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Abstract
This paper proposes improved voice active
detection (VAD) and pitch detection algorithms for
AMR speech codec. The proposed VAD algoritm
uses perceptual wavelet packet transform and
adaptive weighted thresholding to detect the voiced
and unvoiced frames. Due to speech signals usually

contain background noises, the detected voiced

frames will be denoised via filter noise band select
method. Then, the pitch information can be derived
from the denoised voiced frames by the use of spatial
corelation function and pitch correction scheme. It
follows from experimental results that the proposed
algorithms are superior to the recommended VAD
and pitch detection algorithms in AMR standard. In
addition, the proposed algorithm can reduce the
complexity of VAD as well as pitch detection in
AMR speech codec.

M4EF AMR ~ VAD ~ /| s dgd% ~ 3 B k8 0] o

Keywords: AMR ~ VAD ~ Wavelet Transform ~ Pitch

Detection °

1. =73
AMR %75 B 54 5 = & & (v3-% 3GPP) &
oo B [1-2]
RE Ak e MR B R o A AMR E
P % 78 3 es¥ S5 8] 5 (Algebraic Code Excited
Linear Prediction, ACELP)jhr 5 2k 3- 5 > ¥ 7 48,
£ G AN EHAS =A% 5 Auh 4755515590
6.70 ~7.40~795~102 12 %2 122 Kbps > AMR ¥
FAE R R FENCER SR G RSB
AMR 5 7 3% % %5 BREFS I R RO B
H¥m Ei * VAD EJZ » AMR ¥ ¢ VAD
B A% R FRRE S LY g B &g B

Ao HBER G RBEG BENG PR TRAE

TR egap R4 I -

¥4 _’% )



B AGREES

¥ L VAD i E 2
P-4 ficie > »]4o: Short Time Energy Levels ~
Zero-Crossing Rates £ Pitch Period » igi = 2 313
Flfer PR b TP - B B ¥ A7 R
tE e 7 FRE RGBT S g B Bt fe
WIF g R P A PR LS P VAD e
FE AL Fa £H > AMR ¢ 1 VAD i * Fg3K
A TE A PFER BT BRSO S F
P i A
F A E[4-7] -

ACELP H %47 - w P gk i * s
B & if 145 & (Adaptive Codebook) 1 % & Z_i§
{& (Fixed, Algebraic or Innovation Codebook)[3] * if
T kit i3 RRER s 305
BES: P SRS S SN ey SO
M Ed W R E TN L B P A
AREE S BT RE R A S A 0 9712 AMR E
%% SR BY M YA - EF i RPER

Dl REAAE PR R RS R

PF AR TN F 3 P A G e E & T
AMR #% BALPF S o B2 - M4 ¥ b
& B AP B Sl ~ T 3ok
£ &#c... % > » AMR * Pitch Detection & * p 4p
MydeEHs - B+ F42(F 40 45 - F 5 19)
E B O RSEEF R RRES B p A
Boolcs BEW MORIFE 2 AdsiEE S BRE Tk
A4 B A RAERARR T XTI B
FP - BFFAET a0 F - B2 G Pitch ko #F
P SR ERE A B RS kA oo

2OGRF R A BRI - BV R pFiE
2 VAD ¥ Pitch Detection #7737 5 2 k2

EF R T iR

St

e SEIE S RE T R B i AR T %

Pitch Detection ;% & /% ¢

VAD # Pitch Detection & AMR ¥ &»eat » & < 3%
Jth VAD %82 * PWPT[1]# TEO (Teager
it BN 2]k ik A
BE RAPFRE M B o2 A4
RSt Bd R Bisig:
VAD P HEEH R - B i 5%

4 FBNS ;'/ﬁ’,f*ﬁ e ﬁj‘iﬂ“f A R NG A

Energy Operator ,

228 Pitch Detection e - £ 45
FEeNg 3 H 0 FRFAC R
3} Pitch Detection jf & /% ¥ 14 ffie o3 5 R B
TRESNEBEY A A2 KN VAD 7 82
PERFARRFEE D EEEERET PFERRR
SRV HaeA 0 VAD &
Pitch Detection #/z § if*" AMR FF K it o

<d A< B{ A

Pitch Detection 45 F i+

-

HEBE . d R

2. @2 ;% VAD e

2.1, o) ik

& % 3k 01 PWPT[8-9]7 4 » 3144 2
17 B3+ g # Qﬁ’*’#ﬁ;}’ﬂ?%’g N R R
kg AR K LS 8 kHzo 1"159? % T
(Nyquis)B~#& IZ 74 3k T 4 kHz» B
B # R 0~16kHz 7 12 4 & 24 Biph 474 - d ¢
ER AT L FEMESF A A 0~4kHz #TU R
& 1395 0~4 kHz 2 17 B TR 47 F 4= B~ f#30 50
1 5 17 B+ BG5S R[10] - A £ 1 ¢
CBW(Corresponding Critical Bandwidth) & ¥ R #7
T O EAPSEY

CBW( fc) =25+75(1+1.4x107° c*)*% Hz (1)

PWPT z %3058 F 7 fe 4 B enfe f H03) »
|k R R RJIE
S0 PWPT A oy » jUsLen i ¢ * | 3
Daubechies ¥ e1db5 = % > B 1(a) 5 /] A 4 4 3
e (Cell) > B 1(b)5 & & ] i3k & & mre > H
? (k) & i 1 (Approximations) % #c~ %}L{gm B L
HEIR o dy(k) 5 4w & (Detail) % #cs s BB Y B4R
iz o hg& by AW G AT R UL R
gom)E g~ % 5 &M 2 FHRAE > F
BFOEOEL |2 OZ 12 A u A A BORSB
(Down-sampling by 2) 17 % & & M 4c B~ &

R SERGEPEE S B SR

(Up-sampling by 2) ° @ x(n) % R 4s3 5 > PWPT
A fEatEd 16 BA K] A ER AL fRmie e
SRQ)E AL RN SN0 E FHA SRS

,\,;\.,FB E_}iﬁkfﬁ?u'?;’é}m/”\ﬁ*’lf
WPT #fft 2 ol 2 % 5 «

XV E



Fo1 sl gl H e W 17 B LR

No. | fe(Hz) | CBW | No. | fe(Hz) | CBW
1 50 - 10 1170 | 190
2 150 100 11 1370 | 210
3 250 100 12 1600 | 240
4 350 100 13 1850 | 280
5 450 110 14 2150 | 320
6 570 120 15 2500 | 380
7 700 140 16 2900 | 450
8 840 150 17 3400 | 550
9 1000 | 160
Iy(n) @
() —>

Bl 1~ P s f2ERaF o] R ERRER

10 = ) hy(n=26)x(m) @)

d\(k) = E hy(n=2k)x(n) (3)
n
0 X
1
i
ki
52
5 3 W15 w16 w17
a
4 W9 WI0W11 W12 W13 wi4
5 WIW2 W3 WAW5W6EW7WS8
[ | [ | [ |
¢ Frequency(kHz)  °° ac
Bl 2~ &% )k 4t e i3 Ak B

22. it £EE

d %\4 IR A g‘i‘g%“ﬁ T X %&
B B2 £ % TEO[11-12] 0 * H 5
AR A LRI ¥ R R 7 A TEO
- B

4ok ZLEUEE B i Bk 0 BB B

MEL @

PRy ERRFEEAE > 25845 TEOH &
258y 3 PWPT 97 = eh 1~17 B 3 L LU0 0 k
A LBRBLNE R o T L5 s fgd TEO
JFLREE R

TOIK]) = yIkT —ylk+1lk-11 (@)

23 AEES

#0058 TEO 35 & 73 1t § #9145 %

R RN o S ERAELT i  BiE B (Band
Selection)3* ¥ #-7 ¥ v 43 HI% A il BLIF IR

FToRITI RIS RENET R Y LR ER
P E o N(5)[4] R ;@f‘f N Z&F - k£ R -
tim(D) & 25d TEO - ¥ & hs A5 05, 2 35
B o2 de(6) 7 0 @ MAD(Menu Absolute
Deviation) & L ¥2.5 $1 6384 » MAD,,, itit L
FERIRARREIHLE QL #%Ti5E Q # R

FREE B SPGB L B A AR 4 )Ih? "

3| MAD;, > 255 (T) A" k23 LB LT L AR
ARG EIRA o B var{t, (k) AT E RS
BB B i F var{t, ()}~ Ny % w55 B3
ARIET O F AN, R AT R RS T R
iﬁgﬂ%ﬁ;%ﬁo

Z m21og(N) )
Aim = k £

MAD .
T m 6
Cim = 0.6745 (©)
tin(k), if varyt;, (k)j=h;,
Tj’m (k) — Js { J } J (7)
0, otherwise

VAS)#: & ¥ 5 7 8 EVASHAWT - 5 P&

* s VASEEIPWPT B {8 enigdt + L B gist g

@ VAST B 2 58 4e(8) %77 » RW,,(k) 5 IPWPT
BRI S A

VAS3+ & 7% & _#IPWPT

a1 55 24y s o R
B fs a3 B

WEL D “K#Eﬁf» L FIVAS -



17
V(n)= ZRWj’m(k) 8)
m=1

Aol SVASR A gEd kA § o @ igl
GER R § B P AEE PR R T VASE S
& T 32 4 % (Running Average Filtering) -4 #
A AT s i}b? #F3IV'(n)

—,‘,6[/}3"‘?\&’

s B T ik
F 2 5 Ae(9) 47 B AL=32 ¢

L1
V'(n):%ZV(n—i),nzl,Z...,N 9)
i=0

25~ i it EFEE
%Al VAS B 5B B B R

k@I - B iED B3 5 AWT 5%

%o om i etk B3] B BdeT

(1) A4t %8s k=1 52 Vm)=V'(n) -

Q) £ M myzs 2

) V® (n),
(k+1) _
14 (n)_{E[V("’(n)],

AT

itV O () < Elr® (m)]

otherwise
(10)

Er®m)] 5 o) ehT st -

G) LAFH I 20 FT I E[VPm)]® @5 = =k
i I 35 & (second derivative round mean,
SDRM)4c @] 3 #7577 ©

4) FEp LR pede BT E 5 p= Ly /
L>2? Lvi V) i B840 @ L A
MWEL G E oo

(5) #1850 AWT ehit % 7 K AWT=p x {E[VP(n)]
+E[VIm)]} /2 18 o

WAS

12000

10000 -

8000 -

6000 -

Magnitude

4000 -

2000 .

\ \
1] 5000 10000 15000
Sample point

B3 AWT 9 % 2 %

26. mGRRAEER

% PWPT #5usii 3 17 B3 el » %
17 B+ g5 d FNBS 328 3 & - R ageilig
foRMFARLFAEE S B AN L ADEY KPR A
- BAET - BEPEE oy E AN S (12)A &
FEHE - BREPED M,k E 258 5 (13)
24w, (k)5 PWPT &~ fizehd gy 3-8 2
5 (14) A ETE - Bl RE - E e R e
R T LEE - BT ] (k) % Ly
Y H (k)P0 @ Hy(k)3t 32 55 (15) 0 B 2R 247
1 ) sl B St B s £
1235 8 H(k)3- 8 0 2 33 %/,a“,frf »sgn A oEL

RN I

¥ ®) =7, (A=M (k) (11)

Y, =0, 4 2logN (12)

(%) }

, Wj’m
M j,m(k){m

H, () i 1w, (9 |<Y ()
S'(n) = sgn(w; ,, () w; , (k)| Y om () (14)

otherwise

(13)

v,m(k)

H, ,(k)=sgn| (1+w;,,(k)) (15)



3. Pitch Detection

31 P AP M Slic
G VAD FERenG B00 00 E g gesn s e
R BLY (T A AR B S ey ~ g d
R AR S IE . AL B R
€ B2 545 Pitch ¥ #p e #x > 1 AMR FF 3% <7 Pitch
Detection $# * chE P p 4p b Sofic> 2 » 2 & &
= ,/@“f%t§'$amvﬁzx
F % e Su k< F 4 Pitch Detection 8 #* 7 3
dodr Rt i L AHF DT APM S
Bk P AE
B pAp M 3 #[14-16] T2 § £ % VAD
MR RRSUS HE g UELE ] ko RS B
ol B ) L4 i * Daubechies ¢ 7db5
% > 1% 0~2kHz &2 0~1kHz ek FLi 8 F
ol A B ;‘M:LW;@J& KER L BA B
MEARRFET TSI I p AP Sl 3 A
BBt 8 250 (16) 0 15— Sl B R=2 o

Eap A e
Fg e Pitch ¥ 3 £_%

ELP AR o

Corry(m,k) =HRWj NG (16)

3.2. Pitch i #F &

L T EEERY VS SR
> {8 * % Pitch Detection *F # i&— # 4c 53 H Fie
Wi 4 03 FAHREF AP TR pM Sk
wE R ST 2@ {resCorry(m k) | 8 3-8 2 5%
(17)» B 2 Pa(k)z* & = ;X (18)¥2 PCorr(k)it & = ;%
(19)  Bots * % RBoZ F I 377 B 40 M Sl
{ NewCorry(m,k) } & 33 258 20)@ 5] » 2 ¢ w(k)
S-BERG [30ms><Fs] #1FIR 3 jhit § > Fs
=S LR

resCorry (m,k) = Corry(m,k)+ Pa(k) / PCorr(k) (17)

Pa(k) = Z{RWJ’m(k)}Z (18)
k

PCorr(k) = Z {Corr (m, k) (19)
k

NewCorr,(m, k) =resCorr,(m,k)*w(k) (20)

A2l A AR FEPHEF S EF AP F LR
g AW F - B R ARG B D FA

A RKPeE R 5 F ‘ NewCorr (n) ‘ Z‘RWJ_ m(k)‘ B

i:La‘%%}%—n PRI BEDPF A8 TR .
e ® Gn)? T R B IR TR %
NI FEYPTR ElT R
H G 3 B PHEFRE 0T389 2 29
AERMIF AT FED 12 B DAFE
BARITengE g B0 A B A PR F o B B
f P H# Gn)p ebenizh 7 B 4p M St
M BRI AR #FERRT Y
IR AP S e g 3 50 F
I EFEDE B EHL AT F S A N ke
K o
Fof Nl £ A LB @59 Corri(m,k)
B3 f=(Frame) 1% 3+ & 282D 55 % TP~
i ® ¥ @& {PitchTr} » Max(n)22 Ave(n)~ %] & 5 {20
Bt BB TaE B 2¢ WEL L 3 PirchTr 53
Uik FRT RIS
PR R LR ﬂAquﬁiﬁH}lﬁ‘& <
FhAEtnkdied Gln? » @ adpikm
HPALE 3 A D BAE 2 8 L 58 Gl(n)hk
Grivp bz WM Sk Ay B EY ek
oo P Gl gimhk & B Gn)® > B s G(n)
NoehaF IR ehT % { A% 4 B oy
BEHHEFE -
PitchTr = Max(n) — ((Max(n) — Ave(n))x0.6) (21)

Fitfro9ug A7

2|3 PitchTr e 5545

FTREE

AE e P TR g R % 5 Pentiumd
1.6G » #2.;% B % 3 ¥ % Visual C++ 6.0 - MATLAB
700 BIREFIAE KRG R R E LB
B 52 6 97t * chfe ] &_FAP_8986A 3 5Liein it
% 5dB B 4 %7 Bl VAS o 57T Bl i R4sF
BHOBSEAHINVAD S 295%%% > FB:
VAD H|$5i8enEF TR 5 4o 460 o F i
Ed A2 DS NT U E PR FESHVAD PP
AR Vi

¥

&



229 %EEEd A E NN VAD FE 2
AMR 1 VAD fi-ie§ s is et i 3 M kR
ERPRPE>EEZ Y 20dB~0dB ¥ & 322
FoRGEPE 1200 B AhRE @R 0 4 42
¥ L ESeh 2 otk ) ehs E iR AMR 0 VAD HE2
Eom AT H NN FALEIRELRE
ok P PR A L3RS ARl RS d VAD ¥
UL AME B O6 LAY HE VADHEZ & Pf
voiy bant g o Pd R R ES AL BERG
VAD #4755 5B 7 5 22238 VADF ¥
B Pd e b At EOONFR £ RS R B

cd VAD #|#%7% 5 #FORB 8 5 A2 &2 H s VAD
B B Nfcin 2ot o Nd 4 5 S LA
Brgd VADXST a8l M9 5 Av i
VAD j# 5 i & Nd »ciy ¥ et iz o

B A 0 VAD G B SRR g s il
e 384§ 17 Pitch Detection ﬁ%l »EL 0 d B
10~11 #7577

K" * 45 e

1 18 5i% i VAD 45 iz Pitch Detection
FEF P UL FLD MR ALY 0 & B 10
BRI 1197 * chge 5] & Nine &2 One 430 5Liet
% 10dB 0 B 10 2B 11 ¢ ()5 Rbed 46~ (b) 5
Bde3 6 ¢ 0 1000~1700 2R 42305
* % 3% 4 0 Pitch Detection & & ;% *7 i ] o

(c) A g d

1000~1700 g:-¥ =5 B i # » % 3 ~ Pitch Detection
FoHREEY ER AR RE R P R
3 M ¢ 20dB~0dB £ e 7 & i L BGEB-X
1200 B4 4% % % f&?%%f}rj’fﬁ] 12 5 #% &2 AMR
¢ 1 Pitch Detection #i-2-T 354t = #ic(§ %)v
# B 13 5 ~< 2 AMR ¥ ¢ Pitch Detection e
Tiafe o B( B d o B 14 5B 12 2@ 13
TIoA(F AL B d 43
# I en VmR B3t AMR FE K 0 Pitch Detection

FOUE AR

Bl 32 v L g feNE S HRE T E

x10* WAZ

Magnitude

1} 5000 10000 15000
Sarmple point
10000
g 5000 -
-5000 c L
1} 5000 10000 15000
Sarmple point
Bl 4~ VAS ¥ &
10000
'§ 5000
-SUUDD SD‘DD 10500 15000
Sample point
10000
§ 5000
-5000 : L
1] 5000 10000 15000
Sample point
BS5~c22 /NI ZE2FH%%E
422 VAD # 5% 2%
ENF - et s E:
SNR | Pf Nf Nd Pd
# FEI 6 % 1% 99% 94%
20dB 7% 1.1% 98.9% 93%
15dB 8% 1% 99% 92%
10dB 6.8% 3% 97% 93.2%
5dB 3.2% 9% 91% 96.8%
0dB 1.3% 17.2% 82.8% 98.7%
AMR 33 %8 B¢ ¢ VAD
SNR | Pf Nf Nd Pd
B 0.34% 2.3% 97.7% | 99.66%
20dB 0% 47% 53% 100%
15dB 0% 69% 31% 100%
10dB 0% 97% 3% 100%
5dB 0% 100% 0% 100%
0dB 0% 100% 0% 100%




G.729 F 5 %#B B P caVAD #-ke

SNR | Pf Nf Nd Pd

& Fe 0.5% 10.3% 89.7% 99.5%
20dB 0.1% 79.4% 20.6% 99.9%
15dB 0.1% 78.9% 21.1% 99.9%
10dB 0.23% 79.2% 20.8% 99.77%
5dB 0.1% 84.8% 15.2% 99.9%
0dB 1.4% 81.15% | 18.85% 98.6%
(Va)

. .

7 ¥ —

5 Pl —— AT
i / —=— AME
3 ‘}{’J —a— (3,724
Fl = N

i D '\.‘ i =t

(")
100

a0
a0
40
20

{%4)
Loa

a0
o

40
0

0de B 10dB 1MEB  20dE  Clean

B 6~ VAD i £ i & Pf } 5ii v 2

——FrnT
—m— AME

0B S4B 1B 15dE  20dB  Clean

Bl 7~ VAD ;% £ ;2 & Pd } »cai v iR

D
<\

MY

18E  20dB  Clean
Bl 8 ~ VAD j% B = & Nf } st v

//

2/

0de  5dB  10dB 15dB  20dB  Clean
B9 VAD j§ & ;2 & Nd F i vt i

—&— G.749

10000
%; 5000 -
£
5000 | | | | |
o 500 1000 1500 2000 2500 3000
(=) Sample point
4000 y T
;; 2000
£
2000 | i | | | |
1000 1100 1200 1300 1400 1500 1600 1700
(b) Sample point
1 y T
051
WDDDD 1100 12IDD 1300 14‘00 WSIDD 1E‘DD 1700
(c) Sample point
Bl 10 ~ Pitch Detection # 5 % %
ot
1 T T T T T T T
» O05F
E
= ps5l
-10 SDID 1D‘DD WSIDD 2D‘DD 25‘00 BDIDD BEIDD 4000
(=) Sample point
BDDD F T T T T T T =
5000 1
€ 4000 1
Ej 2000 1
-2000
-4000 & | | h | | |
10 1100 1200 1300 1400 1500 1800 1700
1 (b} Sample point
051
WDEIEIU 1100 12IEID 1300 14‘DD 15IEIEI 1EEU 1700
() Sample point
Bl 11 ~ Pitch Detection § 2% & %
% 3 ~ Pitch Detection g 2% 5% %
A2 (3 8) | AMR(Y ¥)
SNR TIORE Sk | TORD Sk | TR A
&3 412 489 77
20dB 413 491 78
15dB 403 483 80
10dB 418 495 77
5dB 440 523 83
0dB 514 600 86




* (2B | AMR(* ®)
SNR Tiof it st #c | TioWD S #k | T
3 459 595 136
20dB 472 606 134
15dB 461 600 139
10dB 479 607 128
5dB 502 630 128
0dB 571 694 123
(#)
&0
o0 :-\\-\
500 ————— [
450 \\L\”/_A_. —=— LME
400
350 : : : : :
0dE 5B 10dB 15dE 204 Clean
B2~ T 3o i Bt i
()
700
ﬁﬂ_k\
500 4\\.—_—_._&_‘7 ;4:&
l\\ —-
550 \\. e abE
=00 \\tmwr_g____‘
450
400
0AB  54B  10dB  154B  204B  Clean
B3~ T 3o =t (> Bt i
()
140 /{L____'__A_.
130 -
120 |
= %=
ag —=— g
80—
e e — & — g
70
&0
MdE 5dE 10dB 15dE 20dE  Cleen
B4~ T4
5. 2%

A FNFE2mF T L AMR ¢ e
VAD £ Pitch Detection ficke » £ F % v 1 @
T RNBHTR NP Z LLAE R BRI
TG 5 @ IR ek 0 X2 VAD 3 AR
HEs LA EFLRFFHRIET R ;’:ﬂaif@li
VAD PP e F kv U Ah < & eh VAD -

w3k kb AMR Fg% 38 % 0 @ Pitch Detection
Fd FHRV U N APERES TS # AMRIER
&7 Pitch Detection i & B> » M &~ & J1 e 3

45 & Pitch ik #p +* AMR Fg %k Pt fEF B o

\4?

NS
=

34

[11 E. Ekudden, R. Hagen, I. Johansson, and J.
Svedberg, “The adaptive multi-rate speech
codec,” I[EEE Workshop Speech Coding
Proceedings, pp. 117-119. 1999.

2] BB 52 AR BB RS
BoR2 LA BT FIRFLAALEY -

[3] Bruno Bessette, Redwan Salami, Roch Lefebvre,
Milan Jelinek, Jani Rotola-Pukkila, Janne Vainio,
Hannu Mikkola, and Kari Jarvinen: “The
Adaptive Multirate Wideband Speech Codec
(AMR-WB),” [EEE TRANSACTIONS ON
SPEECH AND AUDIO PROCESSING, VOL. 10,
NO. 8§, NOVEMBER 2002.

[4] L. R. Rabiner and M. R. Sambur,
“Voiced-unvoiced-silence detection using the
Itakura LPC distance measure,” in Proc.
ICASSP’77, May 1977, pp. 323-326.

[5] J. C. Junqua, B. Reaves, and B. Mak, “A study of
endpoint detection algorithms in adverse
conditions: Incidence on a DTW and HMM
recognize,” in Proc. Eurospeech’91, 1991, pp.
1371-1374.

[6] J. A. Haigh and J. S. Mason, “Robust voice
activity detection using cepstral features,” in
Proc. IEEE TENCON, 1993, pp. 321-324.

[7]1 ITU-T Rec. G.729, Annex B, A silence
compression scheme for G.729 optimized for
terminals conforming to ITU-T V. 70.

[8] Shi-Huang Chen and Jhing-Fa Wang, “Speech
Enhancement Using Perceptual Wavelet Packet
Decomposition and Teager Energy Operator”

[9] Shi-Huang Chen and Jhing-Fa Wang, “A
Wavelet-based  Voice  Activity  Detection
Algorithm in Noisy Enhancements”

[10]L. Rabiner and B. H. Juang, Fundamental of
speech recognition, Upper Saddle River, NIJ:
Prentice-Hell, 1993.

[11]J. F. Kaiser, “On a simple algorithm to calculate
the ‘energy’ of a signal,” in Proc. ICASSP’90,
1990, pp. 381-384.

[12]F. Jabloun, A. E. Cetin, and E. Erzin, “Teager
energy based feature parameters for speech
recognition in car noise,” IEEE Signal
Processing Lett., vol. 6, pp.259-261, 1999.

[13] £ & 4€ ‘l‘ﬁiﬂ‘}‘ﬁg’i SRR/ TEALh Al
Y &@VAD Rz s g 15,2005 #k
x"i B e e AL HFTIE € 20052005 £ 6
)

[I14]CHEN, S.H., and WANG, JF. *“A
pyramid-structured ~ wavelet algorithm  for
detecting pitch period of speech signal,”



Proceedings of 1998 International Computer
Symposium (ICS ‘98), December 1998. pp.
50-56.

[15]CHEN, S.H., and WANG, J.F.: “Extraction of
pitch information in noisy speech using wavelet
transform  with  aliasing  compensation,”
Proceedings of 2001 IEEE international
conference on Acoustics, speech, and signal
processing (ICASSP 2001), vol. 1, pp. 89-92.

[16] Shi-Huang Chen, Jhing-Fa Wang, “A
Noise-Robust Pitch Detection Method Using
Wavelet Transform with Aliasing
Compensation,” IEE Proc. - Vision, Image and
Signal Processing, Vol. 149, No. 6, pp. 327-334,
Dec. 2002.



