KL RS

| [ 1013 ] 1001 | 1002 [ 1003 [ 1004 |
[1013 | — [ 12712 ] 0.8715 | 1.0308 | 0.3732 |
1001 || 1.4614 - [ 0.4041 [ 0.3548 [ 0.8915
1002 || 1.0896 — | 02178 [ 05754
1003 || 1.1650 0.1649 | — [0.6420
1004 || 05053 0.7037 | 0.8703 | —

0.4588
0.3807
1.0482

#£ 12: EFEREE BV 0B 0N

EHE threshold | ¥R (%)
EFiIZLD Euclid | 0.17021 87.5
EHE KL1 0.64205 79.2
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# 9 B UL bV EDER

| [ 123 | 34 | 134 | fi24 | 1001 | 1002 | 1003 | 1004 ]
f123 | —— [0.2321 [ 0.1976 [ 0.1000 || 0.3266 | 0.2483 [ 0.2455 | 0.2949
1234 [ 02215 | — [o0.2871 | 0.1799 || 0.2906 | 0.2182 | 0.2475 | 0.2425
£134 || 0.1853 | 0.2851 | —— | 0.1262 || 0.3153 | 0.2887 | 0.2641 | 0.3178
f124 || 0.1261 | 0.2121 [ 0.1665 | —— || 0.3000 | 0.2490 | 0.2532 | 0.2852
1001 [[ 0.4387 | 0.4035 | 0.4388 | 0.3998 | — | 0.3040 [ 0.2020 [ 0.2818
1002 || 0.2843 | 0.2544 | 03324 | 0.2694 [ 0.2685 | —— [ 0.2123 | 0.2219
1003 || 0.3128 | 0.2853 | 0.3317 | 0.3008 || 0.2630 | 0.2314 | —— [ 0.2365
1004 || 0.4109 | 0.3360 | 04253 | 0.3715 || 0.2718 | 0.2551 | 0.2763 | —
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