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Abstract

Support vector machines have been extensively studied and utilized in pattern recognition area for years. One of
interesting applications of this technique is music/speech classification for a standardized codec such as 3GPP2 selectable
mode vocoder. In this paper, we propose a novel approach that improves the speech/music classification of support vector
machines. While conventional support vector machine optimization techniques apply during training phase, the proposed
technique can be adopted in classification phase. In this regard, the proposed approach can be developed and employed in
parallel with conventional optimizations, resulting in synergistic boost in classification performance. We first analyze the
impact of kernel width parameter on the classifications made by support vector machines. From this analysis, we observe
that we can fine-tune outputs of support vector machines with the kernel width parameter. To make the most of this
capability, we identify strong correlation among neighboring input frames, and use this correlation information as a guide
to adjusting kernel width parameter. According to the experimental results, the proposed algorithm is found to have
potential for improving the performance of support vector machines.

Keywords : Support Vector Machine (SVM), Selectable Mode Vocoder (SMV), Kernel,
Speech/Music Classification Algorithm

I.M B
CAYY, T st Y, esgg . gk
(Dep. of Electronics Engineering, Inha University) H o] Eale BHdoz FMFTAVIVIE o]&3
***(Sm%% E_Llo&mifﬂE%%@x}%@% dEjujrjo] Mu[A7h s HwA AdE Foe o
ep. 0 ectronic Engineering, - _ -
. . ol o o o] 3+Q =9 =
Hanyang University) “!'/] 5% EOO] =273 Txﬂi OS:FL QOJ X]l
o] EE-e 20099 AF (WK ER)] gYPor At} AztE FAYS g&Ho7 AMESH7] 9§ 7hA
St AT AT XYPs who FPE AT Aol Aimo i o5 ) o I
2 ) ASES AP B 24 Tl A Hgl
(2009-0085162) @ B AFE AHAAY % g 0 TOE = AT TET e T e
e R P R IS [ G PYPA -7 [ AR S ) at e s ee Rl wet vhe deEs 29e
gdoz Fy3AS. [KI001824, Fofel @ uHAES 7] e SANF Y S8S WA Edsls oo Ig
93 Digital Guardian 7)< 7] ¢] a

A QA 201098929, $4 el 2010912929 sk el B wel shiel BTSIS SGPp2



SVMe alA|

142

HOm oS B = B oo b T B Ok W T W A =
~ D o o) ® BB T o S N T o do Mo T % NOX° Y —
JMWN% Wﬂn%fg%% Ee R WL LG V)
=T omes L IREP S famiuas S e Ty
AT s EEFT o W @ E T o oW o oo MW
T ATJ&‘Olﬂﬁ W = o R | T N KT O A,#oﬂJ:H»Eﬂl.oE <) 0] WL_W
e N B S T Nl N W™ PR Tao B g X
A SR o dadz®Peares Tads
;Eo‘.# ™ ;ln.ﬂ o ol . Ho ;o.ﬁ EME %o ) Mﬂ ol @ 70 _,.ZrTuw oﬂa 1__/I ~ ‘_|_W‘._ .Q .Cl = Jl .WVT E_H
u.__HoT@ﬂod.ﬂrLémmﬂﬂH@ar go ML Ty SR o
P LaPPIRREm e R o B oywe RV Emelgay S
LW TETE T Ty oK .m.;%%@mﬂ%m%i Ty X .
K T =) — B — o o
we o _TEw e o m@wxb?gmﬂﬂgmﬁmmzﬁﬁ (SO
_ . ‘I]Jl D —_— ke —
g hgeloaeial N QETTgTa_ s, teErs K S x
Lt_d_l&.\_,m MHﬂﬁﬂlw_.ﬂlﬂonﬁﬂoi,_ or H]’o#aﬂoﬂﬂ_ﬂvﬁ#owﬂdﬁmwﬂ_ﬂﬂc_ 5 mb Iy
bt garEe Bl ed 2 S iTeaneExdTeESE L 0T =
° o uonlEr. S T e WX w = = _1_OI%u O A R e ol Ko et !
. o N = o = # o = Al TP
o R oo oo B o mw Pz . BT oH  HEWET LT PR oF
wERX YR T ey I H Pgxm U E e B R T g g s S
~ —_— = —_— ~ —_
ﬂoHMﬂoﬁaer%&M:/atﬂhiwy Wegamﬁﬂmﬂoﬁzﬂwwmﬁﬂze o) Il JJ
Mmoo~ =R w o FET T R EMBEBIYT ST T 4 RN
TTMHE TS T E®OT T ST mwo®W  ZH T
%aﬂ/omwrﬂm_rﬂﬂ TEH TR ED Mmoo NT AT e MR R T
L = = EIRCIC R R W W N ol WP M 0y,
o — Ui T oo 1 ol s = i Moo © N oy w X omowm 2 e
aos7JngxrﬂﬂNmMmom_w?ﬁT%m_li@ muﬁmmﬂﬂmﬂénﬂi%ﬂ ik En_ﬂ:
FE S SR TP L ®oom PH B e E 2wlaw R 2 F Wk
WEE A S tngs 2l sy 278285 2T lumoks
—~1 0 = ) N o~y Ny R 0 .
< o P T A o W B A A I s B R oMom o * i
Hoo_e%%wmmcurﬁ%@ﬁfrﬂmineﬁaﬂ %M@M%ﬂ%mmﬂ% mume_:aamﬂoa
%Wﬂﬂ%moavﬁ%&frﬂiwnnoauddrﬂ_maﬂ%r & M SR .ﬂ%ﬂ%m%
B o o o= ‘OI o oF Tc ~— 7 m _ZE K ﬂ% AT Jl Lf = ™ Of ‘ﬂl iﬁ 155\ ;lm_!
mﬂWuE XK o) ot ™o of eﬁ]o#: 71L_|01;A %_ o nmﬂLa B o S o TR o Az i
CE R B N R - PR R - =v w<ZT g
FEATERP N g Tl 8 sl r P Y T oL E
PR LS I PR R SNSRI L
: EYRE R o= M e 2 5 1
,wmdrﬂmﬂorm%uo 28T SNTmEwmaH B G wwWiﬂ ) oY
mr%%@mﬂemEar%ﬂﬂHEv;Ho%Dwmmééﬂﬂew%niﬂﬂ # ol
Om‘yl_/o\ﬂﬁl - - ! - B;O]l/lhl i NCS O)A]] OL‘w\‘I. ™
ww%%_zﬂm%%%ﬂuﬂﬂ%%ﬂ%R@ 73% BET G T B g g
LRl BER PolansgXey Pus s ¥ e
. T0 e B FUBEDY R =T oS B ~ E W - e =
A=W - I T A R~ B - =B - DR il
T o XN Em X gy 5% o X o S 5 B2 MmN om P
EeEWg e LW Ty B BT iR w s EFFLT 5P gy C
Sw T rr E2xin g FTCreonedyuseNecseoeny
Gk op W Ho HHZRGEFTHTWEHR WATTT EHBFTLTMNT O PFRTON

2)

YA ¢] o]% H+t Ejrvfs

075 « kn(i)1025 * k(i)

1,..,10

kn(i)

1

(307)

o SVM A%e

=
L.

kel 7]

9

kel
=]

1 steblEzh SVM ghE e v

]
=

A 7

HHoR A, AEel b
<)



20119 38 MASE3

Byt =09 + g0l ¢ B

-
L

Eyel wheba grol Al 297,
Aatsk | A Az ol #

I corrp

corrp=0.8 ¢ corrpt+0.2 o

1 ¢ B
(g . ;COT‘TP (Z))

L

L

corr™(i)E ol Zefllel 9H Aekmolt),

5. 714 AF ¢,

aoa-l-(l*a)-c )

pr

as ¢, o wEh g v SE A Aotk

6. oo A% Aol olF B ¢y

ey =0.9 ¢ ¢ +0.1 ¢y 6)

SMVe] VADeIAME= 2] (1)~B)EFE 2 d3E
ezl £8 g vluste] 49 g ddet &
oko] BHE ¢, =18 EE ¢)> 20000 §otow
S anla=

II. RBF2| 74 width LZH|E{7} SVME
HEHo|| Ojxl= g

o] FolMi= RBFE AddFZ AREsHE SVMo|
RBFe] 719 width7h 98h3 o) ofwl g v
Ak e xvb Agor Bt e A
SVMe the A3 2

=

o

’

M

M
F0 = Y0z < X\ X+ M
i=1

*

X, =

; AEE W

skl

o3 Falx Ml
% A WEolth A3t vlojoj
ol 9s FalA=
quadratic programming problem®] &fo|t}. Q== E 7}
APoR 77 7 ¢ AS AYErE AT

SVMe] Wi et 2ok

(support vector)

L

e

(optimization bias) b <} o

(X = ZazKX X+ )

71932 RBFE AR K(X;, X) & o33t

cE2XA M 48 HSPHEH A 2 = 143
2}
X—x|?
KX, X)= exp( #) )
g
AR A widthis golAut AlEeo] A Mg}
N e 1/0%0)7] WRe] B =RoM= 1/62S
AY width FehvEgn L2z gtk 1/0%d e
o] & 52 sl Adgsrs WAL 145
W WsE AQESE 0o 2
(X7, %) exp( ( +5) Ix-x1° o
g
o] 2% AAA thA MEW ThSAo] Htk
K030 = ool =5 1 - x|
- expl-oll x-x|7) (1)

X)ol exp( sl x— x| 2)
R

—X|%)e 1my %

2
= ol 4=

HX,»*XII

F83 A ARG Aol vlgo]

Htel Azle] AFel mEtE AT % ¥
o At Hke Adsel o) gridow
st Aek e A

Z
nu o

o

2y
©
(B
o
i

o
I -

A~
S,

2 0415%‘ ? °‘7<]UJ wd

rir

o

Al

o mot
&

mlo ~

=k
2
hat
i

1 ER LT,

e 7Ad width ¥etvH



144

il
] N N 9
GG i
— e LGN X W o H %
" ﬂﬂoome%duﬂ%W%F x =
R drimdl%b_i%ﬂ@_}ﬁ =
g%ﬂidrlhﬂﬂzﬁ BT B QFH% o T
© 09 Fl?u%%&wn T u FE o og s ol W o
Hl 77 ISEESI ﬁo»7ia ‘_.ﬁmﬂﬂ%,_tqdll o EWX@LAT\@H o ﬂl.zT
% L Ea my mmgn_uuq_oumqo z o R 9P n__/ulﬂ?ﬂma pa
ig ™~ =3 ol <+ = W = ;ﬂﬂ S I N Ny ™ o
B B = ol m..l..l M_._EuihA‘uFE._,oEiﬁﬂtC .Q7Mﬂ£o.ﬂllldﬂﬂl7tm1r‘_ EW
_ N= 8 g Aoyﬂo%ly)ﬁwﬁﬂzaﬁﬁ oMoz L W%@u%drslﬂdu.amtﬁ
1 M 28 Gl ,ﬂo%innﬂ 1= . ﬂl&ﬁ zL <
J [ rs s o o o ~ gy < = = oW R o N W
! £ M%ﬂ ..@h:QIu ﬂLWW,UI.ﬁOEDMOCMMaLMMQE ﬂ%ﬁpﬁﬂioﬁwwu_ﬁwawmcﬁoﬁﬂsm
2 = D = —_ 5 ~ iy o~ L p— oR o
ARSI §=2 m%oﬂ%ﬂjm;%ﬁ;m moﬂwommﬂqaﬁ%%%wonwa%
g &= w H.ﬂOe\} L Tl it =
i e fgg, _JM_ZT%,@%@EE;%M a_%fgumﬂ%ww@ﬂzm;.fu&
g 2593 .%;%aﬁ%mﬂﬂﬂx °om a3 W o= > W ® T
HE IS SETTiE SEEE SEIST L )
AREEEL: 22§z &m%ﬁ@%a%wﬂzw Ewmmﬂzm%ﬂﬁﬂ%;ﬁ}ﬂﬂ
! g § |mH =8 2 o T o ST T _ = N ol
i m rmmmlmﬁ%ﬂﬂﬂ%wAﬂM%% %%Wﬂ%m%%%agEﬂqwo
_ =7 e T8 g urolﬂ.imoﬁaﬂomﬂﬂnﬁ_%ﬂm Tz C® T W o
' . WRwm2,54 _%wQﬂ%%%@4%&&%%%%ﬂ;wi%ﬂ zmaw%
w _lr” NooH = N © T s - !
: miﬁmSmm%meq%iﬁ TR T TR g AL ERE
| “ Mm_uo_._._mwum N EﬂqdﬂAOtﬂh‘l‘_&l‘MﬁOAOLO]TFIOT“.:WE#TJFWH‘_‘WX
! © ZENLE S S Ewnsz_ﬂW@%Eoﬂﬂﬁﬂﬂuw_wﬁdﬁfrﬁo%?\
: . ~ Mﬂ%ﬂﬁﬂsﬂﬁ%&ﬂ_ﬂn 7R
satagge ~ %ﬂﬂa« XN = W B o Ar
u_uo_._t-on o0 S o o K . M‘_&.L&oﬂvﬂﬂ7 ” -
e.u»na:v _I_ [ Oﬁﬂﬂ_llm r awluii‘dﬂﬁ_&l
w w3 o ﬂ_.ﬂh .;_.TFL‘OIUMMOOt,Jl,ulZ_I% ‘Aw
N g aﬂATﬁa ol ﬂLLﬁ.EH_/ﬂEAaLdr%mﬂu%a
. ﬁi%%mﬁ@r mﬁ%ﬁ > glyjlz_%u.ﬂaé =
B E M gﬂqﬂaa%.%% %ﬂ,ﬁﬂﬁhgyﬂﬂw%
£ |glal4 %i%ﬂ%ﬂ@%?ﬂmﬁ%ﬂa% UL oy, .?ﬂoﬂ%u%ﬂ%m
3 3|38 W ol 3 o L O R =< R <! TR ﬁﬁﬂma o
S Tle|© A SR T 7O K T f o o~
& ﬂzf%w%ﬂéﬂveaémﬁ T o iﬁ%%@ﬂﬂ%@@%%
£ lglale Eszn%\L%ﬂgaﬂumﬂeﬂmm%mﬂ % ﬂﬂﬁg%@%%@%%ﬁ
=] A Rie)] ~ —_ —_— — To m ™ —_
S Wiwimiﬁo#m%wﬂwﬁwi T o %%ﬂﬂﬁﬂ#%y.ﬂ%y
o BT DR o X o3 T E= ey
2 %NM woﬂﬁ.ol‘mﬁ_v‘mwr oﬁﬁﬁllmﬂdmﬂo,.klmuu _l/gw Wi]ﬂﬂ%%%ﬁ%uﬂ_vo#eﬂﬂm
= & [S|3|3 @Wﬂwo}ﬂMﬂaﬁﬂmﬂo_EMM% ol R %wb7mﬂii_%ﬂ%%ﬂa
R TN ok 5 : =0 X i) = N Bl mr o
el o Hﬁ%ﬂ#%ﬁ%%ﬂ%ﬁwﬁvw%% Hl = xb%d%g%iﬁa%iﬂw
TEg (E5 8 ﬂg%%m«%u%@.%ﬂx%1@3 D @u%wa%ﬂwrzf%ﬂﬂﬁ_ﬂ
5.2 |° %ﬁ%1%&%1%%%:%% TR %%ﬂ%zﬂﬁmx%éﬁ%
oo = Bl T oo 2 TG iy X W g T B9 A e o =
"R |ggs ?Tﬁ%iﬁfm?wlﬁ“ﬁ L wiﬁwigimﬁ.
=< 5 _ﬂx.uu:qhﬂo 3 T — .%_u < = Aumojrﬂﬁﬂﬂwmv_1ﬂ ~
W%N)SA,S ;ﬁjﬁcT.ﬂw%mﬂﬂﬂoﬁaswﬁmﬁ%aﬂ mr Wuﬂmi%?%mﬂa7ﬁmﬂwwm
SRR R %gﬁi%ﬂwaﬂ% ol S A
e 8= |S .}A_W_LmomuﬂﬁoA iufﬂ%nﬁﬂw e . »aﬁ%?ix
n_.lﬂmxnlu T E ﬁouu“wbtm,ﬁ umo‘malo_e”lqt N
™ b+ © o T ﬂoﬁﬂﬂzemmﬂ]ﬂﬁ NE R )
_ — T ﬂmga 20 | %q‘mL o My T o B
S 1Y oww F S
Mo

A% 5ol A7l

(309)

153 AAZ SVMe] =)

[

2

[e}



20119 38 MASEe

=

e [

> ox riu
e IR
Ry
[o 1o
[&l

X
i

lu
&g
ol
of
o
N
-~

1

M
o
ox
b

ox
=

5

M
N

)
ﬂﬁﬂﬁ

A=

4 2

=)
ol 0o,
SO

4
;:O

=
=

5;

o] A width IerEE

1A

=V
% o
i
A=)
il

AN

lo
£
°,

'—ﬁ e, AN ox M
H ot
off

oXx

o

'

rlo

[&l

kY

sl

=

|o
fitl
==
e

o i BN
O:

U
_

N
-

2
ol
N o

)
=)
o
il

Ir
[o
oX,
o
N
of do Hif
O}u oi —

el

i

X

389 oz} §]rX]—°ﬂ JSHH g}z]-u].\;} 107H-/]
S8 TIMIT ulo|guo]2~7p Ab&w o,
22 CDEH-E 1:}/\4 742 A=e] Lo
I, 8kHz= th& A
5% Axe] ZolE 7t
ot 5074
A= 1070, W

rum J,d

7}7] °F 5
b} 42007H9Jr
F 1071,

H _|

Mr o

o 12 4 Lo |o
4z ol

:t‘:g
o il
ne,
1o
?
147)
o
=
En}
>
N

i

tt

I
Meo(mo ko

e

|
Fod A stz SVME
d dagEs v 34s
ol F-&3E glo] A wi

dol7h g2 SEE H2E

o

2 do

= lo

kA
o

*

=

[o
12
sl
[o

N

o o
2 o
A=V <

al
3}

\:110 o
ML o
Lo,

)
- 0_>A:

(]
=
Lo
dlo
12
T
[‘—{E N
S ~

o
32
e

Mromo
&
-

oX,

~
o e

==X M 48 # SPH H 2 =

(310)

145

Ao Agd EAMERE DA 2709 6744
o stebel s HMEZ g8 AHgskglth

SVM% 3t5A17]1L H2E & of 7|2 o R ARgH =
719 width SHHlE 1/ & 8171 98l o8 ghs A
Eotal 1 F 7 T2 ERAETE Hole 010] A
&30t

2. A= A

Vel A drstglzel dA Zade] F+4< vt
o2 713 width sebv|elE sl Folof bzl &
1o Bl AAY SVMe| A7t Fgell A &2 W
shelejd o & Jmﬂhﬂoﬂ tﬂoﬂfoiOk gk =
ok SVMe] #E4] o] of stnm FE
HajFi B2 S48 555 dfFolof k.

a9 2= 719 width sHerE & 2daidA SVMe
TF ATEst olgA WeteA desdh o a¥e
metal F2°] H2E A& AT 7 Afolr). v}
2 Z2 HAE Jd= gt v 29E BolF
B 2 =dMe aekA deth teSe v
HE o9 2dsh=AE Hehla A252 J4es
btk 7h2SelA ple d@A Ze9de] F4o] Sof
d W daFs #e Wb ne A Zadde] &
Aow FAE w wFe g dehdth «ds S0
D002 n0.02E &< ZadolE 0028 daFi &4

[e))]
Ze Qo= 0022 WFETh: ov]

Fe e A

ot} 719 shehuEo]
sebrle e} Zolol at, 74 ne}

A=

ﬂ]_l.,

MEREG 2 Aol RBFO 5474 dato] v 7

A7) Wl Fot/E4 Eidsol 23818 HojxAl

. % B Ao AgE 010] ope) e A
=g=overall (oracle) =e=speechioracle) =e=music (oracle) ==overall =s=speech =@=music

11

1

0.9 -

0.3

0.7

< A W e = A oea B

0.6

P00 p0.02n0.02  p0.04n0.04  pO0GRO.06  pO.0B0.08  p0.09n0.08

modification to RBF width parameter 1/a2

Fig. 2

RBF 7Y width m2tolg /0?2 =Hol| wtz
Wees Hetol s
Influence of RBF kernel width parameter 1/o

on the classification accuracy of the proposed
SVM.



146 SVMel OIME=Z g &%t

E 2. RBF A< width T2olg 1/o%o] =XHof we
HEEF Hato st EM(=Ze Zda F
ol AX = HME ALES 29)

Table 2. Detailed analysis on the changes in pattern
classification made by adjusting RBF kernel
width parameter 1/ (actual frame information
is used for predicting frame classes).

0 10 p0.02 | p0.04 | p0.06 | p0.08 | p0.09

P n0.02 | n0.04 | n0.06 | n0.08 | n0.09
See | 1479 | 1478 | 1478 | 1478 | 1479 | 1479
Mee | 7311 | 7306 | 7299 | 7296 | 7291 | 7291
Sicc 0 0.63 1.65 2.68 3.25 3.57
Micc 0 0.86 1.66 2.56 37 41
Sic-ic 39 3.27 2.25 1.23 0.65 0.34
Mic-ic 8.2 7.34 6.54 5.64 45 41
Sc-ie 0 0.01 0.01 0.01 0 0
Me-ic 0 0.05 0.12 0.15 0.21 0.21

E 3 RBF A< width T2folg 1/o?e] =X uz
HEHEF Hsto st 2M(=e Zda F
Mol SYM EFZ41E A2t E39)

Table 3. Detailed analysis on the changes in pattern
classification made by adjusting RBF kernel
width parameter 1/0 (outpus of an SVM is
used for predicting frame classes).

0 10 p0.02 | p0.04 | p0.06 | p0.03 | p0.09
DUV 1002 | n0.04 | n0.06 | n0.08 | n0.09
See | 1479 | 1468 | 1458 | 1447 | 1327 | 962
M. | 7311 | 7272 | 7239 | 7205 | 70.79 | 69.33
Sicc 0 0.56 1.49 24 2.28 1.8
Micc 0 054 1.26 194 2.76 3.27
Sic-ic 39 3.34 2.42 151 1.63 2.1
Mic-ic 82 765 6.94 6.26 543 492
Sc-ic 0 0.11 0.21 0.31 152 517
Me-ic 0 0.39 0.73 1.06 2.32 378
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proposed enhancement.
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