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Abstract

In this paper, proposed to improve the performance of speech and mixed content signal classification using MFCC based
on GMM probability model used for the MPEG USAC(Unified Speech and Audio Coding) standard. For effective pattern
recognition, the Gaussian mixture model (GMM) probability model is used. For the optimal GMM parameter extraction, we
use the expectation maximization (EM) algorithm. The proposed classification algorithm is divided into two significant
parts. The first one extracts the optimal parameters for the GMM. The second distinguishes between speech and mixed
content signals using MFCC feature parameters. The performance of the proposed classification algorithm shows better
results compared to the conventionally implemented USAC scheme.

Keywords : USAC, MFCC, GMM, Signal Classification

185

I.M E He Az B e ¢ F2e Agsts 42
253 7)ol el Ao ast s a ot
wute 777} geket 7)%S s, theket 7)) E el FA4 AP REAS VWrow kil Qe 4
sbe] mule 77)® %fgs = ougko @ %] dhAl 353 Ve, A3k A7 mds N R shar gl
3ta1, Ox g g S B E o4y SolNE 1 T eHend Vles, 54 A 5o UE T 4
FE o8k %%%OH Aol AAWA, 43 L Zhe] SYAQl AH A Gl sAH o T)e B
& olFo] gtk ANl 2 W Falo] s
AR T AR, SRGRL AATA FAA o w vlgo] WHEUA, £4 4 o who
E}Dneisilr;ri?;lt of Radio Engineering, ChungBuk 2 guEE Aua 720 AelAw, o o) SA )
# o] = 20129k AR (E3r]ER) o eHe Ass Wk Fhzs Feshe Aol o3
2 gRATAEe] ALe Bop AW A2ATAE  gog
2 9 (N0.2012-0004611)
5ol 2012989249, 54 e 2013919189 mebd EE WHeRRE 4% Soe Ave

(475)



186 MFCCE o| &%t

Short-Time Energy Rate) 5°] Sl
54L ol &% geprHE ~FE

3l SC(Spectral Centroid), A~ E= 2
o] 83 SF(Spectral Flux)¢} #A~EH
CD(Cepstral Distance), 217te] A7F 7FA = w4 E
T 0] 83k MFCC(Mel Frequency Cepstral

Coefficients)s-©] Atk 3 &oF A2 BEF7]) AFE-

= (e}
EA4E

HE BF dug3dE SVM(Support  Vector
Machines), LDA(Linear Discriminant Analysis),

GMM(Gaussian Mixture Model),
Neighbor) 50| AH-g €T,

B =AM E 7Sy A7 29 F5Y 9%
WAL 9 Asol a2 Rl Ao ® e MFCCE
= o] &% GMM 7|¥He] 543 &3 4%
w2 Actetdtt. GMME AHESHAl ¥ &
WEe] TAY BxE U Huy
T THEAIQE Sharel] o af 4
217w o]t

Ezshe 84 2 eve @y T

k-NN(k—-Nearest

Nofrooag

foh ol

Koo g ©

-
Ao ndT

U
EF3aeA wel @At Close-loop
Ao B A Fo] EAHEE A
| USACIM = 257 7= 44
Eizd
o o]x& Hetetua 37 =y

o = o
® 3
SRt

5

e
N

oro
5

A ZHduks 7 AL AE

Q1)

=

= %

I, o

ox Mz Jm
Modu oox
Ol
ol
Sl
o mo

s
:

Jor fo, o
o
o

ox.
o
r'FH1 .
# HU HH o4
o 2
r:J‘YL
ol
=2
o
|
)
>
@
1o,

ox
o
>
fol
il

il

& EF71HQ GMMel thafA
712 USAC# AlRtat=

ME
iﬁm

2
e

o >
fol

B
AC)
UW mﬁ
1o
oX,
off
tjo
=
=

r
=

H oo N

GMM 7|8t

(476)

S4/E8 NE 27 dxe 2l
I. MFCC §& mi2{i|HE o|&8t GMM7|HHS
HEEF

1. USACY 4= 27

USACE dejfoz ¢ AEe] S4o el 43
A&7} g2dold AMR-WB+ 4 s)ure] 48 o %
= ZEzE AdgEy, 8As7E eHe el A
Folli= HE-AAC V2 ®¥45 7o &= Fubg =

Hel =ejz}h e g

I % A% dF oo Fustade 44 @
2914 3HA =] Closed-loop AbSTZE o] &3}
MDCTE 7[¥te2 &= TCX(Transform Coded
eXcitation) =9}  ACELP(Algebraic Code Excited
Linear Predictor) 2 =2 &FHTh 17 1A= 7hef
g USACY Az &7¥Hs dehdd, £ 1904

rE
in

£

ofr

L

USACAIAN S 215 540 §e 3714 ot we
o £},
EERE ST PERRIOER IS )

2 AZE FgEE A3 FD(Frequency Domain) i

ER g4 e 3 ERleE ddds Adse
ecmﬂi[ input Signsl | guNE
I
ETAS B #4E
l TCX ‘

l ACELP ‘

a3 1. USACe &5 2/ &5 clolo{aH
Fig. 1. Block diagram of signal classification of USAC.
¥ 1. USAC Core CodeQl 37IX| g% it
Table 1. Three compression methods of USAC core code
ke 54 FoYFAlE
A7 MDCT 7|qte] W3k 258l A | 2 A5
© 2o veu vas yuns | ode as
LPC 7]jte.2 AJ7ked oojA]
ACELP | &3}, 7] AMR-WB9] ACEL | &4 2%
PEEY 54
LPC Residual Alze] ta] | £ 25 o
TCX | MDCT 7lute] W3 ¥353) | A A&
Noise FillAH& ore A=




20134 28 MAE3 ==X H 50 2 H 2 =

Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 2, February 2013

TD(Time Domain) = 4% 2o AR AS

=7 ® Fol 54 ez fdse] TD RER #i7¥
ATE T vA hdd 549 49+ ACELP RE=
T A ASE TCX REZ 2/ HE= A8 4 &
QlaL, Tt 2 A% 2R AWl 48 By
at7] SlefiA vl 83 Fto] "t

2. MFCCE 0|&¢%t GMM %A miztilge =&
7t. Mel Frequency Cepstral Coefficients
541 2ol gho2  LPC(Linear
Coefficients)t}  LPS(Liner  Prediction
Spectrum) &% 22 B2 HHol EA) }7‘]“} T
ilili ojlgaie W #H=e 9

Aoz Ur]:/]_\/]_q_[ll]. -1

=
54

Prediction

=

=

SL'
[o
.L4

¢
T 2 kolv
o 2

oX,

O]EOE

-1 29 %ﬁﬂ}olﬂl%“_ MFCCE %31 714
E—j‘ {-=T=

A =l o
FFT(Fast Fourier Transform)% °o]-&

o7 WasHA "ot 1 ¥ FI O
7H9] e WARE Y ZF BadA g 9

X(n,wy,) = :i zlmlwln—mle 7™

m —

(1

A (Dol Yehle a2 189 X(n,w,) 2 2
= Y A2 Fug Siel o8 7tEskE Al of
# 2 AA2E AF95(1000Hz0 3holl A = AT
Z[:
Z

2% 2 0] 2] uk ﬂTqu—’FﬂOOOHzO] )

i

17F 7}74” H ﬁﬁéﬂ‘ﬂ

a3 2. MFCC &% ujzjole & 1Hy
Fig. 2. Block diagram to extract MFCC.

(477)

187
§" i
0 1 2 3 4 Freq(kHz)
MFCC Filter
a2l 3. Mel-scale ZE| g3
Fig. 3. Mel-scale filter bank.
2 el e 548 443 o
ol EAS 7R A= ¥ 2A Y (mel-scale) ZH
WAE a9 304 HolFa k. 24 ()& o] &34
4 AALS ALt FATITE @ AALZR EA
stA €k ZF "He di9E AAl 4 (3)9] critical
bandvmdthoﬂ o A4 =)
Mel(f) = 2595 x log,, (1 + i ) (2)
10 700
1000, f <1000
L= {25+75[1+14( ! )]009 f>1000 (3)
Mel =AY ZE W9 [HA Y9 FI¢ ¢
S R(w,)etar 3d nd A &4 Zeldel tE Mel
AquAE 4 W2 ®8 & 5 Atk L,HE A4 2
oA Qo] ofd Fubg o Ao Ak kst ghs 9w
sh},
1 &
Emel(n’l) Ek; |Rl(u’k)X(n’wk)| (4)
H,
A= Z ’Rz (wk)| 5)
k=1,

_Q_
=

A (5)= thekst b Zb= dHEY wds ~
HAEZS 9fg Aqrst AHolth ks Mel dUAE

DCT(Discrete Cosine Transformation)E #A-8& %3

0

of W 27 qUAE AT MAe 44w W
& 5 otk A (6)% ol4ste] Rle REE PR B
B ou= F ndA o4 Teael m miA ASE

ArksiAl dd.

R
Z 0g{E,,, n,l)}cos(%rlm)

(6)

Cm(’] [n7m =



e 2

3 EM(Expectation

S

7] 4]

o

W WeE FA

+od

o

51

ko)

MFCC

a7 49 o]l MRS ZReAIRbE

o

Lt. Gaussian Mixture Model(GMM)

GMM

188

3 MER SN TER 3 T EFRM T M oo oMy F ol Toor R T
z — F N~ w T = A= z o 70 ) — AF R o ol T B ol
RPN S CY do g A 2 do B W g LB
QY % & T o X9 o S o M o B S e
= N % N T N e o i Moo b T om = %t ol ol
= o ~ N .WE oA T ofpy ﬁ ol = iy o N T o ZTU o B BE = jold iy W._
S ETwERwx SLTw SePex mawa 27 B X
Do T oo W R ST o =TT HE T R oS N8
T B WL Wﬂ T o xo ® wop l N < qm.‘_ W o) & B Eﬁﬁ of = ol ok =T
) O —~ =
ﬂ_plﬂm,_lyuuw%g_.aa ﬂﬂﬂmﬂmﬂ idv.mﬁﬂ%ﬂﬂ%CﬂNﬁiﬂoﬂTA,
Hmﬂ = L E 2 o BNy o Ny oy oF ) = ooy o WM W B o X0 MT To @
™o N W= W o — ﬂW ™ i o ] ] i o o5 N < = ol MH op TP <2
— o 7 ; — T —_ Iy "o Lo
M s T B Ewo = IH < - o T o ~ W MXC
Z e B THe T dEw Ty R E R ok
R i ~ BT VErz Tt TR W g
= wﬂﬂaﬂpoﬂaﬂaﬁ 3 Wrwﬁ%ﬂww @uzgﬁoﬁz%uwﬂauw;%m
- U= = = | — "ou of W o~ - H - o
Bl egZasasne A sugew DRFTETNTERIEE Mg
~ B PP PR 2 =R VLT RRE ST 0T
. ~< o =) e nd | < 6N = ol il o Ho W i = o] T gy
T OE Sox P nm_ op T_. 0B @R ooy aﬁ@mﬂﬁ » i ﬁ = o
T o0oa @Yo TE 2 oM T SFEEh T wdm S Moo T M orox g
%o BT T T T M B =W o = S P HN T T a W Lok E
_@_ WE o ~ = o WooT Wy 0 TR W E S
—_ ~— - = = ~ Nus
< MW i T 2 o P w ww i o 2
= i B & 2® — o "o Ly
2EE o WY F PR W amumﬂn_ = w
70 N < & 0 N M_L ooy & oop %0
o Wﬁ“ EW o] N W P o g o o o EE N+ wp
a T . e U U I = < A
MT o ol s 3 I+ T W T m T g
o — = ~ fird ~ N o A M <
BRI s = R S D s PoE o
o = ke) — _— )| —~ . : T
- e ol Q - B NE g B ! N . —
T as I LT L F o e B = gg
K v = il | IR I
oy Heo m — E w5 R - B & - mW
oy E% Z0 meE M o5 < o oy g % =~ B - 5O
g % WS ym T TR S TG oo v = 0
o 3 0§ =% & 0F o4 TR WO Eae 7o R
e _ < @ ~ o ~ — o o =] —la < o —_ Z ™ o=
W ™ S P W ooz R o o S T TR s g2
T o< ~ 8 T oo P _ e Mx |§ NEp3T P I =
CR A o T S =¥ o & owa
ok . ~< = I Il o) oy —
Fop D W ¥ =B Sm oL T o5 o maRTowoy W 5
o m- mp R wy Ox & W 43T 2 Te s < 8%
= W R A A o 4 NI @ o T T oM R oo

(478)



20134 28 MAE3 ==X H 50 2 H 2 =

189

Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 2, February 2013

N N
Y logp(z,In,) > Y logp(x,IN,,) (12)

n=1 n=1

N N
Y logp(z,Ix,) < D logp(z,lA,,) (13)

n=1 n=1

2 =l At

GMM 7|5t &4

i,
2
a
A
oX
o)
u
=)

3

o T
o M
AN
N

N

do

ol

ol

oo
1o,
=

2 m ozot @

)
Q
—
(T

fo o

(IO
blo
2o
ot

o

o S
ol
o

B ox
i1t
oo
o

of

ol
7
il
[

o
lo,

5 FH'
o,
0.
oo

i
%4 o
N
X
o
>,
[
0,
rlol
0l

Al

A
o
o= oX,

Mo
é—%
o> |H
i =
1o

Mono Ade|™ 16 bits/sample, 16kHzZ
NT 2 Abgsta 1024852 3 Ze Y
T AR AX Aol et A WA
=+ EAE e HA GMM<

oX

o090

5 G BEE skl 079 S0 AL
3 AHgE T A Sk

Mo &
oo
a1
=%
.
F
e
o
fo

du kg o

USACY] Al #7F7]9F
71¢] A3g Hlaste] s YeERiiTh

Azl M} o] &9
o

2
2

of
-

— >
folr
o,

¥? oo
o

c
4
®
rlo
(@)}
—
(@)}
X
2
[e]
»_]
@
B
T~

2
2
rot
o
Kl
)
N
2
Y
e

o rin
lo, 1] ok
vy
jakes
fijo

Mol oox 2 o i M
oo |H o

ofN

(479)

v

3 Me

o o

2. USACZ} Metal ouz|&e s =&

Table 2. Signal classification of USAC and proposed

algorithm.
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