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( Musical Genre Classification System based on Multiple-Octave Bands )

( Karam Byun and Moo Young Kim®)
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mel-frequency cepstral coefficient (MFCC), decorrelated filter bank (DFB), octave-based spectral contrast (OSC) 5°] 2
), o]£9] long-term variation®] 7| o]&Hrt B =Fd XM= OSC §4S FEst=d JoA shte SEE W= H#al o}
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WEZ o] g3 Ayl GTZANZ Ballroom dlo]Ejulo]zol tisir Z+Z 040% EQESQ) 315% ¥QEL AT IS A48 &

AATE.
Abstract

For musical genre classification, various types of feature vectors are utilized. Mel-frequency cepstral coefficient (MFCC),
decorrelated filter bank (DFB), and octave-based spectral contrast (OSC) are widely used as short-term features, and their
long-term variations are also utilized. In this paper, OSC features are extracted not only in the single-octave band domain,
but also in the multiple-octave band one to capture the correlation between octave bands. As a baseline system, we select
the genre classification system that won the fourth place in the 2012 music information retrieval evaluation exchange
(MIREX) contest. By applying the OSC features based on multiple-octave bands, we obtain the better classification
accuracy by 0.40% and 3.15% for the GTZAN and Ballroom databases, respectively.

Keywords : Music information retrieval, music genre classification, MFCC, DFB, OSC, SVM
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1. 5% #HE2t dimension:
@71& AIAH”L (D) oF AJAH
Table 1. Feature vectors and their dimension:
(a) baseline system, (b) proposed system.
Feature vectors Dimension
(@ | )
MFCC 13 13
Mean DFB 13 13
0sC 16 22
MFCC 13 13
Variance DFB 13 13
Texture 0SC 16 22
window MFCC 13 13
Max DFB 13 13
0SC 16 22
MFCC 13 13
Min DFB 13 13
0OSC 16 22
Octave-based MSFM OBS 8 1
modulation MSCM OBS 8 1
Mean |MSC/MSV| OBS 16 22
sectrum -y IMSCAMSY| 0BS | 16 | 22
MFCC 13 13
FMSFM DFB 13 13
0sC 16 22
MFCC 13 13
FMSCM DFB 13 13
Feature-base
d modulation OS¢ 16 22
MFCC 26 26
soectrum | e | MY e T [ 2
FMSY 0SC 32 44
FMSC/ MFCC 26 26
Var DFB 26 26
M5V 0OSC 32 44
Total vector dimension 468 | 546
A Fu el g% 54 WEE 2¥ste] F=
e Aol FEAAA FREE Y PES AL
Atk %9 =42 ¥ 139 2ok

7}, Short—term feature

(1) Mel—frequency cepstral coefficient (MFCC)
MFCCE A A7z mdlg 7|to g 3 EXog
st ot &4 4o o] AgRTH MFCCE

mel-scale band-pass filter¢} discrete cosine transform
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(DCT) 9l&) ===t} B9 mel-scale bandel] th3l
A, A band®] 3+9] ~FE" Zho] S[ple} HH, k¥
A MFCCE v o] F-ght),

MFCClk

Z logS[b] cos(

b=

(b+0.5)k7r)

- 1)

(2) Decorrelated filter bank (DFB)

DFB& MFCCe vH7HA 2 314} ¢ <!
Ao Fz AEHA Y DCT Al high-pass filterS
o] g3 FZHrt MFCC vH7HAlZ band®¥ 7FaA]
& Skl T3 & 953 o] high-pass filterE
g3t FE3

o) Ao} &4

]
S|

DFB[k] =1logS[k+ 1] — logS[k]

MFCC7F DCTel 93 band®
DFB+ 7} band?t xFo]E ey

(3) Octave—based spectral contrast(OSC)
0SC F% Aldli= MFCCSF DFBoll A AHg-3sh= 4zt
2] mel-scale band thAlel octave-scale bandE A}
u}m. F 20 W] 22050Hz AEH F35FE 7
= octave-scale  band-pass )
single-octave band® T4 ¥ tH0~100Hz, 100~200Hz,
200~400Hz, 400~800Hz, 800~1600Hz, 1600~3200Hz,

29
43 d T3
Z
o

o o m~

filter+

¥ 2 Single-octave band®t Multiple-octave band2l
b e
Table 2. Frequency range of single-octave band and
multiple-octave band.
Band Frequency range (Hz)
1 [0~100]
2 [100~200]
. 3 [200~400]
Single-octave
4 [400~800]
band
5 [800~1600]
6 [1600~3200]
7 [3200~6400]
8 [6400~11025]
1 0~800
Multiple-octave [ ]
band 2 [800~11025]
an 3 [0~11025]
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32 25 A2 Wk o
3200~6400Hz, 6400~11025Hz). ¥  =FdA=
single-octave bandE A}&st= baseline NEN= R
multiple-octave band 2% E4& FZ3h= wpll
S FHH R ALSATh i 2014 HTo], =i
A= multiple-octave band F&S A, 4719

octave] < band 27 (0~800Hz, 800~11025Hz)%}

A Fa4 Hel global octaveE A&+ band 171
(0~11025H) 2 7402 o]-§31
2HAEZ S 99} -8 pandES o|&3ste] ZF band?]

FoE Wrold ¥, ugaeos gt k)
band®] ~HEHPE zlk]olet s, Wgaeon Ae
A zoede (o122 [N} elh o), k

WHA octave-scale band®] peak$} valleyES z+zt Plk],
Viklg} & wj, spectral contract: TFS3} o] it}

3)

bE o2 OSCE { Vk], SClk]
ool A] 733t peaki= harmonic -
valley non-harmonic %3 d#¥
OSC+ octave-scale sub-bandsoll 4] spectral peak$};
spectral valley®] spectral contrast® 12|30 2 M,

RS Hikd e

Kol
=
ST = %

¢}9] harmonic¥} non-harmonic

ole},

A o

Lt. Long—term feature
Fo]7 short-term feature?]

=40},

Long-term feature+
A Hee S aES

(1) Texture window

Texture windows ©]-&3% £

- o=
of STAA & Agerh 3 =S analysis
window#}al AoJsltbH  texture windows N7J9

analysis window® A 2]Ht} 5, texture windowl| Al

%39t short-term feature®] mean, variance, 12|
covariance ¥ #& SAA s SAWMEHE FE3)
A B Texture windowS AFE3H= o] = Solo]
short-time 2~#FEH9] time series® TAH o] JoH,
EAACRE AWAS 7HA7] Wtk

(2) Modulation feature

Modulation featuret= modulation 2~ EHE o] &3}



20134 128 {ASets ==X M 50 2 M 12 &

241

Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 12, December 2013

=],

=

(<)

o F=3 7} texture windowol] U &
analysis frame?] NS Teetar, ¢HA analysis
frame®] b A sub-band W Fourier 2~#E#H 9] &

Sdblel s, n¥Al modulation frequencyell  thgk

modulation Z~#E#L t}&3} o] parit
T
M, [b) = D75, [blexp(— j2mnt/ T) (4)

t=1

— Octave—based modulation spectrum (OMS)

OMS# (DellA Sl oAl
band-pass filteroll 23+ b A sub-band W Fourier 2~
HEG ] & AREgth

OSC+ octave-scale band-pass filterE o]-&3le] 7
2FH band® 2~#HE# ] th3l spectral contrast ztelth.
Hh spectral
(OMSC)¥ Z octave band energy® modulation 2~%
E®S 33, modulation ~FEZAe] o3t spectral
contrastg T8 57 olt},

OMSE Hgez  Axksk  modulation
flatness/crest (MSFM/MSCM)&  octave
band energy®] modulation A~ E 7] s spectral
flatness/crest measure (SFM/SCM)E 38 SAo|t}
W1 VESMe] 2 et 2 3he B3 modulation
2~ EH 9] peakiness} flatnessE YERIITH MSCM
MSFM#} whtf 542 yebditk, vtk piAl MSFMe]
0ol 7Mhe  #S 7FIYd,  octave-band bRIA
modulation frequency”’} ¥H5-5 &= ES 717t} o]
beat7} ZattheE As UElE SAolth ek 2 =i
o M= modulation spectral contrast/valley
(MSC/MSV) = ARg-aFA T 1,

2] octave-scale

octave-based modulation contrast

ek

spectral

measure

— Feature—based modulation spectrum (FMS)

Feature-based modulation flatness/crest measure

(FMSFM/FMSCM)+=  feature  vectorol] — 7|4t3t
modulation 2HEHE AL&-3Fe] 8-29F9] time-varying

2249 Yepdol, KR4 dimension®] 14 analysis
frame®] short-term feature vector’} Fylkl2t 3t n
HA modulation frequency®l] ™3 FMSE th&3 7+
o] gt

FMS, [k] = é F,[klexp(— j2mnt/ T)

t=1

5)
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7} Ballroom ®loE#o]~E AMEEISITE GTZANS
blues, classical, country, disco, metal, hiphop, jazz,
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Table 3. Genre—classification accuracy of the baseline
and proposed systems.

ST R ok WAl B2 2R HET

GTZAN Ballroom
7] v 85.00 70.20
o)
Accuracy (%) Aot WA 5.0 B35
Feature-vector dimension 160 160
Ballroom< dance &9 2E}¥9 cha—cha, jive,

quickstep, rumba, samba, tango, viennese waltz, waltz
°j % 698=rol A9k, 7}
2 7 59 FE fFUEH HiE]OJ WA Fom
Sk 2 F 3022 A QTh

OI-173o14 M&Est WA of features FE3HA L,
O-2%elA AH3E SVM rankerE &3
oz X‘]_Q_B‘}_O:]]:]_ 7]i1:‘ }qﬁi ﬂu
SVMell ti3te] 1-against-1 WAS AR&3kith
Agol AMFAS $8l 10-fold cross-validation (CV)
shth 10-fold CVE A "o o] A9
N%E of&ste] RS ot vwA 10%E &
sto] A= Bl ~Edk= 3ol

Baseline system©. 2= single-octave band& ©]
of st 54S FE3 (1218 AHEE A,
< multiple-octave bandZ ©]-&3}o] t}y&
gk W28 ARE-EFI T Feature vector'd

104 #elst 4= 9t} Single-octave band ©]2]9l
multiple-octave bandE F714 02 o] &35} 7] Wl
oscE o]ﬁa 15_21594 dimensionO] _2_7].3}03;} 5721

%_ 87H XLEE—L Tjﬁ‘]—é‘]_jl o)

/\l 64_0_

H==2
I =

o

=3t dimension<
3

040% F1EC]
Ballroom H|o]E#o] 2ol sl A= 3.15% EJAES]
T dE 24tk Ballroom Hlo]E Hﬂol/\oﬂ ik
SVM ranker& ©]-&3 54 Ad dugss T
73}, multiple-octave band®] 7|98t feature vectorE
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