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FMS(Feature-based Modulation Spectrum)& ©]-83lod FE% = FMSFM(Feature-based Modulation Spectral
Flatness Measures) 2 FMSCM(Feature-based Modulation Spectral Crest Measures)& X 3$&}H |
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n=~>0
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FAMS, (kym) = Z X, (k,plexp(— j2amp/ M)
PE Py

o L
FMS(k,m) = — Y FMS,(kym)

t=0

o714, T+ % Texture Windowe] Foli, X.(k,p)E tHA Texture WindowtHe] pHA U] Short-term
EAol kA 2o]l1, PiE tWHA Texture WindowWo] 3+ Z#|de] F5o]a, M2 Modulation Fourier—
transforme] Z7]o]t}.
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MFCC(Mel-Frequency Cepstral Coefficient) % DFB(Decorrelated Filter Bank)E ¥33}aL,
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FMS(Feature-based Modulation Spectrum)& ©]-83lod FE% = FMSFM(Feature-based Modulation Spectral
Flatness Measures) 2 FMSCM(Feature-based Modulation Spectral Crest Measures)& X 3$}&}H |

7&7] FMSEM B FMSCM2 ofef efAom Aojelw gof v W
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2\'; FMS(k.m )
FMSFM(k)= ; ;721:0
FMS(k,m)

max (FMS(k,m))
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FMS(k,m )
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e \ 1 i ‘
FMS(k,m )= — E FMS,(k,m)
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A7) Long-term 574 WE]:, FMS(Feature-based Modulation Spectrum)Z ©]&3}le] &%+ FMSFM(Feature-
based Modulation Spectral Flatness Measures) % FMSCM(Feature-based Modulation Spectral Crest
Measures)S ¥33lH, 47| FMSFM 2 FMSCM-S of&] =gt oz A= 4= t}).
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o] 714, Tx % Texture Windowe <o]il, X.(k,p)= tW# Texture WindowHe] pHA Z# A9 Short-term
E49 kAl @403, P tHA Texture Windowfoll 23k Zef|le] F4o]x, M Modulation Fourier—

transforme] = 7]o|t}.
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2 AGRE(160) = AHE(150)7F A8st 49 54 9HE 722 7 & 27 EEdS AT, FAEA
A2 (Classical, Country, Disco, Hiphop, Jazz, Rock, Blues, Reggae, Pop, Metal SO & 84 4 ¢
o EFF(170)E 2 AAHR(160)7F A 2 BF RS V|22 H2E oA F=E53 4 HHE
o] g3t HAE o9 FH2 Tk FEE 9AU]E o]&sle] EFIr)

olstol At B el A
A Ew e,
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T 2¢ B oago] AAde Mg Sof BF W sA=ott

2 el AAlde] wE ok F2 Q2 e, JAHSR i EdS s AT E5aAs AdE 2
48 53] JHE HAE o9 F2 ke FEE BEFE] 93 HAE dAE X383t = 26 Yeld A
o] shFdAlE S210 WA S250 @HAlE Edebal, HAEE WA= S260 WA S300 GAE EFET)
HEHoR ot A2 e FEE BF/I] HsiAe oty 2 e FEE JAASHE Alo] AdgE ook 3§
o ¥t F2 Ee FEE QA Y5k, oY BF RS 48] Aok gt

o 2 AAE HsiA B qE Ao wE FoF BF AX(100)0F WA 7 F29 Sold s &
A WEES FEed, 53 WEY FF 2+ Short-term LLong-term 5% #ME, LSP W3k¥ Short-termo] o
st 2E 54 g E xgett

T 32 dEHE 2o 259 gy ot} 4% Analysis WindowE A™3al7] 93 EHo|n | & 5% Texture
WindowsE A7 3}7] ¢lgk =¥elr}

% 30 =AIG vRel o] IHR(110)E B3t &of 457t 4, Short-term 5% FEF(1200F = 49
22 Windows EallA ZHYE Short-term 574 HWEE FFIUTH(S210). Short-term 5% FE5(120)& 7+
2 (Analysis Window)el Al %% Short-term 5% WEE 7|22, % 59 Texture Window 7S ©] &3}
EAA B4 AEE FE30. 544 EHS H(Mean) T FAF(Variance) FolA FHolk sy x93t}

olglel A=, Short-term 5% HE] dFst= = 5& (Timbre Feature)S FE3h= ©A(S210)o] dis] o=
FABHA g gkt

Boago] slye] AAldo] wEShort-term 54 F&
Frequency Cepstral Coefficient: MFul4 MAEH 7
= o] &3t

DFB(Decorrelated Filter Bank: A#7Aa " W3), S99 2159 EAS octave band B&E YERHY, S9f
2o AFE-E = 0SC(Octave-based Spectral Contrast: SEFHEZ|HF ~HEY ZEHXE)E XETFTIT]

o EERIA R SR e F R AR E S MFCC(Mel-
, mel-scale band pass filter®} high pass filter

olah &= 6& FHxato] MFCC Fare]Fel e it

By

Heo) AAolol W WFCC %S ol &F 5 & BEEo|T)

rlo

=6

Lo

WA, Short-term 5% FHHF(120)= A7 =deloA] ZF Z# o Hamming windowES %€ 3 Fast Fourier
Transform(FFT)& 33ttt 1 & wl=9] 47} B7HQ] Mel-scale Band-pass Filter® A#HEHS ~7ALH 3+
T 7 =FEY JFFA F WSy ..y B T I F o] Fol logE AEIFH(1<b<B). viHTo =z,
Short-term &% F%%(120)= 7} 7}5%] &of Discrete Cosine Transform (DCT)S #-&3lo] KA¥< MFCC &

4 e g FE9d.

il

o

Short-term 5% F&5(120)7} MFCCE o] &3 FZFste 542 ot 734 12 HFoHr).

814 1
) 5-1 ] [ = |
MFCC(k)= ¥ log{ WS(b))cos| k(b +05)|, 0< k<K
b=0 VB /
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ggo®, = 75 #%3Fe] DFB(Decorrelated Filter Bank: A#-zta e W)o] ojal A=},
T 78 B agol AAdo wE DFB dugEs o83 EA F& BELo|t),
Short-term 5% F&3-(120)% DFB 4aal&S B8 MFCCOF w7hA = 7 wied ~
logE #83te] 1og(WS(b))(1=<b<B)E At i, = 73 o] wpA2t el A DCT
High-pass—filter Hlz)l=1-2"'= =357 s}, HZE2H o ZShort-term 54 FE5
9} Zo] DFYe] DFB 54 HEE FE3).

::
Do
e

b
(o3
o
i)
lo
JW
Jz
[\

¥

34 2

DFB(d)=log{Ws5(d+1))—log{WS(d)), 0=d=D< B

So®, & 82 FF3to] 0SC(Octave-based Spectral Contrast: ZE}H 7|Hl AHEZ IZEZAE) Us)
g gkt
T 8L B ool AAlde] wE 0SC ¢augFS ol &3 5H FE EFolt).
0SC¥ MFCCY DFBS} th2A Az mdo] obd 2ElH (Octave)E 7|9 ® EAS F%3t)h. Short-term 54 3
=5-(120)= 0SC ¢agES ol&ate] 7p W= A3 EY ] Peaks} Valleyhs s 574 #WEE FE3h
AAEY | 23 Valley:= Non-harmonici-E3 dHHAT}.

th-Eo]  ZotollA 73t Peakt Harmonici-23F
wabA, 0SCE =" AFEO Peaks} Valley#ts o =4, S92 Harmonic¥ Non-harmonic A¥&
vepd 4= 9.

% 8o LA mEe} Zo], 0SCE MFCCY DFBeF vh= A WlAAY wi= s~ ZHE](Mel-scale Band-pass Filter)
£ AbgdA 2o, SElE A W= gl FE(Octave-scale Band-pass Filter)ES ARg&3Ich B o=
ol & 13} o] 870¢] Octave-scale Band-pass FilterE o]&3tt},

[LO

F 1
Band Frequency(Hz)
1 0~100
2 100~200
3 200~400
4 400~800
5 800~1600
6 1600~3200
7 3200~8000
8 8000~22050
g o] dolo} FFT ¥RIEVE No& & wf, 7z} =g Qle] o FFT 2IEHLS {x;, X, ,xy} 2 BT F
k. idHA wz=o I FETEQJE 7 Kiol®, idx W=e] AHEAL {x;, xiq, X2 Zo] o
9 4 Itk Peaksh Valley® 73171 1504 64 7t M= 2qEds gAdees Aean. WP 4
oA el ~AER {xH,, xH ., xBgre 7HAL, oy A& o] &3te] Peakd) Valleys: F5
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[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

on
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74 3
I' J_ Q:Z]E{: ||
_P pu— l. y OF J !
1 | . 1w
| OI‘LE i=1
sep4] 4
f 1 o d .lll
V, = log B
! |y 722;%_ WH I 1;
471N ats 8 gkel Welo] W@ ASFEA 0.02%E 02714 AP A% ot Aol FLF L v)AA

%+ vk, 0.022 AAsI AHEE F vk, Feh] 3 E FE] 4ol A Sk P eak%bjr Valleyate] ztol&
o] t}&-o =8k 59} 7ol Spectral Contrast(SC;)E -3ht}.

st

0SCE o3 #o] I7) wl=o] )3+ Spectral Contrast®} Valley {SCi, SCs, --+,SCi, Vi, Vi, -, Vi}& 54
H2 AR fv. & e e, 8719 =S AREstr] wdel 16xF 05C 54 #WHE AHgskA dArtk. id
A wi=o] thafA 0SC:= Spectral Contrast®} Valley= {SCi, Vi}¢} Zo] 54 WE 2 AFg3}A =},

Short-term 5% FE5(120)= v9 4382 6 2 4314 78 3} Analysis Windowoll A FE%

B FE(u () A0, (K))S FEHT,

4

i)

A

#5296
- 1*”21 o
k)= — D, X;lk,p)
P =
T4 7

or (k)= % E (% (kap) =, (k)

zJ—U

A7] Fskaof A X (k,p)E tHA Texture Windowoll pH A Zgde] 24 & (Timbre feature)®] kA 24

o], P+ Texture Windowekoll E3tel & g9 Jfg=o|t}.
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[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]
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tHA Texture Windowoll T8l A 54 #EA u.(k), otz(k)t— AA Texture Windowell thsle] z}z} A+

2 b obd #8148 W o4 9t @,

7914 8
, T—1
— . 1 )
k= — s L k)
I'y=%
784 9

2]
=% Short-term 534S ©|&3}4 g-term EAS FE3F(S220). ©]8} Long-term =

skl 99} 7Fo] | Short-term &% FE3-(120)7} Short-term 545 %3}, Long-term
= Lon
A Fo] el Hx ~FEZ (Modulation Spectrum)S AR f‘f} 29 E E4 (Spectro-temporal Feature)el] th
e
=

B odlmo]l AAldo] wEW Long-term 5% FEH(130)= WZ A~ E¢ (Modulation Spectrum)g AFE3F 573
WE] 2 MSFM(Modulation Spectral Flatness Measures: W% 2FEYH IHEYx FA), MSCM(Modulation
Spectral Crest Measures: WZ AHEY JY2E ZH)E F&

o !
e 1>
o

w3, Long-term 574 F%(130)= A7) MSEM/MSCMS 719ro. &2 FMSFM(Feature-based Modulation Spectral
Flatness Measures: EA7]¥F Mz ~dEZ ZgEY2A =4) 2 FMSCM(Feature-based Modulation Spectral

Crest Measures: ER7|HF Wiz ~HAEY JYPYXE FH)S FE2 = Ur}.

BN
}
é

MSFM/MSCM-2 <E}H. W= 3}(Octave Band Sum: OBS)2] WZ ~#HEH (Modulation Spectrum)= ©]

2 oago] AA|def] w2 FMSFM/FMSCM-2 FMS(Feature-based Modulation Spectrum: 57 7]WF Wz ~#HEZ)E
o] &3l FZHrl. Long-term 53 FEH(130)+= FMSE o] &35}e] Z} Feature Dimension@ZE WHZE AHEH
(Modulation Spectrum)< FZ3dl=t], ©|Z %3] Z} Feature Dimensiono] A]7ke] ulg} ojw A Walsl=x=
AUt

S220tAlel thate] T AAlstAl A, WA Long-term 5% FEFF(130)& o9 82 107} o] FMS

e

il
o
2

J?l',

34 10

FMS, (kym) = :5:] X, (k,p)exp(— j2amp/ M)

pE P,

714 X (k,p)E= tHA texture windowl o] pHA T Ao S EA(Timbre Feature)® kWA Q4o]al, P,

= tHA Texture Windowe] <3+ Z#ele] F Frolar, M WX Fdo] Wa(Modulation Fourier—
transform)®] =L7]ojt}. 18]al Long-term 5% F&4-(130)= A Texture Windowell thale] ol#e} o]
T RISE FEa,
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[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]
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o4 11

FMS(k,m '——ZFJLS kom)
t—[)

]7]A T % Texture Windowe] 7§4=o]t},
A3E o] &ato] FMSFM/FMSCMS tH&-3} 2

_
o

=)
4
o
b
_
-
o

gSo®, Long-term 574 FE5(130)+ 532 EL
o] F&3t},

s34 12
M [Mi2-1 |
o 2\ 11 Fazste,m)
' | m=0
FMSFM (k)= 5 M1

FMS(kom)

#8413

max (FMS(k,m))

]fn—l] _MT‘ZA-—I
FMSCM(k)= T Ep

2 — _
Y. FMS(k,m)
n=>0

ok 12014 Aabel PMSEMO] 2EFi(dlE 59 0)2 SH(AE 59 1 e 10139 g2 Z42F w3t IS
Peakiness®} Flatness& UERATE. FMSCM2 FMSFM} whofje] g3k ®lvh. whek kHA FMSFMo] w9~ =2 3k
S 7T, 4F Sl kHA Modulation FubErt HEEE = WS 7FAIT)H

Long-term 5% F&5-(130)+ MSFM/MSCME F&3}7] 98l Octave Bandtie] oliJ=]21 Octave Band Sum (OBS)<
AR-g-ghe),

AR
X0

& o 2 AR XY H(140)= Short-term &4 FEH(120)04 F&% &M EA(Timbre feature)S ©]834]
A SAF(LPCO)E FE8tL, 59 AFASAFAPOZ #7] 39 ZL(AR 22)= 2dyste] 2471 &
7}¢l Short-termol tidh M2 54 WS AA3TH(S230). ZE]al, AR R R(140)E MES 54 HES

LSP SetrlE 2 W ag,

olgll = & 95 E3&to] S230 WAlA LSP WS Short-termel thak 4 WEE A= FAo| st
o% AAEA A s,

T o9& B o] HAde whE LSP WE #AS AWstr] 93 =dott.

n

R Rda 5 (140)E modulation spectrum¥} FAFSIAIRE F2]o] W3o] ol #WI<E(levinson) L& E o] &

@ n
N
Fol A 7F3=9] A3 o= A< (Linear Prediction Coding Coefficient, LPC)E F33T}.

=

ol
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[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

agla, E 99k o] AFA=AF(LPC)E #17] 37 E2D(Autoregressive Model, AR Ed)S Z&) Rd=shd
719 Short-term5d #E o] W3} 7t F7hek A2 54 #E 7} ‘3*3%‘4.

g S0, 99 Short-term 53 HE7F 1329 A, A7) 27 RAUR 2D)E o]&3H 1007} S
1303459] Al2g 54 e Ayt

gy, AP dSAFLPO) = tholy® # 1Al (dynamic range)7t Z7] wiZol 12 o7} HAE & glomz,
AR EERFE(140)= A7) 39 ZE(AR 2d)d o5 A4 A2 54 9EES LSP 2 E(Line Spectum
Pairs Parameter)® W#ste] 7} F2/F= W 2dS Apigeir,

LSP sehmlE = tholube] #AA 7 AP ASA (PO R FdlHoR i, Q1ds LsPe oA Agle] s}
= M“Eéu E(pole)? A&(zero)s& BEsH F5F 4 AJomR AHAFAF(PO TS At 45
Hjgto] 43 s 7k

ol¢} 7+o] Short-term 574 FE%-(120), Long-term 574 FF3-(130), AR REYR(140)= 2tz 5% WEHE
AR, AA AzEoA FEEHE A 5 st 54 HEH= OHH 328} ol AT & QT
#x 2
Feature vectors Dimension

Texture window Mean MECC 13

DEB 13

0SC 16

Variance MFCC 13

DEB 13

0SC 16

Feature-based modulation FMSFM MECC 13

spectrum DFB 13

0SC 16

FMSCM MFCC 13

DEB 13

0SC 16

Feature-based LSP MECC 130

autoregressive model DFB 130

0SC 160

Total 588
ol9} Zo], 3F{ 204 Hi= wle} Zo] Short-term 5 FE5(120), Long-term 53 FE4(130) ¥ AR =9
F-(140)% dg€d Sotol tiste] 583709 54 wWEE AT 4 k. =, Short-term 54 FEF-(120)=
S210et Aol A A et AHH, Texture window 71 B35te] dHE St A& FolA 13719 A= Zhzhol dis)

=l g 3l

o] MFCCS] H #t(Mean)oll that 13719 5% ¥¥
(Mean)oll thdt 1370¢] 574 #HEE g=53r).

, 13709 b= Zhzhell dhste] DFBS] W+t #t

Z18]al, Long-term 5% FE5(130)E S2209+-Al0 A A3k A ¥, Feature-based modulation spectrums ©]
431 13709 =4 Zbzhe] diste] MFCCE] FMSFM b= 13719 5% WY E g 58tal, 13719 25 ZZel ol
o] DFBS] FMSCM AAkEl 13719 &3 WEHE =3

npRZFA 2 AR B R (140) = S220%tkAlol 4] A et Z1AH | Feature-based autoregressive modelS ©]-&3}
o] A7) 1082 S7HE 130702 xb4= Zhzbell dhabe] MRCCE] LSP ¥ghe 130709 5% #WEE 35 ta, 13070
o] b= Zpztel] diste] DFB] LSP W ghe 13070e] 54 e & g53r).

ggog Ex HUR(150)= FZHShort-term H=E Long-term 73 WE Fo|x A9 EA WEE A9
(feature selection)3tt}(S240). 1714 49 &4 g QA& 7IE@HREY =2 54 WHE ot}

oo} Fro] M Wiyl AAjdo] mEW F e @], JA 5 WHE FolA A 9ol ugdse 54
HEE Aggozn, AAES PPA7IL ALES E9 ¢ du. % 28 o2 E¥, 54 A9E(150)+ 8
53 58879 54 HE FollA QalEo] 3 160719 39 54 WEHE A9t wakA, HAE wAlA
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[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

on
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t FEE A4 535 FA4 53 AGR5009 o)) AuE 3] 53 Wewe] 3= o] A,

aga, Bodgo] AAlde wE 5 MER(150)% Best-first search®} Support Vector Machine(SVM)
ranker& ©]83t WH & S5t A &Hd dSske A9 5 dEE A9 = Q. &, 54 Ag9E
(150)& SW-ranker#H=SWN Q121715 o] &3lo] Zt EAER 7HX| & 7lsle] RankingS wiA 54 WHE A9
e 4 g, SW-rankerE F31e] Rankings wi7|& 71ee @A &olatA AN ¢ e UEolBnR
AAS Ao g},

teom BY A4R(160E A8 49 54 WEE olgad gote] ¥R mae ARATHs20). TAAY
#+2+= Classical, Country, Disco, Hiphop, Jazz, Rock, Blues, Reggae, Pop, Metal o= &= 4 Ut}.
FAAY B A A, 2 APRADE F50 39 59 AT ololel fole) 4 g
ags Syt S, 2d AR (160)E 247t Sof A2 tisste A9 53 e & s 153

e

ao]'r_—i =
dlo] 7t AmMw w9 AU
19}

wol ¥7 mwalo] A4HW, 4P HAE o] g2 Ei T

[
il

A

a7l $1% H=E dAZE Jgd

c}.

wA, = 29 Zo] BF g4l = HAE o Alart 4¥EH(S260), &oF BHF(170)+= 4EE &of A
SoA A9 EA wEd EdEE=Short-term &4 #E Long—term EA wg AR 2uld] o3 AAE AR
Ex WEE £x3 o087 FE3rH(S270, S280, S$290). =, ¥ 29 A9olE, 29F BFR(170)E= 5887 HA
gzt 54 WEHE =53 davt glo] 4 =4 oH”o} 160709 574 H“Eiﬂ S FEIY

gk MFCCe] it Fh(Mean)oll wiske] 13719 x4 FollA 1, 4,
4 9ol xgETa JPsY, fof ERF(170)+ 494
PR

NS FEotes T

o714, Short-term 54 #MES FZE3F= WA, Long-term 54 WEHE FEsl= A, AR 2o o AAH

N2 Ex WEHE ZZa= 9A(S270, $280, $290)= A¢ EA WEd 3|@3lE Short-term &4 WE,

Long-term 5% WE, M2 54 WEHE F&3vEs S AQsta 7] S210, S220, S2309F AdHo=z 54
g

3wl SEEE Ay AeFic
wek Aol Ao FoF E/FF(170)7} Short-term 57 ¥, Long-term 57 ¥W¥H, NZF 54 ¥WHE F&
3} Z(S270, S280, S290)°e. 2 AWl o}, Short-term 5% FE5(120), Long-term &% FE5(130) 2

R ERYP (1407 HAE H4e AH FBE FE Uk,

o, &9 EFF170)E FEE A9 53 HHd ddsts 5% WEE o83ty Rd AAH(160)7F A
Ao B 2ds vwte g eE HaE Zoko A2 iy FEE EFITHS300). 53] E il AA
mEW g9 EF5(170)=0ne-against-one S AHEste] &of F2 & F=& 278 5 3l

oj¢} o] & e *‘*Mloﬂ e HAE @A 9
=1

o) &
2

2 o] AAde] wE sl AFdzA o 42 R/ AT H/ME HSIGTZAN ulelE wo]x~9} MIREX F

= Ei

TZAN "lo]E] Hjo]~Z o] &3t1, F= o4& MIREX F= ¥ 2HE WyS ol &3t A

GTZAN-2- Classical, Country, Disco, Hiphop, Jazz, Rock, Blues, Reggae, Pop, Metal® & 10719 #H=2& X
el ZF A= 1003, 3 9 30% = 16bit, 22050Hz, Ra, AUSFY EH oz FAHolqt}.

#Z 3
77 Accuracy (%)
e R e
All feature set 82.4 62.2 588
+ Feature selection 85.0 69.7 160
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on

k1
)
()]

b b b kb
b b b b

Texture window Analysis window(Frequency) |

=6

Mel-scale Sum Feature
band-pass each H Log H DCT

Filter band
Mel-scale Sum Feature
band-pass each Log H(z)

Filter band

QOctave-scale

2
=

Peak/Valley select Feature
band-pass
. P and Spectral Contrast Log
Filter
EH9
K (feature dimension) k (feature dimension)
7§ | . L H | 2 aa]5]6 b= :T
3 - & H a NN EN BN Y i Zl
§5 s O B I - M 0§ 1S
- — s H -~ 1121314 ]5%]16% LR M 2
* ES = cdeenbeacess] | © o =0 M=
i —HEH o tlafaa]s]s g2 l—
T i tEHo — @B AR
tlf o - DY IR R S © E P - - w o o o
3 j: + — < |- - N = o1 |2]s
m - LL CLLE DL L LT CL S p—
i ] L 2 afa]s]e ER R
1 (frame) m (order)

CRE R R S

(287 1]
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