VN XBRBEFTTEE IS MAH xR 2% K18 906

ojr

A HEgE o] & FAHANEAE

PRI X
ojstm WA e 1) TS

Speech Signal Processing Using Wavelet Transform
Keun-Sung Bae and Jong-Won Seok
School of Electronics and Electrical Eng., Kyungpook National University

icﬂlﬁ A a8
AT e Foiy Ry
of tig ddgE o2& 111%6 I den FHE
Fxg dute] 2H gz olgH 1 gl o] 2olt)
B =RdAME HT B0l AaAEore Had
7IMozE AAE HAolB oj&d qg Aaviet K
o} ol& oj&Ed MY, RAAL/IEESES B
tﬁ 112474i o) 2] 9 /\-l‘:’ \|_‘}])\]7\4 o= RNl
*“‘EZHMI 2*%6L AES 27t

2 offt ok

e
=

I. A&

Mg vyt d4ER @2 oy A &
ALZ Urolr Agste Bye Fsto|u} 22t
A ZPHoz Fol A7H P dojrzy A
2 ol SYAHA AEA Hof, = AFE v
Holl Al AL EE &= ‘:}Tﬁﬂ“E(multiresolution) /dii%
gl FAolu el o] AlggE Buy
BH(subband coding) o] ther Bdsd O]%é 11]
ghoh1-5]. flolE 3l o]2& 1910 Harr 7} H& o
2 AT 9Yoluz s *'—539* o, 80 A FHE Morlet
Fol 4Fog gfolBdy g st AT o] 59
T} o] F Daubechics[2-4]9—]- Mallat[6] ol 28] o5
4% o] E(multiresolution theory)o] WEH F ¢Jo]
B Hie 37 %}%jBM &3 el oz g
dojuzl wgle Al 2@ Ful4 FH A (localization)
2 7HNEE $AF 548 22AY Ades @ll
Z35t7] PYE AzEMo) g o) g glon
g dolxal MWelo] AL o]gdle] Ao ?}%
2 FEAA A% ge olg5n °‘E}. £3]. 9ol
Bvel tﬂﬂo} 7}11“ FEA AN E Fupfo I8
g o1&t £F Holdze] 4 Folx ATs
2 910'3% f‘]%cﬂ% z AL HAFEFE LS
T g AR LS5

SH, #H B dzt golrgg o g &

= H

&
Aelol e 9771 BYsl W AT GEH

2 r>

34
E
R
zeo /\-1 HM tﬂ 6‘:}-/\-]0“ ﬂo]aaﬂo o]_g_o].gj“,,

Wilde []_ dyadic %IOIEEA‘ HEg o] g5t A4l
.2 formant & F&&ch. 28]l Kadambe[10.11]

€ 92 JHA delB g o] &3t AP Fo ol &
toland zh gojBEle] utg HxH&Eo 45& v
w3t Tk, &, Fineberg [12) 2} Favero [1312 #)oj8
A FHAAM &3 AeoEE FE39 olF &4
2] o) 0]%6‘]—12}— 3oich ojgt o), Yoluwl W
€ o] &% THME A HF AT Sl AF
st ol #Azol FelA Eds] FAHT Yed
Hlall SulolAe] A7 EFL FFs] v £
o}

Ol

F

e
A8 ol8d L3NS AL AR LAornr oo
% gUEAY Bolold HRE F& ATUsE
7]1:!—12. X{,Q_O}-C):} ol B 2l H 3} 9]
3t o]& 243 9 7z 24

ol el WML FT(Fourier transform)s} @o] 7]
A &= (basis funcnon)a"] A 2od Uz ¥e
2 oldig 4 ch ol dojm WielAe z}
7IAgTE TJ]OIHE'}IO]EP F2=d, FTY 7|H &
E9 Adsteles g #8% ol A= AT

£8 AHoyoz 9}]0]1:1241 tﬂ@.o 2 glojya
(mother wavelet) o]2} 2= 943 gojBale £z
3 #gel o3 Lol AolrHge A 2 s
dolzithR). flo)2 3 Wi vlga go| Hejgc)
)@Y =(p,,. /)= [f@w o M
1 t—b
() =—=p(—) o)
V.. \/;‘/’ p
A (A ()= Y3 (prototype) HolB M olm,

v (0T w)E °lEhity? & ditation)std 7
Aok A 2)F "’E'L’El‘%’_ scale factor a7} &E7re

)9] o7t dolzg & +

ok whebAl. #e Xlé?-*lﬁ% te AFIH S

5 F g5 l//(

- 661 -



999 & ABREBETI1IE2 8 EZHABMAE

WX E B 228 B 1K 96

Welr e &L dolo] FF4E AEET U A HA
#e AFANz alMe I FEFEE ol &
Ay} Ho|] T gdo] e tFHYEE
ZA "ok A (Dol fojyel wMEae AT scale
factor 7b 449 @& Z7] wZol o]& A ol &
7he g olAHARl FelE At thh 2ok

=

ol m
rlr wo

N

v, =a,""ya’t-kT) 3)

Aol WS o] & Al FAE YL £olFA
37] HAsl a,=2% 8E dyadic folEE WP
A% Zo] Folza 4 HE F4 olit dolr
¥ Bl(discrete wavelet transform)©} 2} &C}.

wr,=27"" _[f(t)l//'(2"t—kT)dt 4)

gold gl HloA & Fuldfels fof thal 24
Yolzts Lol g 2ed, 3t YolBs F3E
MEE 3 z#ADolAel AA Al F(detailed signal)t
gk o] 4b4l F(discrete-time signal)s A7 Yo] £-3F
ANe Bodn AHA 241G JANE7 Y 2%
of g e 7MF L& Fuf g HJEL
webiaz AlZE A EsE b w4 Aok aA Yl
SNETE AT 4R ol ¥y we Fa
T g9 Avg JeElA g

28 12 o)t dAojBlg T Y& A&

<= Ed(wee)F el BEWIE veh 3 ok o
714 H, 2 K2 472 A3 s Qs
el | 2% 29l & c}& ABEFH(down sampling) &
thE oulo|c) o]4t gjojuEl WHEA 7 AAUL
b2k wig 9ol AA Dol A factor 2 E decimation 3F
o FHAA HER 7} scale 8] WEFE AY 2
oo} who] Hr} AHFANEI HGFa dejgt 19
=3 4EE ARA =HY 3 weol fgojuy wHyo)
o} Fo]Au ol
ol Wiy A g

High-pass

3™ 1 o4t dojE HMES A3 Ee]HH g
AEY2 T2

7Y 2 09T AHE AX ALY Fo4 B
E YERd D ol e, ool viE o]t o]
B W3] Fabf g ol agn 2¥ 29
A ZElE Weg U¥old ztzde Fa4 wicog
cpA] frebgt e Wi=g ST decimation A
& AFstA I8 ¥wPE 4359 redundancy & Ul &

Z7} A = olgA st TP Yol W
s BE dE dolr = B (continuous wavelet

transform) SAcEi o} 28 32 ARE FAL
3 P AL dolra wHEste ol 29 A
32 FAS 48 HoFa Qr)

Constant Relative Bandwidth

)

/

[ 2f, 4f, 8fy

frequency

Y 2 o4k Aol Wie Fuis 2a)

log2(1/a)

4259 Zo] Xdn nde) Fafy HRS
A 7R3 low, B3 x4&Alzte] ge LALS
o] mFEI Aol I NEFAZE e HA4S9)
AFa Q8 Ee F 77 o 2gE0] e o
P2 AT FolH AFT HANE 73 T4 (basis
function)& st TAE AIZb-FHE HAEE e
STFT ol ®lsf o % axdd Holghes AL ¢ +
Act EE dolBHL TrEOJUE filter ©) EAol
et b7} of & S8 ol gd £ UE Aol 9rh
Energy concentration 54 & 7}A = filter & o] &35+

dole] &, FEAA zn 2zdE Fol o) g
g % 9tk el Singularity BEo) 80]3 9ol
Balg o]gstd F4aTo edge. 44T
glottal closure instant(GCI)2] FHEo] ol&d FUch
a8 49 5= HA &0l ALRHEE  smoothing ¥
9 golBz 48 He F3 ok 1Y 4%
Daubechies 4-tap N ©|E 222 Energy concentration 4
AL 7HA3m oM dEe gF L LA @
o] Abg-Eclh 2% 55 Mallat 7} AU goluzio
g AlZe] EAde F43 HIREL HAZsl=u
Folste] GdalE ol edgett SAAlE O] GCIAE
ol gg ol &=lx glrh

- 662~



dojugl Mg o] 4 4N B

(a) (b)
718 4. Daubechies(4-tap) 9lo]B. 2] of
(a) smoothing(scaling) T (b) Hojrn R g

/N
/

Tt €

(a) (b)
29 5. Mallat ol .2le] o
(a) smoothing(scaling) &4 (b) #olB 3 g
M. dojez HEL HEF ST AT
31 FLol FAF EAFEN14-16]

ojo
).
rz
fot
Lo
oy
u!
rlo

ERCEER I
.‘

o
=]
Se FeaL Aol 24
NE
.

e
N
&
2

o
j,‘i
ulo
03:

el
o NEE R EHs £

o RFstA) Lol d& W vﬁo}ﬂ[l 7).
nz

od 2 M omE M
2 0t e O ot

£ A8 $HAY Aade odd 2
oz Aag A%y dE] A4gd 5
9ol 0. Bd e FRAEe A4

A ANFE Axs A S TS
g4e] Ao} BRel EAste stdgolnt
slagel A4t Axel AUt AL v 3

ol & g7stelA €0P7]7¥ £olstz] gon
THPE A9 F2F ok
&tz ek spEgoly Hd g9 730 B2 A3 oy
e ¥4 59 “\5“ AYARez AN Fogy I
ox nF3l FEo) g2 ouAE A 71] o o
2. F3E ghdol e ovx B2 E ugoer
A AL AN E 4L FED F A A=
& 22 AvEE Hojazl HE gl Fost
Aok 1Y 6L St/ e %"3% $l]°|£““ t”?}“}
3+ 78 R AR detailed 9 A HA) coarse =AY
Kol gelu® Ao REHA o) WE RS
I 9t 28 goAME B £ UFe] A HA
coarse ~AYL @R FuL oddolel o]t
2 AL FE UEdYn B £ o AW
detailed 2AL L& vl golu} AEd g & F5FE
g FA F O]?ﬂﬂ AAg olgsted golBal
ddor SAHRES T A= FE getvgE
Mt & 4 ) Zol AUA coarse & THF
AE F 3 ‘?Ml detailed 2=#Ade] o5 A& 7
2olg 2 A3t

PA=o0_+Ac, 5

4 5Pl o, o, 47 3

«

HA detailed 27

% skt €coh19-201

olo] FZHA Al HA coarse 27U XEHA}
=2 Vehiig A& welghtmg factor ©jt}. 1Y 7 &
$Jl°l£'=‘}l qdojx AHelg #E HAefuelE o] &3}
o] 223 GG 71&e] dEH EHYE I
E}‘:’] B9} oA 9} zero-crossing rate & ol &35 A
3 &9 de HMM 242N A8 8 o] g3t

H99¢ +4¢ 298 2eAFn Uk

e N{N

»—

VAN
I A
o
// \‘_A</\—_ 3]
0 TIME [ms] 1200

29 6 ZHYE dolBH AFo EEHEA} £X
(a) 4321 Z Jstart/ (b) first detailed scale (c) third
coarse scale

2 DJ—I-CONVENTIUNAL
< 100]—a— PROPOSED ,._.-—’
— A— HAND-LABLED ==
% 90] %
(&)
< 20l A7
4
é 701 /-
& oo /
«]
T 50
9
[
5 10 15 20 25 clean
SNE[dB]
a7 7. BEAE A uhE dA s

3.2 A4 M121-24)

FeRR e 4FE vedx &
Alxele] A5 A A 7-1“ 3] ZxsA =
o} whd SAAE EFgHE TS Zlﬂﬂ% =
3 7] M (speech enhancement) 7] &l g
wo] FE3] o] T} 9lri25-27).

autz oz Lol A NEE o 4 (6)F
Zol vERd 4 9t

e
—u
el
=

y=x+é&n (6)

A7lA, x & d¥Hc AEE L}E}LHJI yt i
Lo] Hztd A3 c}.

O]L iiujdz}?}
‘)l: )AE}'
Y=X+N (7

2& Yebd
e ¢l white Gaussnan noise O]‘:} 2]
Hak A7 2 (7)F Zol ‘/}EFL“

o 7)ol A, Eﬂﬁz}‘ olB A goelse] NEE L}

ettt & Y =Wy olth old orthogonal Holr =
Hag 7hA e ]'“3_ olg] 2(8)% wFde 9 W

matrix M °©] EAsA =9

- 663 -



x=MX 9

A71A, X & w3 golua AFE 3 (keeping)
sHAY AABEE AAKkiling)F o 2N FAHE F
otk el FdoA FHE TS @E AAT
o) AMES = thresholding T EE 210yl FolH
£ semi-soft &E o] &3 T)

0. Ir|< 4,
A Vi-A
THR . = {sgn( Y)(—jl—lir'). 4, <r|< 2, 10
oo 71> 4,

1% 8§ ZZAIE(SNR=10dB)2} olB =l o o]
»] denoising{28} 71 & &

o] &8 HoFa glct

of
el A AAT F

2 Wae AZA local maxima S HEFOEH
GCIE #EY 4+ ot cCl19 ZEARHL o3

STEPI: 42 200 E4 A=9Y3+ detailed 27
A 3~57t#] SlojE = Waksict ojm Z
27 Yo o] HE{g o2 AT defay(Z
Aol A 9] dolE ZHojol 12)& 11
;3

STEP2: B4 F3to] f4& FUAAE Beste] |/
g 7Y A 2AY 3~500 sl Fse
Mg ez 933 BZEAA local
maxima & =)

STEP 3: Step 2 ol ] 2% & local maxima 2 #1318
279 g Hlwatd AAY 3.4.59] st

o d£zx o7 UelU}E local maxima £
AXE #EY G2 g}
STEP4: & 7o £4o] BUWA Stepl & Eol7t
A e BAE R
a8 9t dAHE L FUA Gl E RED
A7%8 JeElgaz 9o 2% 102 A" 62
ol &3t g HAANHL vepar ot

(b)

I3 8 FA2alzel FEel AAL S49 77
(a) #FSAI5(SNR=10dB) (b) &0 #AAH A

12
w
ox
Fa

HAANHE A€ R AXFE(29-32)

A

oL

o] 2P EFo) s wAE
A= (vocal tractyE R UHEA WHZ
FHEE vERts Folrh 53
2 2AE AL oA HEH
srtetAA] Advt 7 Fes A
148 A4 8ode A8 €8x
A F-Eol EAsted ol
43 &9 # A H(glottal closure instant :
H33] 423504 GCle BES A&
2 AR F7)EA & HEsHA gl
Mallat = He]H & smoothing TS Uzt 1
ok gz A998 b dolnel @A) local
maxima 7} @ Al&ellA F23 HI}REL e

ol

ok
lo >
o B
]
© rlr

ol tlo
X
o

2l
B

okt u‘f 2
N gy
fr o ~
oX fo 2
HU :to o
tlo ox

1l
i
g
ol
_Q
i

w

P

nft 32 off rir fo AL e

o fr ot
i q

ﬂ-llomg
o
2 o
o

ro fy AL
a

a
&

rfo
u
R0
o
i

2

= AMEE ZRarATe) o2 Yt L4zl
619 A& $89 & Aok YWHOR §4
WA GEel WAL A7 ddolA Sy sialol

& o}
FA% HalE zY3lA Hez SAHNEE doln

i - True piteh
i+ DYWT estmates |

Pockpocid b o xnglts
o % 5 8 8 B
§
\
i
B

2% 10. FEE GCI & o] &3ty g AAAH

SAAEATANN FASFASETD HEE
BFE AAHE 54988 4T &4 HAa9
Held 5o FHRMAA Fastd opFolxes &



glojal Wgg o] 847 44

e

N3 AE #4d

Aolch olel@ SHEF YnAFAME SHAZ
oAl AR, AU, FutE Fol setvle 2
del Args Uepes) aely AARuel Ay
L oge g BRA ojeigol Qoo oy
S Gaaee A9E Ge Aemest 43
gHoz A8sE el rk o] BoyAE 9
SN MR gHURAN SRSUHO oS

A&st7)o]l #3333 MLR(maximum likelihood ratio)
[3839] gl-o 7&.&3}.0;] OH)\lioﬂ/\—] °k1°/ -)2_/
B28 5 AU 2AY solAel MLR 2 4
(10)7} o] Heolgrh

2(k k
MLR (k) = L{in & o'(k) | (10)
’ 2 O " non-voicing O' nom=voicing
A (10elA ke kA ZHYE ek 2 9
T S4ANE skl Ui 47D detailed 27
Y 137 4942 MLR #& 3al° @92 vER
Hog ~AAY 1dMe AUder B4 /M, /7
7t 2AY 40ME AL /l/} Z Jepda g
2 E 4 Atk wEA, MLR 9] olgjd EA & o &
st SAMEE SAFTT tog EF3l

dchad 108 dEHoz BgE 23 e ¥
78 Ang RdFa o

2000 4000 6000 5000 10000
4000
2000 \ /MLR1.
\ S
ol =
o 20 40 60 80 100
1000
sue . /MLR4.
N
0 \-»

20 40 100

2% 9 NS /ﬁsh/oﬂ o gt 131101&' MLR

2000

1000

ide

Amplity

IV pveard: sperch reglon
[Dovemward: unvoiced

10000

20000
3

20000
Number of samples

3.5 Ads 2dg (40

BEs 2411 4ol 2re Az #
T3 @ BA/GET A 5o g olgsa ol
th o] Holxe 7|&Ee HAT Edo nHE
dole] window & AHEFozM HAHE

gAE 3

Q_F/l 4. x%a}_;}
(@ ¥4Z (b) 71 2o w3 A AdI} ALE
© SGHAE AEs nag

itz oEids Adzsie) we 7z
/\lioi] &l z+7] of& Zol2] window &

c}.

Xk

A5

ol /= nondecimated <

ABAE elgae e RS e 4
Age) AEse SYHos FEs pdwHel o
A w4 fek Adsh magA, 4 Ade) 29

Az e 747) ‘4% Zo]2] window & o] &35t B4
A "ol &, 459 A3 wgE @ wejss
=5ty e WS o) Y+E HL window &
AH8- a1 “H:ﬂ§ Azol "MAHQ 548 wgste
o weg ZA4E 7 window & AHEsHA ®ch
olg} o] Fulgo] W FPHA window & ol £
ozH sze Wit o e s YERE 5
A3 Eo FHESE ARG 4+ A ok =3
213.9] onset time ©] B4 F7ke) F e YA G A&
B AAo] A 9L v z]A Ho| A&
F34g A }*]7]711 == pre-echo AFHGE 7244
Adol Aok 7" 1L taEldx 39
B glth 28 12 & 719
4% Agae g e 29t ol
995 29U g Aeale YA ARL 247
a8 12(c) Eol thaldE 25
M.Q )\]._g_?'sl- 761_?_ .'_“L l2(b)9+ _<'J_ B ]. Ok 20-
30%el BAo £ AA ARFANE G2 D T4
22 AR & ek

mLo AR
WL AN
.

s B
E]
A

}014

—

.
S P

I,

la (0. /,/_\\
/ AN S

\

SINLISOIDAL
MODELING

M\J Vm /U i \;“\I\ \;} \, \fa ) L]\,’ i \,»

i M e W e
l\\,\f‘VV\fU\/\”\N\J l M“’\ﬁ f e }U | IL L'\“av,hjgﬂ\.yﬁ'“w’

2498 ol §F ST

- 665 -



99 £ E XBEETFTI R G AERASMAE

2 =Rod: g4NEHE oklM BRE F
2 APHEEA SHAMY, FHLHYSESY ¥
7oA 2 4R ANNY BE BAEE 5o 4
olmey WMAZIWe T S AAFHAL

2 rrold 9 AFAFE ofF ITuelME
AF7 BUSA R Ao)lBR WAL o8 T4
AzAel Bolol Be 3¢ % BE AH5HE A
dokn ¢ 4 olod, £g E A7E 3 Avd
LneEEe UA 4e) duel @A gel

N1+
o%
>
fol
2

=
i
=

[1] O.Riout and M. Vetterli. "Wavelet and Signal Processing", IEEE
Signal Processing Magazine, pp. 14-38, Oct. 1991

[2] 1. Daubechies. Ten Lectures on Wavelets, SIAM. 1992

[3] 1. Daubechies. "The Wavelet Transform Time Frequency Local-
ization and Signal Analysis." IEEE Trans. on Info. Theory. Vol.36.
No.5. pp. 961-1005. Sep. 1990

[4] 1. Daubechies. "Orthonormal Bases of Compactly Supported
Wavelets." Comm. in Pure and Applied Math, Vol. 41, pp.909-996.
1988

[31 M. Vletterli, "Multi-dimensional Sub-band Coding." Signal
Processing. Vol. 6. No. 2. pp. 97-112, 1984.

[6] S. Mallat and W. L. Hwang. "Singularity Detection and

Processing with Wavelets." IEEE Trans Information Theory. vol.38.

no.2. Mar. 1992.

{7] Alessandro. C. “Speech analysis and synthesis using auditory-
based wavelet representation.” In ETRW:Signal Representations,
Sheffield. England. pp. 31-38. 1992.

{8] Ambikairajah. er e/, “The application of wavelet transform for
speech processing.” In EUROSPEECH, pp. 151-154, 1993

[9] Wilde S. and Curtis, K., “The wavelet transform for speech
analysis,” In ICSLP, pp.1621-1624, 1992.

[10] Kadambe. S. and Bartels. G.. “A comparison of wavelet
fimctions for pitch detection of speech signals.” In ICASSP.
pp.449-452, 1991.

[11] Kadambe. S. and Bartels. G.. "Application of the Wavelet
Transtorm for Pitch Detection of Speech Signals," 1IEEE Trans
Information Theory. vol. 38, no. 2. Mar.1992.

[12] Fineberg A, “A time-frequency analysis technique for speech
recognition signal processing,” In ICSLP, pp. 1615-1618. 1994,
[13] Favero. R. and Gurgen F.. “Using wavelet dyadic grids and
neural networks for speech recognition.” In ICSLP. pp.1539-1542,
1994.

[14] Seok Jong Won and Bae Keun Sung. "A novel endpoint
detection method for noisy speech signal." In Pro. ICA/ASA-98.
vol. 103, no. 5, pp. 2818. 1998.

[15] Seok Jong Won and Bae Keun Sung. "A novel endpoint
detection using discrete wavelet transform.” submitted to IEICE
Trans. on Information and System. 1998

(6] A F4. w A4 Aoy WMHL o]§¥ FRNE
o] 2HAE #5E¥E =R A 1999

[17] L. R. Rabiner and M. R. Sambur. "An Algorithm for
Determining the Endpoints of Isolated Utterances.” Bell Syst. Tech.
J.. Vol. 54. No. 2. pp. 297-315. February 1975.

[18] L.F. Lamel et. al.. "An improved endpoint detector for isolated
word recognition.” IEEE Trans. ASSP. Vol. ASSP-29. No.4. pp.
777-785. 1981.

[19] Jean-Claude Junqua, Brian Mak. and Ben Reave. "A Robust
Algorithm for Word Boundary Detection in the Presence of Noise"
IEEE Trans. Acoust., Speech, and Signal Processing. Vol 2. No 3,
pp.406-412. 1994,

[20] M. H. Savoji. "A Robust Algorithm for Accurate Endpointing
of Speech Signals." Speech Communication. Vol. 8. No. 1. pp. 45-
60. March 1989.

[21] Seok Jong Won and Bae Keun Sung. "Speech enhancement
with reduction of noise components in the wavelet domain." In Pro

IEEE 1CASSP-97, vol. 2, pp.1323-1326. 1997

[22] Seok Jong Won and Bae Keun Sung, "Removal of noise from
speech using wavelet transform."”, acccepted in Journal of
Electrical Engineering and Information Science 1999.

23] & V7. 4 B4 W a4 OeldE 2504 o
L& SANA B vt dEdesty FASeLE
3], A 21 A, pp. 1251-1254. 1998.

R4 A FL 8 A W AR, OEidE JdEEde ol
48 2AMA A vay egAxFRy wg A
[25] S. F. Boll. "Suppression of acoustical noise in  speech using
spectral substraction," IEEE Trans. on ASSP. vol. 27, no. 2. 1979.
[26] J. S. Lim and A. V. Oppenheim. "Enhancement and bandwidth
compression of noisy speech.” Proc. IEEE. vol. 67. no. 12. 1979.
[27] J. Hansen and M. Clements. "Constrained iterative speech
enhancement with to speech recognition.”, IEEE Trans, on ASSP.
vol. 39, no. 4. 1989

[28] D. L.Donoho."Denosing by soft thresholding”. IEEE Trans.
on Info. Theory. 1994.

29] € %%, 4 Z 9 234, "EGG A &gk o= ¥
#9 42599 Epoch ZEHIE" Al 108 A
=8t 3], pp. 743-746, 1997.

(30]) € 9&. 4 9. 9 4. "Quadratic Spline Wavelet
FE didyd ¥ AXNPEF @53y dedErd. A
16 . pp. 119-122, 1997.

[31] Seok Jong Won, Son Young Ho and Bae Keun Sung.
"Comparison between DyWT- and EGG-based estimation of
glottal closure instant for speech signal,” In Proc. ICA/ASA-98.
vol. 103, no. 5. pp. 2818. 1998.

{32] Seok Jong Won and Bae Keun Sung, "Comparison of glottal
closure instants obtained by using wavelet transform of speech
signal and EGG signal." submitted to JEICE Trans. on Information
and System, 1998

[33] A. K. Krishnamurthy. D.G. Childers." Two-Channel Speech
Analysis." IEEE Trans. on ASSP. vol.34. No.4

(34] & F=. ) dA, Aol WG ol§F FHUE
o] RN E/ES ER S48] € daAE 934 A
15 . pp. 449-453. 1998.

35] € 4%, u g, "dolny HHE olgF FYUE
o) f/FARES EF F4FE =844 43, pp. 41-
54, 1998.

[36] Bishnu S.ATAL, Lawrence R. Rabiner "A Pattern Recognition
Approach to Voiced. Unvoiced and Silence Classification with
Applications to Speech Recognition” IEEE Trans ASSP. vol. 24,
No. 3. Jun. 1976

[37] Leah J. Siegel, "A Procedure for Using Pattern Classification
Techniques to Obtain a Voiced/Unvoiced Classifier”. IEEE Trans
ASSP. vol. 27, No.1 Feb. 1979

[38] B. T Tan, R Lang, Heiko Schroder. Andrew Spray”Applying
wavelet analysis to speech segmentation and classification” SPIE
Wavelet Applications vol. 2242, 1994

{39] V.Ralph Algazi, Kathy L. Brown. Michael J. Ready. David H.
Irvine "Transform Representation of the Spectra of Acoustic
Speech Segments with Applications-1". IEEE Trans Speech and
Audio Processing. vol. 1. No.2 . Apr. 1993,

Mo

(401 4 . W 2. DGR AEAHE o183 &4
ANzo A 2dY- A 118 daxFedessd

&}, pp. 305-308. 1998.

[41] R. J. McAulay and T. F. Quatieri. "Speech analysis/ synthesis
based on a sinusoidal representation.” IEEE Trans. Acoustic.
Speech, Signal Processing. Vol.34. pp 744-754. Aug.. 1986

- 666 -

WoXE H228 F1R 996



