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This paper proposes a new noise suppression method using the Wavelet transform analysis, The noise
suppressor using the Wavelet transform shows the more effective advantages in a babble noise than one
using the short—time Fourier transform, We designed a new channel structure based on spectral
subtraction of Wavelet transform coefficients and used the Wavelet mask pattern with more higher time
resolution in high frequency, It showed a good adaptation capability for babble noise with a non—stationary
property, To evaluate the performance of proposed noise canceller, the informal subjective listening tests
(MOS tests) were performed in background noise environments (car noise, strest noise, babble noise)
of mobile communication, The proposed noise suppression algorithm showed about MOS 0.2 performance
improvements than the suppression algorithm of EVRC in informal listening tests, The noise reduction
by the proposed method was shown in spectrogram of speech signal,

Keywords: Vocoder, Noise suppression, Wavelet transform, Spectral subtraction

ASK subject classification: Speech signal processing (2.2)

LY 27 wsle] ghon], A2 o5 B4 A28 Ay
oo L 23 % Hul2E AT H 71eE
A o5 B AAHIN B2 B0 ARetey O AR AUEIT SITHI-3). 3 2.4 kbps —16 kbps

223 QL ujL BE 2o shil SARBED} 7| AFEdlel SRS YU GEE Y& Y
£2 OAE olf $4 Alagol wigel et ujg-wp  (Linear Prediction)o]} Sh2Y (Harmonic) 28E ]
HYANAL: 02y (inslse@cbucc.chungbuk.ac kr) SL o0 oY SR BT = Ak Y 2
361-763 SHRE UTA EHUT HAS 4gHX a3t 72§ 22 glot SNEY B ohE
S e e &0l ZHE SHIME 3 A3 AN Ee

(M) 043-261-5223; BA; 043-271-4647)


mailto:inslee@cbucc.chungbuk.ac.kr

38 SISUEX| H20A H7E (2001}

ZE3 Qlok, wEkd A g 2EE S E
2 FA37) 93 4558 ddoly FHy
2-& A7 (Noise Suppression)skil Y 3 35}0 24 2.2
M B2 E& F2 ok, A2 F2AA7 &L
S 8338719 E3E 1 e8] EVRC (Enhanced
Variable Rate Coder)[4)= #7) o} F-F Al Al 4
S3Eo] AMgET Qleon nud FE SPqME Tt
EAHY THE Hol 9t} El ASAA 7heg ol
=2 J9ESS 2,4 kbps MELP (Mixed Excited Linear
Prediction) -7 S 87)o| A& ARR-E| 1L 9t EVRC
F35k7j0) A AR S A A B2 Fatg G ojA
HE AU S LHEYA FHTE 2HEYE A4
St AW EY 247yl vietg £ ok Faled
Aol Z} Ad v A S v A FEE S48 &34
S O i ESHE A ElER, 2 g g4 o]
5 & A28 WAl AN Qi 24 Ad e 4
14 2] 12 STFT (Short Time Fourier Transform) 7|%H<]
= Hejo 7|¥keta, A7t B3t #5535 A WY
2 7M1 FAR), ojeigt e AR, 2AE
FE5Y 2 5AH Bl Azt Al Wbt 3
W 22l At 08 A8t 9o, ATt )z}
A 54 W3z} 43 o8 Aol 39AF oF
Hlo|& (Bable) 3 2 7ol £4 £8 37| 9
AT e AR Y S AA dAE A
et wEkA 2 =Fel A olEfdl Azt w2 i
Fakr EAgol7t o E wjolZ Z-go Aol ZEHA A
T2 W7 Yol ER WS (Wavelet Transform)S 7]
% FHTS AA S AR, e B4
7R Aol B R M| AHS o} 83te] AUEY AR
o) 7) 2% B3 AA7)E dAs, A2 Ad 4
A 9 30 M FF7 B Y L2HEY AL,
TS84 wh & AT,

& =9 2liAE S0 419 Aol diF 54
STFT 2412 0|88 AgAA 7)ol 7|238te] E43}n],
3o e 2 =FolA AL geo)EslS A8 JAS
AA7)9 2 L 2} B2 hafA] FAJs] dggict, 4%
AiMe At FEAA 719 ¥ 2 A =25t
B, opxjgteR 53N HES Wit

o &

o
uo ¢

[

0. =38 T3 54

o] 5S4 BFAM e FATSE AFAL S, A=A
9 5, o2 Al 4AY 8BS (Bable Noise) F9

ek, el gl 53 S4ABRGE A
of mhet A2 §-30) ¥k oh= A7 A (Stationary)
R B4S 23 gtk 2ok wloj Fe ol Alstel
274 257 FAR FE2F N7l mpet SAJo) Wl
< A A (Nonstationary) E4-& 214 e}, £33
A olett 38 Hee) 543 A0 28] (SNR)9)
4k A1) 5u]9) F (Metric) 59 2452 o8
3o A3t
L4213 ms CISFE 8 kHzA 104 ) =AY
T2 fz=lo] STFTE #3lct, F2)o|| (Fourier) ¥
E Gk 2215709 AE R Lo A AYAE A
ARt mAA) T i Q] AR Eu(m, 1)
= A W)z} Zol AXkEo AT,
Eg(m, i) =max{ Eny,ea{m) E4(m—1,1)
+=ealm) e 80 o)
0<iCN, (1)
A7l Epn=0.0625 (4 Ad oA 2B
au{m)=0.45 GI'E oz} )
N=15 (& 49 9
fu(p: 1 A Ao B9 84
Sl i AR del 49 94
Z g9 dige ohg3} 2o Fejsit,

fi =19, 4, 6, 8 10, 12, 14, 17, 20, 23, 27, 31, 36,
42, 49, 56}

fa=18,5 17,9 11, 13, 16, 19, 22, 26, 30, 35, 41,
48, 55, 63}

7y Ardel AdanpaSrls 4 ()9 ol Aldseia},

0,(7) = max {0, min {89, round

{10108 u Earm. s Jo.315}}) @

A71H Eqlm, )& @A 2 G2 A A oAzt
2 Uehln E,Gm, )= B Z8YY) g 3 A
Al ghg HEd.

Zh Apge] Asd A-3ug 9 g &4 HEY
{(Metric)olet B2 4} (37} Zo| AktElo| 7t &4
28 JA ZYE ASWHE dFsted S
Heha| g2 AME), A &3u7t 38 34 dE
g tol 24 vehd 4 F70Y BEol ol



N=1
Am) = Z‘b Vo (1) 3)

o7IH Vi &4 diES] s thaat 2o) Pojedt

V=12,222222 2222 3,838, 3, 3 4,
4,4,5 5 5,6,6,7 7178, 8, 9,9, 10, 10,
11, 12, 12, 13, 13, 14, 15, 15, 16, 17, 17, 18, 19,
20, 20, 21, 22, 23, 24. 24, 25, 26, 27, 28. 98,
29, 30, 31, 32, 33, 34, 35, 36, 37, 37, 38, 39
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 50
50, 50, 50, 50, 50, 50, 50, 50};

*

A oA BIGE A (DF ol83te) ANz,
n}g] AuEgolet B},

Eag(m, )= 10log n(Eu(m, 7)) ; 0N, )

HOBS( HHE OBt TRMHI &M 38

A Ze| o) T 2¥EFH A7 (long-term)
B 49 LHEY ol AF 24 groleta A elgit,
&, B4 32 4] (5)9F Zro] Hojgrt,

Ne=1 _
A(my= 2| Basl(m, )= Eup(m, ) )

i) A2 Egp(m, i) AR RILHEY Zholch,

Eg(m+1,)=a(m)Egz(m,i
+ (1 —a(m))E 5 (m, 3} (6)

Y= A=} a(m)-2 ofe] B3E T3l Ak o7t
a(m) =0.99 —0.0245(50 — E,.(m)) 9

A 2 ollA 7t Jrdof A & Epe(m)2 T
Zo] A4txlo|ixt,

(a) X1Z 3 42 2Y

BTGNS

(b) Aty TS 4 Y B BT

-~ LA

(c) x& BF M &Y Y HES ¥ ¢z

i A

LW s

I3 1. A EE A 24 24
Fig. 1. Analysis of speech with car noise,



40 PEIYUSIA) H20A M7E {2001)

{(a) Babble K2 A0l

o o 3
- s K < 3 foIE]

SO ST

N Lx“:i.-

| 24
=

AR AR - I 5 @ wEE

(b} Babble ZI2 Mo 4 2o ML

TOTO W BB 7Y WS 115 174 153172 191 210 I D4

(c) Babble &= A8l 3

073 2. Babble FS A

SOB 24 34D 362 T A0 A1R 43S AT A9E 514 533

4 voice metric H3i&

q01 2 £

1 B0 HOR 620 €47

Fig. 2. Analysis of speech with babble noise.

Eom)=10l0g ] 53 Ealim, 9) ®

el

FIAE AR S A sl e S/ 6
& Bk, FSolAes 2440l vlgf oy z) i) Wi &

J HEYE B ghe 7 T3 A gho) Ratol
A% 532 72 oo, A2 24 viE o)

ARE g oF 50 A= ofstolH JAY ofuf |7} okt
2 0]7) nﬁ.roﬂ e o2 2 E3 SA 2ol
=] g Aol vnA e Bt glo] AL H 0
2 7 %%E%D& FEo2 AR wolE AHL
of b2 W7t xhak -3 Ay Pt v g ¥
g7k skt vlol & A8 739 AE 717 AAH,
4 O)E e B2 BA 1o 25 Ze AXo] Z g
o= A9t st Ak Tt ol B AHee] 84
mEa} A5 o e B4k gk 2 19 23 29 1

4 AERE E S VEYS 4S5 244 58
T

ox o

et giek, Ak B59) 574 v EES s $42
ER Iz mel7al AR, HolE Fgof 49l &4
9 9= Ha2 g"é"l HQ GGolA HEstA e
Uk wetA & =RoMe
AZh, Fabp %@101]*1 Bajho] Aeo] $RAL ZHe
Hlolg8l Mgt (Wavelet Transform)g o83} A&
AAsH L EY A7 AL AA7IE AT,

I, gjoj2al vigh (Wavelet Transform)2
o3¢t ZSHPP7| (Noise Suppressor)

AeAA7S Qe T FahEES ol
g4l AlZE AlEolo, Yol A48 Zely 2
7 BAHZAY 27 90 ms®) W 10 ms TefQ) 7]
S92 2980 gebd 20 ms &4 Zeldlel o4 B



s, (n) Frequency G(K)

HOIES! MERE OIZEH ESMAH7| dA 41

Decision

H(k) Time
- Domain - Domain S
Conversion Conversion s' (n)
Yen

Channel Channel

Energy Gain e

Estimator Calculation

0
c qa

Spectral
Deviation = En(m)
Estimator E oh(m) ¥ * ‘

Channel Background Channel

SNR -t Noise SNR
Eio (M), A4 (M) Estimator E (m) Estimator Modifier
‘. 1
Voice d
Metric
Calcutation
‘ v(m)
Noise update_flag
. Update  |j==ecae=

J8 3. HEAA 82
Fig. 3. Block diagram of noise canceller,

I3 A2AAZ e F H AgEn F2AAYY 7
AEE 2 80 ZoAn, EZrjolo|adoi e & %
R0 BE& AA7I e 2 folE3 HE P27} a9
A At o W3S FYFELE A= 244
B3RS oA T ARgstol A o5 P& Azst
Al .

3.1 Ha @A

7|8 YA Feof ¥ ¥ ok F9E d92 o
ol AE& YARISH: B2 A3k Yo 2
=2olM e folER HE F 99 2199 vz
E4o] AW7|=E AEdg9E A3, ASE B4/
3k AolET-E 2o)7} 431 Daubechies HolE3
<€ 2ol (mother wavelet) 25 ARSI THS, 6],
o128l Algs W)Y (Halfband) & B3 S ALR3}
o] Aptxlojzict, deWao AMHE JEA SR
tha 3} go| Foizit},

k[n]=0.55inc((n—N—2_l')—g) 9
BN AFue Be)e] YHALT 4yl #)

3 nEud WEel QYASH 1y n]& TheTH 20
o)z},

Ryl n] = # n], (10)
I[n]=(—1) ¥ 1" p[N~1~n) ()

ATl A7 Welol JUASY glx]
o} mnjohel Yool YBASH g[1L et ol
ol

glnl=2"N-1-1] (12)
giln)l=2(=1)"4lx] (13)

Z- g QJolE A dus YEWAY 2YHE
ol 4 @iyt '

7 A St AFHYELR ApE 2
Ugt 720, Hog YaFRof thaai A A
H i AGS BYo] o] Fo| Wy, ol3d A F2E
olER M# ¥ Al @S| tRIE 5YE TRES
Hj8EE £4& ol$& Aot 7189 Fejd) Hdqt
Aol SRS MM ted = 42 vjndt Aol 2
3 4, 279 5l YEu ot 29 eoME & 4 YRo)
DFAE 25 JolERY Y2 AI=E 5
BN, AR ez A7t E 4EES 2 BEY
+ A sttt

AL G AolER Agol P& A FA= YRE



42 SN 20 A7E (2001)

3

>

@

&

o

©

al«invjefjrfuiofie

A
]

10 ms

t

J8 4. STFTE| AlZ-Fol si4E
Fig. 4. Time frequency resolution of STFT.

 J

A

toms
t

38 5, Ao1831e AlZk-Fals YT
Fig. 5. Time frequency resolution of wavelet,

)

10 Ms
t
I3 6. HoIE2E 018% M2 MY CIXI
Fig. 6. New channel design using wavelet.

a9 6o Ushiiglen, AFuhs Fule =S 1
she ADEVEEE 22t Y2 A o)/
240l T AR S| 1FHE D' *I7P21°3~
£/4& Hol7] gEolrt. 2-A BEo| e A=
XH‘Q HEE ousty FJ4L HEFHE Stk €
A= glol B3 g 9] 8 S vehdnh, A
‘—é 13} 2= 5 ms YU BAjo] HlofR) 3, vhea] S
& 2.5 ms B9I2 F40) Hojc), 4% HY=E 7t
Fejo] Mg FEE = £ oy, ol
*H-‘Z‘&'?‘ll ARIE ATtz vt o] o,

i = (2.4, 6, 8,10, 12, 14, 18, 20, 24, 28, 32, 40,
48, 56}

fr=18,5 17 9, 11, 13, 15, 19, 23, 27, 31, 39, 47,
55, 63}

& ALY & g fre AEY A ook

3.2. ¥ 2=} (Soft Threshold)X$

B =R AgE A& AR AUER A
Ro]| 7|ukgtubd o] 2] 2] ¢4 EEZ (Soft Threshold)¥
Hof| o3t SAA Wat AFs +2E AT
(6,7]. o) HHL2 Yol &3 HE ¥ 23 ah F3-& HAH3}t
7] Y3t Ao A dA|=e 2AE B3RS 3 @
< o]g37)| Bk A Holed A AL Y 2
ol &35} 2 27] Fr& N2she Ual2 =l gk o
2k, ’&%EI WS FASE AR = Dot
o] 22 AAsK=t) antdo|ct, M HolEH

A él (192 Zro] ARl o7,

dp=sign{dp)(dpl — 1) (14)
B A 4 (159 Zo] Aegict

A=V 2log (128) (15)

3.3, P M| AHERS] B Y 24 Al
Azt Wt vpg] AHEY SN2 AEEY B4t
g ALkl A% A A= o] AX 2HEHe
I PFEE &St Aol A7IA, BT B
atg] 2B E] glo| 24 F AU #F I
24 olE gk HFH o2 MBS olvA 7] 39
A 5 wrster ARG 2 P2 54 Tl
o) 2717} o, golet hEsin A¥EY FA



gro] Al gt ol3tel - w7 FASolv A @ Bdst
B 22 Eo| ko213 ol B3 AE o83t
g9 Fu iy F 47] o A= 27 dE
oA 97 Aktsl e 93 AYAHER g ANT R
Ay Eofo} s, ATHIEE Fol= AHE T
et e 71E9 STFT PR o) v]s] 20154 €rt.
Zh Fupg Bl A Wa v AYER o] At
2 132 248 5ol AFE ol 719 dlolEd
A7t WorA B2 o|F 23t T 4] (16)TF 2o
WP o] Also A}, o7 F77t B w A
EF Eup o A AR AR m+ 12 ohE 2 ol
A AR S oista, 5 iR w7 A W
EE )@t

Eg{m+1,0)=alm) Eg{m,0)
+(1—a(m)E 5(m, 0

Eg(m+1,1)=a(m) Eg(m,1)
+(1— alm))(Eg{m, 1)+ E 5(m, 2))/2

Em(m+1,2)=alm) Ezp(m,2)
+ (1~ a(m) (Ep{m, 3) + E 5(m,4)
+ Ep(m,5) + E g(m,6))/4

Eg(m+1,3)=a(m) Ezg(m,3)
+(1—a{m}) (Ep(m, T+ Es(m,8)
+ Egsl{m, 9} + Ez5{m, 10))/4

Eglm+1,4)= a(m) Ez(m,4)
+ (1 — al m)) (E g5 m, 11) + E g5, 12)
+ Eyp(m, 13) + Egp(m, 14))/4 (16)

AMEY B4 G B 519) A9EYD AR A
59 2HEETe) 2 4 (7)3h 2ol Bl 44
TYQE IEOR Y Y 2HEH UYS TV F &
A ghE 8 ol AT MBS A1) Hololat,
Azl B B SHEE Edirks Aol

2e(my=|E40)— EaON+|Ex 1) —(E4 {1+ Ea420)]12
+|E(2) —(Ep(3) + Eal8) + Ea(S) + Es(62)}/4
+|Ep3) — (Ep (1) + E{(8) + E4(9) + E4(10))]/4

+ [ Eald) = (B4 (1) + Eq(12) + E(13) + E(14))}/4
(17

SOIRS! By 0188 ASHY| S 43

3.4. IS Rt W Fk I ot
Az Yol gt FA o5& Atk Ad A
FEUS B3 g I8 oIS E Akt

20 E,(m, z)]} (18)

ATy = ~18 (B20|D), E,(m, )& 29ET
2 e,

2} 34 O (channel gains)2 4] (19)& o}451 A
MR 5, 2 4B AEHEEH MAZoIT, oy
712 Qafgarlel,

7»= max [ Ymin » 10log

ya(D=0.39(6," () —ap)+ 7, ; 0<iN, (19

A% A oIS A (20)& o] gsted A4k A ol
52 03} 1xjol9] & AHIA ek FeoR 249 2
29 o]Se Fe P At

ya(d=min{1,10 “*® } ; p<iKN, (20)

A2 o552 HolEd ¥ Ae 4ol AU 9]
ol Wg A g0l A Q) Zol F3A AL
& AEL"A AR

du=va(Ddy (1)

5ol AAE Hol8d WA GeolEs M
S o884 Az 99 A3 2R g AgelER
HEHA 2 e 3 P2 AN 3t =gt T4
BollA AME= g W0} s S 4 (12), 4
139 Folch AFA ez A7k NE = 37t
517] {overlap~and—add) & HEAH 224 Fat G
ojat AelE 2k FHR W] BEE A 29 d
A7)z 28 7 veht ok

O 2324 A7 79 80 103 104 27

L 1]

G Aol A AF%%J

overtap GOTH

Overlab-and-Add

) wauy[o ol
+ Ol & 232 (80 - 127)

- on paABo - )
39 7. 38 sy 2pdg 8% ARIGY S8

Fig. 7. Time domain reconsturction using overlap and add
processing.



44 PSRRI HR0H H7E (2001}

3.5 F4 3 3

A9 Aol R 7t AR 74 g WiBTS
vz 27] gHeol 84t 97)A4, 2 o E 45
= 3889 27 PSS 94 A A WYgE A
A oA gk Ad S 483k A=,
A7 Bt e SHER Y oA R o, 2
oz gde] Mg 2 dry. 4 gl o
A Fg A e Ad AsdgSuiet Ad o5
& 27k AbgEn AR 4 4 (222 7
o| Attt

E,(m+1,0)=max{ &y, @.L,(m,0)
+ (1 - a")Eck(m, 0)}

E (m+1,1)=max{Epnn. aE.(m 1)
+ (]. - a,,)(Ed(m, 1) -+ Ed,(m, 2))!2}

E (m+1,2)=max{Eun,, @, E.(m,2)
+(1—a ) E (m, 3D+ Ez(m,4)
+Eg(m,5) + Eg{m,6))/2}

E, (m+1,3)= max {E pin. @, En(m,3)
+(1— g, Eu{m, T+ E 4(m,8)
+ E4(m,9) + E{m, 10})/2}

E (m+1,4)= max {E iy o,E.,(m, 4)
+ (1= a M E4(m,11) + Ey(m,12)
+ Eq(m, 13) + Eg(m, 14))/2}  22)

AZ|A, Euin=0.0625 (32 g YA Z «,=0.9
(S 4PE ATt

E 1. MOS AJH 23
Table 1. Result of MOS test.

IV. SlokeR TS WPIel g5 Wl

A= Ak YolB ¥ FAA 712 A5S W7t
517] 98 EVRCl4] $-5317) W9 A7 ¢ vl st
gth, EVRC 248 3317| & 20 ms Zald T2 24
glo]El & A 2stu, FEAA7 = 29 ¥4 10 ms T
2 A 2| 3k EVRC -S43 B 38710l A] AR W4
STFTE o438 AMEY X7 3 AA Wholtt

)34 3 SHAE (MOS S AlE)E 981
on] Ago) ALH 34 dioles @At 33, A7 3359
24 B A3l e, o7io) A S FRks
d|7}15dB, 10 dB, 5 dBS] 27|& Z= vlolE &, AF
e, 249 S 5Y FHESE 4L Tl disl =
AABE 39}, Q7| ARG E Hlo]E R, A A,
AAE A2 o|F 54l BEolA) Aestefor sl thi
A 9 A3solt}, 24 THEA g2 2070]
SAAG Brteint, SAAY d3e & 19 Uehy
Ak, HolE FgoMe A -EAA 7] 73971 5dB,
10 dB, 15 dB 25 AHH o2 ok MOS 02829 A58
AL By, o] A e AE o5 BLAAZ7} AT
of wel 2hg-EAdo] B2 M3k Babble &9 79
Fufe digo] ot AZRAEE AT 2N, BTt
22 A& AATE gioke A RAgt

A3 EE U 2A FSok haliriz 16 dB, 5 dBS 7
2 9F0.1bBY 34 E= AR S EF o 10dB
9] A9+ 23|38 2 4%5°] 0.1~0.2dB BRI A=
AR 2, ARME ZeAA7IA AAE fels
2 el 9] Fub ST 7E STFTE o] 83t Fup o4t
= Bt 230 |92 2 248 go|#]7] njFef 23]
Aol AstE B9E vrhtd, oledt B2& WAt

2y 38 ©HIQELSloRES! M8 TSHIH

He 4.26

Babble Z2 SNR 15dB N 392
Babble & SNR 10dB 342 363
Babble && SNR 5dB 310 326
YAz =2 SNR 1508 3.60 374
=AHe| ZE SNR 10dB 347 335
=He| S SR 5dB 307 296
AIgF &S SNR 1548 396 404
X2F &2 SNR 1048 382 364
X2k E2 SNR 5B 326 329




HolEs! HEle o1t I3MAH2| 4 45

(a) 5dB #)0J8 &S 42 FYAE

(b) EVEC TE HA7I& HEE gt

{c) MoK TR AA7|8 HZ3t A

228 AP EHS MY Y By g
Fig. 8. Synthesis results of speech with car noise.

7] A8 folERY HEZ 22 7 fFE ofiAe]
w2t Hgtshe W) A o d7Eolrd FEoR
okl

ALA FSAA7AA AAE delER HEo] 2
H 82 HjolE Eoll4l2] EVRC 4z} AlkE flolER
RS A3AA7] 23 HEE vebdt, 2elA 2 4
Axo] st 2HEG0] fTglo] FAE o 22 A
£ fA5ke Aol BEEUen, B8 8 ¥ 4RE
3ty ABER 2}l (Harmonic Spectrum Line) Ao} €]
& LU EYo] o2 AAHUSE B AT

VEE

& =2dA s e s £4/89% =7 AoleR
HES o) G384 RER FE AA dTFE AW

ok flolE sl M-S 0] &3 AMEY A7 WS AAY
E A7) S AR A A, RS A0 T,
ol A A 52 AR ARt S0l
e s Hjo)E S Ae 9B AR ETLe £
35S 7= STFT 45 0183 71&9) EVRC W42
A& 2789 A0l BojAie AL &+ YA AT
A ALY FSAA7 = N FRe 2H5S 855
A e 5= = HAo)ER HES ol FH =N FS
AR FggE 372 & Uslck AlRkE dlelE
A ASAA7 = SAANEE S8 A2, A
Sl M= EVRC 49} v|23t A5 BT dlole
Sol 4 M0S 0.2 =9 S 7iAE Bk S42 &4
E2a92 T BAA e Ads 898 =+
AT,



46 FESSUBRIT) HAOA H7E (2001)

e =

£ g7 20009 BEFAFY 32T et
A gnlof ool aF=EASE.

g2

ki

Ao

1. J. E Natvig, “Evaluation of six medium bit-rate codecs for
pan—eurapean digilal mobile radio system,” /EEE Journal on
Selected Areas in Commun,, Vol. 6, pp, 346-352, June
1998,

2. ), Gerson and M. A, jasiuk, “Vector sum excited linear
prediction {(VSELP) speech coding al a 8 kbps,” Froc, IEEE
int. Conf Acoust, speech 8ig. Processing, pp, 461-464,
Albuquerque, New Mexico, USA, Aprll 1990,

3, R, Salami, L. Adoul, S, Hayasi, P. Kroon, and Y, Shoham,
“Description ot the proposed iTU-T 8 KB/S speech coding
standard,” Proc. 1EEE Workshop on Soeech Coding for Tele—
commumication, pp. 3-4, Annapolis, Malyland, USA, September
1995,

4, PN-3292 (15-127), “Enhanced Variable Rate Codec, Speech
service oplion 3 for wideband spread specirum commrwicalion
systems,” April 1996,

5. C. Sidney Burrus, Ramesh A, “Introduction to wavelets and
wavelet translorms,” infroduction io Wavelets and Wavelet
Transforms, Prentice Hail, pp, 98-99, 1998,

8, Wim Sweldens, “Wavelets: whal next?,” Proceedings of the
EEE, 84(4), pp, 680-685, April 1996,

7. Donoho, D,, Johnstone, |,, Kerkyacharian, G, and Picard, O,
“Densily estimation by wavelet thresholding,,” Technicat
Report, Department of Statistics, Staniord University, 1993,

X} ory

o {1 § 2 (Ho—jin Won)

19974 2% SRUMUD TXESS0} At

200011 2% SRS MaS3tal A}

200019 28 ~2005 58 JHLY TR

20011 6%~ 3 LG TRt

» FEYEOE S4 QU2 253 SH0IA MSYE

o % ¥ (Jonghark Kim)

19984 2§ BSUstne TIAIEAT &}

2000 2% ESuin MukEeta Moy

20009 33~ ¥ A=Y VSei YAy

% ZFRHAUE0E 24 QU2 BE5L SMA TANE

*9] 91 4 (Insung Lee)

19834 2% TIMICNER MXIE 2T At

19854 29 TMh3tR TXREERt A

19924 12§: Texas A&M Universily X728} HiAl

19863 ST~ 1987¢1 78 MBEA AUCt HYHPY

19934 2§~ 1995U 9f: HEXMXSAATY OIEEAVIRARCH MUEZY
198549 ~ PIf: SS0 M7 |IHAIRBER Sup

W FEHE0R &Y ¥ HYNEEE, 0SSN HREY



